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Abstract 

Background. Adequate restoration of blood flow through the portal vein 

in the graft is only possible with a clear understanding of its anatomy in 

the donor. 

Aim. To describe new and extend current data on the portal vein anatomy 

in a donor of the right liver lobe, to describe variants and formulate 

principles of portal reconstruction in right lobe living donor liver 

transplantation. 

Material and methods. 306 living donor liver transplantations were 

performed from 2009 to 2021 in the State Research Center – Burnasyan 

Federal Medical Biophysical Center of Federal Medical Biological 

Agency. The vascular anatomy of 518 potential donors was analyzed. 

Portal vein variants of the anatomy of right lobe graft were assessed. 
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Results. Nine types and 3 subtypes of portal vein branching were 

evaluated. A, B, C, D, E types match the types described earlier in 

Nakamura classification. Subtypes B1, B2 и D1 are specifications of 

types B and D. Types F, G, H, I have been described additionally. The 

incidence of types and subtypes where reconstruction was made: type A 

(82%), B (4.6%), B1 (3.9%), B2 (1.3%), C (3.9%), D (3.9%). The 

incidence of E, G, H, I types among 518 potential donors was 0.4%, 

0.6%, 0.2%, 0.4%, respectively. The recipient portal vein complications 

were detected in 12 cases (3.9%), where 3(25%) were Class 3b according 

to Clavien-Dindo and 9(75%) of Clavien-Dindo Class 2. There were no 

correlations between portal vein complications and the method of portal 

vein reconstruction. (p<0.05). No complications occurred with portal 

vein in donors. 

Conclusion. The existing classification of right liver graft portal vein has 

been updated and detailed. A certain way of reconstruction has been 

proposed for each portal vein type. Anatomical types in which donation 

and transplantation are contraindicated have been specified. 
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ASPV, anterior sectoral portal vein 

LLPV, left lobar portal vein 

MSCT, multislice spiral computed tomography 

PSPV, posterior sectoral portal vein 



PV, portal vein 

RLPV, right lobar portal vein 

 

Introduction 

Living-related donor liver transplantation from in adults is an 

important method of definitive treatment of patients with end-stage liver 

diseases, especially in regions with a low number of transplants from 

postmortem donors. The number of transplants is 3 per 1 million 

population of the country, which is certainly not enough, given the 

increasing number of the diagnosed liver diseases that potentially require 

surgical treatment [1]. In this regard, lifetime donation of liver fragments 

is an important aspect of the treatment of end-stage liver diseases. It is 

also important to expand the use of lifetime donors by obtaining a graft 

from donors with an atypical anatomy of vascular structures and biliary 

tree. It has been shown that the venous anatomy of the liver right lobe, its 

efferent and afferent components, is more variable in right lobe liver 

donations, whereas left lobe liver grafts have higher rates of complex 

arterial reconstruction [2]. Important aspects of the use of donor organs 

with variable vascular anatomy are: a detailed preoperative examination 

to identify specific features and anomalies of the vascular anatomy, and a 

special surgical technique that makes it possible to obtain the graft safely 

for the donor and perform full reconstruction in the recipient’s body. At 

the moment, the classifications of T. Nakamura and Y.F. Cheng are most 

often used to assess the anatomy of the portal vein of the liver right lobe 

[3, 4]. 

Contrast computed tomography makes it possible at the 

preoperative stage to identify all the variants of portal vein branching in a 

donor described in these classifications, as well as to clarify the presence 

of other features important for the operation, such as thrombosis or 



fibrosis of the portal vein in the recipient. However, the proposed 

classifications do not take into account a number of important anatomical 

variations, since when performing portal reconstruction for types D and 

E, they can be potentially dangerous for the donor [5]. In this regard, 

defining the criteria for safe donation, based on knowledge of the portal 

vein anatomy, is extremely important for the successful completion of 

living related donor liver transplantation. 

 

