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Objective: The current study aimed to examine the anatomical structure of the hepatic

vein of segment IV liver (S4) of the liver using three-dimensional (3D) visualization

technology in order to explore the surgical value of the middle hepatic vein (MHV)

manipulation and highlight the importance of current research in hepatic surgery.

Methods: Between January 2014 and December 2019, 52 patients with abdominal

diseases(not including hepatic disease) were selected for multiphasic computed

tomography-enhanced scans of the upper abdomen. A 3D visualization system was

utilized to display the structural details of the hepatic veins in S4 of their livers. Couinaud’s

eight-segment classification system was used to denote the liver’ sections.

Results: The constructed 3D model clearly displayed vascular morphological

characteristics and their location in the liver, hepatic artery and vein system, and portal

vein system. Of the 52 patients, 43 had an umbilical fissure vein (UFV) (82.7%), 19 had

an accessory S4 liver vein (36.5%), 16 had both a UFV (30.8%) and an accessory S4 liver

vein, and 6 had neither (11.5%). A total of 79% of the patients with a UFV and 74.2% of

those with an accessory S4 liver vein had venous blood returning into the left hepatic vein.

Conclusion: 3D visualization technology was used to determine hepatic venous return

of S4 hepatic veins and was found to improve the safety of evaluation in hepatic surgery.

Keywords: three-dimensional visualization, anatomical structure, segment IV hepatic veins, drainage,

preoperative planning

INTRODUCTION

The middle hepatic vein (MHV) is a very important vein in the liver: it returns the venous blood
of segments 5, 6, and 8 (S5, S6, and S8) (using Couinaud’s eight-segment classification system) (1),
and occasionally it drains the venous blood from S6. In addition, part of the hepatic caudate lobe
vein flows into the MHV (2, 3). In hepatic surgery, it is still debated whether MHV ligation causes
congestion or even necrosis in segment 4 of the liver in cases of a right lobe tumor invading the
MHV or during living-donor transplantation of the right half of the liver (4–8), both of which
involve the anatomy of S4 hepatic veins and their drainage. Unfortunately, there have been few
studies concerning the anatomy of S4 hepatic veins with variant results (9, 10).

At present, three-dimensional (3D) visualization technology can accurately reconstruct the
morphological characteristics of each hepatic vascular system. Through rotation, perspective,
scaling, and other functions, the positional relationship between each vessel and liver segment can
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be clearly understood and the origin of each vessel determined.
3D visualization modeling of the liver uses a large number of
samples, which reduces the variance of results caused by the
limited number of samples in previous anatomical research (11–
13). In the present study, 3D visualization technology was used to
explore the anatomy of S4 hepatic veins and provide a basis for
MHVmanagement in the practice of hepatic surgery.

METHODS

Subjects
Between January 2014 and December 2019, 52 patients (27
male and 25 female of mean age 55.6 years) were selected
for 3D visualization reconstruction in the Peking University
First Hospital. All patients with abdominal disease other than a
hepatic disease were included. Thus, patients with liver disease
were excluded.

The study was conducted in accordance with the Helsinki
Declaration (as was revised in 2013). The study was approved
by Ethics Committee of the Peking University First Hospital
(Clinical Ethics No. 2018-15) and informed consent was taken
from all the patients.

Computed Tomography Scanning
Multiphasic enhanced CT examinations of the upper abdomen
were arranged for all patients before surgery. The patient took
a supine position in the head–foot direction, and the scanning
scope ranged from the diaphragmatic top to the umbilicus, with
the whole liver included. Scanning parameters: tube voltage 120
kv; automatic tube current modulation technology (120–300
mas); pitch 0.984; layer thickness 5mm; scanning field of vision
50 cm, matrix 512 × 512. A Siemens dual-source CT scanner
(SOMATOM Definition Flash, Erlangen, Germany) was used.
After injection, 20ml of normal saline was used to flush the tube.
The delay time of the scan in the arterial phase was 20–25 s, and
that of the venous phase was 55–60 s.

After scanning, the images of each phase were reconstructed in
layers of 1mm, with intervals of 1mm, and uploaded to the image
workstation. The original CT data were saved in DICOM format.

3D Reconstruction
All patients’ scanned images were stored in DICOM format and
imported into a 3D abdomen visualization system (Shenzhen
Xudong Co., Shenzhen) for analysis. The original CT data of
each phase were segmented and registered by the program.
The displayed objects included the liver, the hepatic artery
and vein system, and the portal vein system. The liver was
segmented according to Couinaud’s eight-segment classification
system (8). The homogenization, quality-control standards,
and 3D visualization model establishment were based on
the Clinical Practice Guidelines for Precision Diagnosis and
Treatment of Complex Liver Tumor Guided by Three-Dimensional
Visualization Technology (version 2019) (14).

3D Visualization Image Analysis
Only the liver S4s with a diameter of more than 3mm were used
as the main vein for analysis. Deputy chief physicians from the
hospital’s imaging department and surgical department checked

the 3D visualization results together, and the final report was
issued when both physicians reached a consensus.

Statistical Analysis
SPSS v.25 was used for statistical analysis. Continuous variables
were represented as mean averages, and classified data were
represented as frequency and rate. A descriptive analysis of the
constituent ratio was made. The normality of distributions was
tested by K-S normal test.

RESULTS

Of the 52 patients, 43 (82.7%) had an umbilical fissure vein
(UFV). All but one of these cases had S4 branches, accounting for
80.8% of all patients (Figures 1A–C). Nineteen patients (36.5%)
had an accessory S4 liver vein (Figures 1D,E), 16 (30.8%) had
both a UFV and an accessory S4 liver vein (Figure 1F), and
six (11.5%) had neither (Figure 1G). There was no statistical
difference between the anatomical morphology of hepatic vein
and the general conditions of patients (Table 1).

Of the 43 patients with a UFV, 34 (79.0%) had blood returning
to the left hepatic vein (LHV), four (9.3%) had blood returning
to the MHV, and five (11.6%) had blood returning to the LHV–
MHV confluence (see Figures 1A–C). Of the 19 patients with an
accessory S4 liver vein, 16 (74.2%) had blood returning to the
LHV and three (15.8%) had blood returning to the LHV–MHV
confluence (see Figures 1D,E).

DISCUSSION

With CT and magnetic resonance imaging data and computer
image-processing technology, digital 3D visualization technology
can analyze, fuse, calculate, segment, and render data. It can
also be used to display the bile duct and vascular system
separately from the vision intuitively, accurately, and quickly,
allowing clinicians to describe and explain the shape and
spatial distribution of the bile duct and blood vessels. It
can therefore assist in decision making, accurate preoperative
diagnosis, individualized surgical planning, and the selection of
an appropriate surgical approach (15).

In hepatic surgery, it is crucial to determine the precise
location of a tumor before operating, and the control of blood
flow in the portal and hepatic veins is an important factor
affecting the operation success. The anatomy of the hepatic veins
in S4 of the liver plays a role in whether simple removal of
the MHV will obstruct blood flow in that segment in patients
with right lobular hepatic tumors invading the MHV who
cannot undergo a right lobectomy or right hemihepatectomy
due to insufficient volume of the residual liver. It is also
involved in possible blood flow obstruction in living-donor liver
transplantation when the donor liver does not include the MHV.
3D reconstruction of the portal and hepatic veins is therefore
of great value in analyzing the morphological features and
variations of these veins and can be used when choosing the most
appropriate operative plan (15, 16).