Material and methods 

We have analyzed the experience of the State Research Center – 

Burnasyan Federal Medical Biophysical Center of Federal Medical 

Biological Agency in performing 306 living related donor transplantations 

of the liver right lobe in adults in the period from 2009 to 2021. Five 

hundred eighteen subjects were examined as potential donors. The 

anatomical structure of the donor portal vein was made assessed in the 

preoperative period using multislice spiral computed tomography 

(MSCT) with intravenous contrast. When donor hemihepatectomy was 

performed after cholecystectomy, the elements of the hepatoduodenal 

ligament were mobilized. Meantime, devascularization of the common 

bile duct was avoided throughout its length. The hepatic artery was 

isolated only in a short section directly at the porta hepatis, where it had 

to be crossed. The method of portal vein mobilization with regard to the 

previously identified anatomical features. The single trunk of the right 

lobar portal vein was mobilized circularly extrahepatically. In the 

presence of two closely spaced sectoral trunks of the portal vein, both 

trunks were mobilized. Due to the fact that the parenchyma was usually 

transsected using the “liver hanging manouver” [6], the tape was passed 

anterior to the previously mobilized portal veins. If there were two trunks 

of the portal vein, one of which was located deep in the porta hepatis, the 



mobilization of the distant branch occurred while working with the 

Glissonian pedicle of the right lobe. The intersection of the lobar or 

sectoral branches of the portal vein took place taking into account the 

principle of maximum donor safety. In this regard, a restriction of blood 

flow along the portal vein trunk had never been used, except in situations 

where blood flow through the portal vein and hepatic artery was briefly 

limited in order to visualize the line of demarcation and determine the 

trajectory of parenchymal transsection. Vascular clamps were applied 

strictly in a vertical plane to the right lobar portal vein and sectoral veins 

so that the resulting stump(s) of the portal vein during its suturing did not 

lead to the formation of sharp angles and possible stenosis of the portal 

vein in the donor. Thus, if preserving a single entry of the portal vein, for 

example, during its trifurcation in the recipient, was possible only in case 

of a risk of complex reconstruction and(or) stenosis of the donor’s portal 

vein, the sectoral branches were intersected only with separate trunks in 

order to save the length of the portal vein stump in the donor and 

preventing its stenosis. Suturing the portal vein stump was performed 

over the applied clamp with a 5-6/0 polypropylene suture. Mobilization 

of the hepatic veins was described in detail previously [7]. Typically, 

after completing the transsection, the right hepatic artery was transsected, 

then the right lobar portal vein or its sectoral branches, after which the 

hepatic veins were transsected. After the explantation, the liver 

preservation was performed in Custodiol solution (cooled to 4°C.) At a 

“back-table” stage, the options for future reconstruction of the hepatic 

veins, bile ducts, portal vein and hepatic artery were determined. We 

should note that in all cases of surgery on the recipient, a high 

mobilization of the porta hepatis was performed, exposing the bifurcation 

of the portal vein, lobar hepatic arteries and bile ducts with the possibility 

of their high intersection if necessary. Control ultrasound examinations to 



assess the blood flow rate in the graft were performed daily during the 

first week and then as necessary. 

 

Results 

Nine types and three subtypes of portal vein branching were 

identified. The anatomical types of the portal vein structure of the donor 

liver right lobe, their definitions, their case rate, and the possibility of 

reconstruction are presented in Table. 1. Types A, B, C, D, E correspond 

to the types described previously in the Nakamura Classification. 

Subtypes B1, B2, D1, F, G, H, I were described additionally. Organs with 

types A, B, C, D, F of portal vein branching were considered suitable for 

transplantation, while the possibility of transplantation was not 

considered for types E, G, H, I. Moreover, in a series of 518 potential 

donors, type E was found in 2 cases type (0.4%), G in 3 (0.6%), H in 1 

(0.2%), and I in 2 (0.4%). The number of complications of the portal vein 

was 12 cases (3.9%), and all of them were portal vein thrombosis. Of 

those, 3 (25%) were of Class 3b, as assessed by Clavien-Dindo 

classification of complications, and required thrombectomy; 9 (75%) 

cases were non-occlusive thrombosis of Clavien-Dindo Class 2 and were 

treated conservatively. The median period of thrombotic complications to 

develop in the portal vein was 17 days. Pre-existing thrombosis of the 

portal and/or superior mesenteric veins was identified in 37 recipients 

(12%). The presence of pre-existing thrombosis did not increase the risk 

of thrombotic complications (p<0.05). The incidence of portal vein 

complications was not related to the type of portal vein reconstruction 

(p<0.05).  

No complications related to a liver donor portal vein were reported 

in the study. 