In addition to the MHV, the UFV and the accessory S4
liver vein drain the hepatic venous blood in S4 of the liver.
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FIGURE 1 | The three-dimensional visualization. (A) UFV (Thick arrow); UFV flowing into the LHV (Thin arrow); (B) UFV (Thick arrow); UFV flowing into the confluence

part of the LHV and the MHV (Thin arrow); (C) UFV (Thick arrow); UFV flowing into the MHV (Thin arrow); (D) accessory S4 hepatic vein (Thick arrow); UFV (Thin

arrow); accessory S4 liver vein flowing into the LHV; (E) accessory S4 hepatic vein (Thick arrow); UFV (Thin arrow); accessory S4 hepatic vein flowing into the

confluence part of the LHV and the MHV; (F) UFV (Thick arrow); accessory S4 hepatic vein (Thin arrow); (G) MHV (Thick arrow); LHV (Thin arrow).
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TABLE 1 | Comparison of different anatomical morphology of hepatic vein and the general data of patients.

Index UFV Accessory S4 liver vein Both a UFV and an

accessory S4 liver vein

Neither a UFV and an

accessory S4 liver vein

P-value

Age 52.3 ± 2.6 51.4 ± 3.1 51.6 ± 2.1 53.7 ± 2.8 >0.05

Gender >0.05

Male 21(48.8) 10(52.6) 8(50.0%) 3(50.0%)

Female 22(51.2) 9(47.4) 8(50.0%) 3(50.0%)

Height (cm) 167.3 ± 5.6 164.8 ± 4.3 165.2 ± 5.2 166.8 ± 3.6 >0.05

Weight (kg) 60.3 ± 4.8 61.4 ± 3.5 59.6 ± 2.4 59.7 ± 2.8 >0.05

Unfortunately, there are very few anatomical studies concerning
these two veins, but 3D visualization technology now offers the
possibility of a large-sample study of them, thereby improving
the safety of hepatectomies and liver transplantations.

The UFV in the ligamentum teres hepatisdrains the S3 and
S4 hepatic veins (1). Some researchers have suggested that the
probability of the occurrence of a UFV is <60%; however, the
present study found that this probability to be 82.7%, which is
much higher than the findings of previous studies. This difference
may be because the previous studies were based on the results of
autopsies, and the small sample size of such studies is likely to
cause selective bias.

In the present study, anS4 branch was found in 97.7% of all
patients with an UFV, which is slightly higher than the reported
93% of previous studies (17–21). It has also been previously
reported that 90% of UFVs flow into the LHV, 7% into the
MHV, and 3% into the LHV–MHV confluence (22). However,
the 3D visualization reconstruction in the present study found
that 79% of UFVs flowed into the LHV, 11.6% into the LHV–
MHV confluence, and 9.3% into the MHV. It was also noted that
the distance between the UFV inlet and the MHV root did not
exceed 1 cm. These results indicate that the occurrence of UFV is
widespread and that, in most cases, the UFV enters the LHV or
the LHV–MHV confluence. Even when the UFV enters theMHV,
it only enters within 1 cm of the root of the MHV. Therefore,
as long as ligation is not performed too close to the root of the
MHV during hepatic surgery, the blood return of the UFV will
not be obstructed.

The accessory S4 liver vein is not the S4 branch of the
MHV but a hepatic vein running alone in S4 of the liver and
eventually flowing into the LHV or the LHV–MHV confluence.
In the 3D visualization conducted in the present study, 36.5%
of the patients were found to have an accessory S4 liver vein,
which suggests that this vein might be common in the general
population. The presence of this vein was also not found to be
related to gender.

In the 52 patients, 16 cases had both UFV and S4, accounting
for 30.8%. Six cases had neither. This indicates thatMHV ligation

will not affect the blood flow in S4 of the liver in most patients—
or at least not cause an overall blood-flow disorder in the hepatic
veins in the segment.

For most patients, the return of the hepatic vein in segment
IV of the liver relies on the other hepatic venous return systems
in addition to on the MHV. Therefore, ligation of the MHV does
not affect the return of blood to segment IV liver.