Table 1. Anatomical types of the portal vein structure in a donor of 

the right liver lobe: definitions, case rate, possibility of 

transplantation 

Anatomical types and 

subtypes of the portal 

vein Definition 
n=306*, 

n (%) 

Possibil

ity of 

transpl

antatio

n Type Subtype 

A  

There is a bifurcation of the main trunk of 

the portal vein into the right and left lobar 

veins 

251 (82) + 

B 

(middle) 
 

Trifurcation of the portal vein, in which 

the portal vein trunk is divided into the 

anterior, posterior right sectoral veins 

and the left lobar vein, while the ostia of 

the posterior sectoral and left lobar 

branches are located at the same level 

14 (4.6) + 

 B 1 (right) 

The ostium of the posterior sectoral branch 

is located distal to the ostium of the left 

lobar branch 

12 (3.9) + 

 B 2 (left) 

The ostium of the posterior sectoral branch 

is located proximal to the ostium of the left 

lobar branch 

4 (1.3) + 

C  

Bifurcation of the portal vein main trunk 

into the anterior sectoral and left lobar 

branches, while the posterior sectoral 

branch arises directly from the main trunk 

of the portal vein 

12 (3.9) + 

D  

Bifurcation of the main trunk of the 

portal vein into the posterior sectoral and 

left lobar branches, with one anterior 

sectoral branch arising from the left lobar 

portal vein 

12 (3.9) + 

 D1 

Bifurcation of the main trunk of the portal 

vein into the posterior sectoral and left 

lobar branches, while two right anterior 

segmental veins depart from the left lobar 

0 + 

E  

Division of the portal vein trunk into the 

right posterior, anterior sectoral and left 

lobar veins, in which the blood supply to 

segments 4, 5 and 8 is made by separate 

branches of the anterior sectoral vein 

0 - 



F  

Quadrifurcation of the portal vein main 

trunk into the left lobar vein and three 

branches to the right lobe of the liver 

1 (0.3) + 

G  

Variants of the portal vein branching, in 

which a significant, but unsuitable for 

reconstruction branch departs from the left 

lobar branch to the anterior or posterior 

segments/sector of the liver right lobe, 

passing through the liver transsection area 

0 - 

H  

Variants of the portal vein branching, in 

which a significant branch departs from 

the right lobar branch to the 

segment/sector of the liver left lobe 

passing through the liver transsection area 

0 - 

I  

Agenesis of the right lobar portal vein. 

The right lobar portal vein is absent, and 

the blood supply to the right lobe of the 

liver is provided from small vessels arising 

from the portal vein main trunk, which 

passes into the left lobar portal vein 

0 - 

Notes: “+” means "transplantation is possible; “-” means "transplantation is not considered" 

*= case rates in operated donors are given, case rates case rates for subtypes and types D1, E, G, 

H, O, I in 518 potential donors are given in the text 

The method of restoring blood flow through the portal vein in the 

recipient depended on its anatomical type (Table 2). 

 

Table 2. Portal vein reconstruction options for different anatomical types 

 Type of reconstruction  Anatomical portal vein 

type of the graft 

Portoportal anastomosis A, B, B1 

Bisectoral portal anastomosis (after forming the 

common ostium of the sectoral veins) 
B, B1, B2 

Bisegmental sectoral portal anastomosis (after forming 

the common ostium of two segmental and one sectoral 

veins) 

F 

Use of Y-shape autovenous graft C, D, D1 

 

Discussion 

Peculiarities of the donor and the recipient structures of the 

mesenteric-portal system must be taken into account at the stage of 



planning the intervention, when MSCT is widely used, which makes it 

possible to determine both anatomical variations and the presence of 

venous thrombosis in the recipient [8, 9]. The Nakamura classification is 

basic for preoperative planning of a donor operation, however, as shown 

above, it does not fully satisfy the needs of transplant surgeons, despite the 

fact that the variants of portal vein branching described in it are observed 

in a predominant number of cases. Cetin Atasoy et al. and G. Varotti offer 

a different classification of the types of the liver right lobe portal vein 

(Tables 3, 4) [10, 11]. 

 
 

Table 3. Anatomical types of the portal vein according to Çetin Atasoy 

Anatomical type of 

portal vein 
Description 

1 

The portal vein gives rise to the left and right lobar veins, the right 

lobar vein gives rise to the right anterior and right posterior sectoral 

portal veins 

2 
Trifurcation of the portal vein into the left lobar portal vein, right 

anterior and posterior sectoral veins 

3 

The main trunk of the portal vein is divided into the right posterior 

sectoral portal vein and the common trunk of the right anterior 

sectoral portal vein and the left lobar vein 

 

Table 4. Anatomical types of the portal vein according to G. Varotti 

Anatomical type of 

portal vein 
Description 

1 (normal type) 

The right lobar portal vein arises from the common trunk and gives 

rise to the right anterior and posterior branches within the right lobe 

of the liver 

2 (trifurcation) 
The right lobar vein is absent, and the right anterior and posterior 

portal veins arise directly from the common trunk 

3 (left type) 
The right lobar vein is absent, and the right anterior branch arises 

from the left lobar vein 

 

These classifications largely reflect the experience of the authors 

who presented them and do not take into account, for example, the 

differences between types C and D in the Nakamura classification, nor do 

they highlight options in which obtaining the graft may be associated 

with the development of additional risks for both the donor, and the 



recipient. The MSCT image should certainly be subjected to a rational 

assessment in order to prevent an attempt at donation in the presence of 

the types of portal vein branching that are not subject to transplantation, 

and to plan the safest surgical method for obtaining the graft, as well as to 

select the most optimal technique for portal reconstruction.  

Type A (Fig. 1) of the classification we have developed represents 

bifurcation of the portal vein into the left and right lobar veins 

corresponds to the Nakamura classification. Our proposed type B and 

subtypes B1, B2 (Fig. 2–4) are a more detailed pattern of portal vein 

trifurcation in the Nakamura classification. These options are defined 

above. In type B, obtaining a graft with one portal vein entry is possible 

in approximately half of the cases by maintaining a bridge between the 

ostia of the sectoral veins. With subtype B1, it is always possible to 

preserve the bridge between the vessels; and with subtype B2, the graft 

will always contain two ostia, which require merging into one at the 

"back table" stage. Types C (Fig. 5) and D (Fig. 6), according to 

Nakamura, require reconstruction using a Y-shape conduit or some other 

surgical techniques [12]. In our understanding, the main and significant 

difference between type C and D is that that in type C, the anterior 

sectoral portal vein arises outside the Glissonian sheath and can be 

isolated separately from the rest elements of the pedicle, whereas in type 

D it is included in the triad Walaeus sheath, and thus arises 

intraparenchymally from the left lobar portal vein. Type D1 (Fig. 7) is a 

subtype of type D, in which there are two segmental branches to the 

anterior sector of the right lobe, arising from the left lobar portal vein. In 

our study, the bifurcation of the portal vein of the recipient's liver was 

used for portal vein transposition for the purpose of reconstruction. This 

approach is considered as a priority, since it does not require additional 

manipulations to obtain other grafts. Type E (Fig. 8), for which 



Nakamura et al. described a possible method of reconstruction that 

consisted of abandoning the restoration of the branch to S8 and 

reconstructing the branch to S5 through a venous graft is a 

contraindication to donation, in our opinion, since there is a significant 

risk of a graft loss. Moreover, the presence of a branch to S4, extending in 

the transsection plane, creates an unjustified additional risk for the 

donor’s liver. The variant F we identified (Fig. 9) is a quadrifurcation of 

the portal vein. The graft contains 3 portal vein ostia, and the 

reconstruction is performed by joining them together. 

The main difference of type G (Fig. 10) is the deep intrahepatic 

arising of the anterior right subsegmental or segmental branch to S8 of 

the liver from the left lobar portal vein. The mouth of the vessel in this 

case is shifted to the left from the Rex-Cantlie line along the left lobar 

vein. This option may create additional and unpredictable risks of 

ischemia of part of the graft and, as a consequence, its loss. For this 

reason, patients with similar anatomy were not considered as donors. In 

type H (Fig. 11), as a rule, there is a branch arising from the right lobar 

portal vein to liver S4 and this branch ligation will create the segment 

ischemia in the donor’s liver, which is an unacceptable event. We 

described earlier the portal blood supply to the left lobe of the liver from 

the right portal vein, which has been observed with an incidence of 1.5% 

to 7% [13, 14]. In most cases, these options are regarded as not subject to 

donation. The presence of small venous vessels crossing the interlobar 

border from right to left, as a rule, is not a contraindication to donation, 

while option H presupposes the presence of a well-defined trunk 

supplying blood to liver S4, and therefore requires allocating into a 

separate group. 

Agenesis of the lobar portal vein, type I (Fig. 12), which has also 

been described by a number of authors, may be accompanied by 



hypotrophy of the liver right lobe, and therefore an organ with similar 

anatomy cannot be considered as a potential graft [15]. In alternate cases, 

the blood supply to the liver is ensured by many separate segmental, 

subsegmental, and sectoral vessels that are not subject to reconstruction. 

 

A  B  

C  

Fig. 1. Anatomical type A: A. (CT image); B. (Photo); C. (Diagram). 

PV, portal vein; LLPV, left lobar portal vein; RLPV, right lobar portal vein 



A  B  

C  

Fig. 2. Anatomical type B: A. (CT image); B. (Photo); C. (Diagram). 

PV, portal vein; LLPV, left lobar portal vein; ASPV, anterior sectoral portal vein, 

PSPV, posterior sectoral portal vein 

A  B  

C  

Fig. 3. Anatomical subtype B1: A. (CT image); B. (Photo); C. 