CONCLUSION

Wing to the maturity and vigorous development of 3D
visualization technology, Great progress has been made in
the anatomical reconstruction of important hepatic ducts. The
anatomy of hepatic vein of segment IV liver scan be accurately
and comprehensively analyzed. This analysis provides a reference
for the precise hepatectomy of S4 of the liver and can
offer sufficient preoperative evaluation for liver transplantation,
thereby improving the safety assessment of hepatic surgery

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

QQ: conception and design of the research. JZhan and JZhao:
acquisition of data and critical revision of the manuscript for
intellectual content. XG and XW: analysis and interpretation of
the data. JZhan and QQ: statistical analysis. XG and XW: writing
of the manuscript. All authors contributed to the article and
approved the submitted version.

ACKNOWLEDGMENTS

We are particularly grateful to all the people who have given us
help on our article.

REFERENCES

1. Holcomb George. Surgical anatomy of the hepatic veins and the inferior vena

cava: S. Nakamura and T. Tsuzuki. Surg Gynecol Obstet. (1981) 16:43–50.

doi: 10.1016/S0022-3468(81)80066-8

2. The Brisbane 2000 Terminology of Liver Anatomy and Resection.

Terminology Committee of the IHPBA. HPB. (2000) 2:333–9.

doi: 10.1016/S1365-182X(17)30755-4

3. Couinaud C, Le foie. Etudes Anatomiques of Chirurgicales. Paris: Masson &

Cie. (1957).

Frontiers in Surgery | www.frontiersin.org 4 August 2021 | Volume 8 | Article 702280

https://doi.org/10.1016/S0022-3468(81)80066-8
https://doi.org/10.1016/S1365-182X(17)30755-4
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Zhang et al. Study of Segment 4 Hepatic Veins

4. Szijártó A, Fujimoto Y, Izumi K, Shinji U. Az élodonoros májtranszplantáció

speciális kérdései [Specific considerations in living-donor liver

transplantation]. Orv Hetil. (2013) 154:1417–25. doi: 10.1556/OH.2013.29698

5. Hertl M, Cosimi AB. Living donor liver transplantation: how can

we better protect the donors? Transplantation. (2007) 83:263–64.

doi: 10.1097/01.tp.0000250676.71656.39

6. Fan ST, Lo CM, Liu CL, Wang WX, Wong J. Safety and necessity

of including the middle hepatic vein in the right lobe graft in adult-

to-adult live donor liver transplantation. Ann Surg. (2003) 238:137–48.

doi: 10.1097/01.sla.0000077921.38307.16

7. Fan ST, De Villa VH, Kiuchi T, Lee SG, Makuuchi M. Right

anterior sector drainage in right-lobe live-donor liver transplantation.

Transplantation. (2003) 75:S25–7. doi: 10.1097/01.TP.0000046618.

44722.BE

8. Lebre MA, Vacavant A, Grand-Brochier M, Rositi H, Abergel A, Chabrot P,

et al. Automatic segmentation methods for liver and hepatic vessels from CT

andMRI volumes, applied to the Couinaud scheme. Comput Biol Med. (2019)

110:42–51. doi: 10.1016/j.compbiomed.2019.04.014

9. Long CZ, Zhao MH. Surgical anatomy of the liver: ideas for a new

segmentation of the liver based on portal vein segmentation. (2012) 48–51.

10. Masatoshi Makuuchi. Key points and blind spots in liver surgery. (2010) 17–8.

doi: 10.1353/abr.2010.0073

11. Zeng N, Fang CH, Fan YF, Yang J, Xiang N, Zhu W, et al. The construction

of three-dimensional visualization platform and its application in diagnosis

and treatment for hilar cholangiocarcinoma. Chin J Surg. (2016) 54:680–5.

doi: 10.3760/cma.j.issn.0529-5815.2016.09.007

12. Chinese Society of Digital Medicine. Complex three-dimensional

visualization of liver cancer expert consensus. Chin J Pract Surg.

(2017) 37:53–59. doi: 10.19538/j.cjps.issn1005-2208.2017.01.18

13. Miura F, Okazumi S, Takayama W, Asano T, Makino H, Shuto K, et al.

Evaluation of CT during arterial portography for preoperative diagnosis of

intrahepatic cholangiocarcinoma. Hepatogastroenterology. (2006) 53:435–7.

14. Digital Medicine Branch of Chinese Medical Association, Liver cancer

Professional Committee of Chinese Medical Doctor Association, Clinical

Precision Medicine Professional Committee of Chinese Medical Doctor

Association, et al. Clinical practice guidelines for precision diagnosis

and treatment of complex liver tumor guided by three-dimensional

visualization technology (version 2019). Chin J Pract Surg. (2019) 39:766–74.

doi: 10.12122/j.issn.1673-4254.2020.03.01

15. Liu YY, Zhang SX, JiangHC, Liang LJ, Fang CH, CaiW, et al. Expert consensus

on three-dimensional visualization and precision treatment of complex liver

tumors. Chin J Pract Surg. (2017) 37:53–9.

16. Tani K, Shindoh J, Akamatsu N, Arita J, Kaneko J, Sakamoto Y,

Hasegawa K, Kokudo N. Venous drainage map of the liver for complex

hepatobiliary surgery and liver transplantation. HPB. (2016) 18:1031–8.

doi: 10.1016/j.hpb.2016.08.007

17. Misawa T, Koike M, Suzuki K, Murai R, Yoshida K, Kobayashi S, et al.

Ultrasonographic assessment of the risk of injury to branches of the middle

hepatic vein during laparoscopic cholecystectomy.Am J Surg. (1999) 178:418–

21. doi: 10.1016/S0002-9610(99)00202-0

18. Kanemura E, Togo S, Shizawa R, Tanaka K, Shimada H. Subdivision of

liver anterior segment into two units according to hepatic venous drainage.

Hepatogastroenterology. (2000) 47:1056–9.

19. Kakazu T, Makuuchi M, Kawasaki S, Miyagawa S, Nakazawa Y,

Kubota T, et al. Reconstruction of the middle hepatic vein tributary

during right anterior segmentectomy. Surgery. (1995) 117:238–40.

doi: 10.1016/S0039-6060(05)80093-5

20. Nakamura S, Sakaguchi S, Hachiya T, Suzuki S, Nishiyama R, Konno H,

et al. Significance of hepatic vein reconstruction in hepatectomy. Surgery.

(1993) 114:59–64.

21. Baird RA, Britton RC. The surgical anatomy of the hepatic veins: variations

and their implications for auxiliary lobar transplantation. J Surg Res. (1973)

15:345–47. doi: 10.1016/0022-4804(73)90099-1

22. Lau YY, Lau XX. The clinical advantage of using three dimensional

visualization technology in hepatic surgery. Zhonghua Wai Ke Za Zhi.

(2016) 54:661–3.

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Zhang, Guo, Qiao, Zhao and Wang. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Surgery | www.frontiersin.org 5 August 2021 | Volume 8 | Article 702280

https://doi.org/10.1556/OH.2013.29698
https://doi.org/10.1097/01.tp.0000250676.71656.39
https://doi.org/10.1097/01.sla.0000077921.38307.16
https://doi.org/10.1097/01.TP.0000046618.44722.BE
https://doi.org/10.1016/j.compbiomed.2019.04.014
https://doi.org/10.1353/abr.2010.0073
https://doi.org/10.3760/cma.j.issn.0529-5815.2016.09.007
https://doi.org/10.19538/j.cjps.issn1005-2208.2017.01.18
https://doi.org/10.12122/j.issn.1673-4254.2020.03.01
https://doi.org/10.1016/j.hpb.2016.08.007
https://doi.org/10.1016/S0002-9610(99)00202-0
https://doi.org/10.1016/S0039-6060(05)80093-5
https://doi.org/10.1016/0022-4804(73)90099-1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

	Anatomical Study of the Hepatic Veins in Segment 4 of the Liver Using Three-Dimensional Visualization
	Introduction
	Methods
	Subjects
	Computed Tomography Scanning
	3D Reconstruction
	3D Visualization Image Analysis
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Acknowledgments
	References