(Diagram). PV, portal vein; LLPV, left lobar portal vein; ASPV, anterior 

sectoral portal vein; PSPV, posterior sectoral portal vein 



A  B  

C  

Fig. 4. Anatomical subtype B2: A. (CT image); B. (Photo); C. 

(Diagram). PV, portal vein; LLPV, left lobar portal vein; ASPV, anterior sectoral 

portal vein; PSPV, posterior sectoral portal vein 

A  B  

C  

Fig. 5. Anatomical type C: A. (CT image); B. (Photo); C. (Diagram). PV, 

portal vein; LLPV, left lobar portal vein; ASPV, anterior sectoral portal vein; PSPV, 

posterior sectoral portal vein 



A  

B  C  

Fig. 6. Anatomical type D: A. (CT image); B. (Photo); C. (Diagram). 

PV, portal vein; LLPV, left lobar portal vein; ASPV, anterior sectoral portal vein; PSPV, 

posterior sectoral portal vein 

 

A  B  

Fig. 7. Anatomical subtype D1: A. (CT image); B. (Diagram). 

LLPV, left lobar portal vein; PSPV, posterior sectoral portal vein; PV, portal vein 

 



A  B  

Fig. 8. Anatomical type E: A. (CT image); B. (Diagram). PV, portal vein, 

LLPV, left lobar portal vein, PSPV, posterior sectoral portal vein; PV seg.S5, portal vein 

segmental branch to S5 of the liver; PV seg. to S8, portal vein segmental branch to S8 of 

the liver; PV seg. to S4, portal vein segmental branch to S4 of the liver 

 

A  B  

Fig. 9. Anatomical type F: A. (CT reconstruction); B. (Diagram). 

PV, portal vein; LLVP, left lobar portal vein; PSPV, posterior sectoral portal vein; 

PV seg to S5, portal vein segmental branch to S5 of the liver; PV seg. to S8, portal 

vein segmental branch to S8 of the liver 

 

A  B  

Fig. 10. Anatomical type G: A. (CT image); B. (Diagram). PV, portal 

vein; LLPV, left lobar portal vein; RLPV, right lobar portal vein 



A  B  

Fig. 11. Anatomical type H: A. (CT image): B. (Diagram). PV, portal 

vein; LLPV, left lobar portal vein; RLPV, right lobar portal vein 

A  B  

Fig. 12. Anatomical type I: A. (CT image); B. (Diagram). LLPV, left 

lobar portal vein; PV, portal vein 

 

The presented results, illustrating the presence of the portal vein 

branching types in right half liver donors, which are not included in the 

Nakamura classification, indicate the need to supplement it. Obviously, to 

improve preoperative planning and prevent the development of portal 

vein thrombosis in the recipient, the knowledge of possible variations in 

the anatomy of the portal vein is necessary. The donor safety plays a key 

role in live-related donor liver transplantation; therefore, we consider 

unacceptable the situations of taking an autovenous graft from a donor, as 

described by Nakamura, in case of reconstruction of the portal blood flow 

with branching type E or D. Although the complication rates from part of 

the donor portal system have been reported relatively low, up to 0.5% 

[16, 17], we believe that the portal vein should be transsected in the most 



safe manner for the donor in order to avoid the development of 

complications. 

With gaining the experience in performing live-related donor liver 

transplantation, such classifications of portal anatomy as those developed 

by Nakamura, Cheng, and others require detailing and supplementing; 

definitions of existing types have been given, and additional 7 types and 

subtypes of the portal vein anatomical variations were introduced. 

The anatomical types of the donor portal vein structure, in which 

donation is contraindicated, have been clarified. 

Methods for reconstructing blood flow through the portal vein in a 

graft of the liver right lobe have been described for 10 types and subtypes. 

 

Conclusions  

1. Expanding Nakamura classification of portal vein structure 

variations by identifying subtypes B1 and B2 in type B, identifying 

subtype D1 in type D, and identifying types F, G, H, and I has an 

important applied significance in surgery and liver transplantation for 

planning an adequate method of portal revascularization 

2. Planning of portal reconstructions: portoportal anastomosis, 

bisectoral-portal anastomosis (after the formation of the common ostium 

of the sectoral veins), bisegmental sectoral portal anastomosis (after the 

formation of the common ostium of two segmental and one sectoral 

veins), reconstruction using Y-shape autologous vein graft, is advisable to 

undertake in the preoperative period, based on the obtained anatomical 

data. 
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