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Background: The anatomical right posterior sectionectomy (ARPS) is a technically challenging procedure.
We aimed to develop and validate a novel framework of the right posterior section for a safe and tailored
anatomical liver resection (ALR) based on a three-dimensional (3D) simulation system.

Methods: 3D hepatectomy simulations of healthy participants who underwent contrast-enhanced computed
tomography of the upper abdomen were retrospectively reviewed to develop the framework according to
the relationship between the simulated plane determined by the right posterior portal pedicle (RPP) and
the course of the right hepatic vein (RHV) trunk. The framework was validated in the practice of ARPS for
hepatocellular carcinoma (HCC) prospectively.

Results: Scans from 336 eligible participants were assessed. The framework was summarized into four
types: normal, caudal-redundant, cranial-deficient, and combined types, accounting for 43.4% (146/336),
25.3% (85/336), 18.5% (62/336), and 12.8% (43/336) respectively. The caudal-redundant type was associated
with the variable portal branches of the RPP or segment 6 branch across the ventral side of RHV. The
mean aberrant volume proportion in type Ila was significantly greater than that in type IIb (P<0.001), which
were 7.0%+3.5% and 4.4%+1.8% respectively. The cranial-deficient type was associated with the aberrant
segment 7 portal pedicle originating from the right portal trunk or the dorsal portal branch of segment
8 crossing over to the RHV. The median aberrant volume proportion in type Illa was significantly greater
than that in type IIIb (P<0.001), which were 10.9% (8.5-13.3%) and 4.0% (3.0-6.1%), respectively. The
combined type represented a combination of the caudal-redundant type and the cranial-deficient type. The
framework provided instructions on tailored ARPS in 6 patients with HCC by maximizing lesion removal
and functional liver remnant with favorable perioperative outcomes.

Conclusions: Precise preoperative planning with an individualized surgical approach based on our

framework allows safe anatomical liver resections for cases with lesions in the right posterior section.
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Introduction

Current liver surgery has reached a high level of complexity
that requires not only expert skills but also well-integrated
interdisciplinary schemes to achieve optimal outcomes for
patients. Anatomical liver resection (ALR) defined as the
complete removal of the territory supplied by the respective
Glissonean pedicle represents the paradigm of surgical care
that may decrease recurrence risk and improve long-term
survival for patients with benign or malignant hepatobiliary
disease (1-3). Among various types of hepatectomy,
anatomical right posterior sectionectomy (ARPS) is
deemed as a highly specialized and risky procedure in both
laparoscopic and open liver resections owing to the difficulty
in the exposure of the deeply located lesion, isolation of
the targeted Glissonean pedicle, and determination of the
accurate cutting plane during parenchymal transection (4,5).

Hepatic parenchymal transection guided by the
demarcation line after clamping or staining the portal
branches and the signpost venous branches running along
the intersegmental plane is a well-established method for
ALR (1,2). Recently, indocyanine green (ICG) fluorescence
navigation has been adapted for ALRs with persistent,
three-dimensional (3D) parenchymal staining of the target
territory (6). Yet the dissociation between portal territory-
oriented demarcation and the venous trunk-oriented plane
is remarkable, especially in the right lobe (7). Detailed
knowledge of vascular territories and the intersegmental
plane remains the prerequisite for conducting a precise ALR
as well as minimizing complications considering anatomical
complexity and vascular variability of the right posterior
section (8). Fortunately, modern computer-assisted
radiology has made major contributions in visualizing the
portal pedicles and the hepatic veins as well as computing
the number and the volumes of vascular territories that
allow safe and precise liver resections (9,10). Several
studies have reported the biliary vascular anatomy of the
right posterior section, most focusing on the hepatic vein
drainage areas or portal venous variations (11-13). However,
little is known about the portal vein variations related to
the aberrant right intersegmental plane between the right
anterior lobe and the right posterior lobe. We aimed to
reveal the relationship between the aberrant demarcation
of the right posterior portal territory and the portal venous
variation, therefore develop a comprehensive framework
of the right posterior section for ARPS or other alternative
safe ALR based on a 3D hepatectomy simulation system,
and validate its clinical usefulness in a rigorous prospective
manner. We present the following article in accordance
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with the STROBE reporting checklist (available at https://
atm.amegroups.com/article/view/10.21037/atm-22-1105/rc).

Methods
Patients

Healthy participants who underwent triple-phase contrast-
enhanced computed tomography (CECT) of the upper
abdomen between July 2018 and June 2020 at the First
Aftiliated Hospital of Nanjing Medical University (Nanjing,
China) were retrospectively evaluated to propose a unified
framework for ARPS. Exclusion criteria were as follows: (I)
presence of large liver lesion or liver cirrhosis; (II) history
of hepatobiliary surgery; (III) poor image quality; (IV) slice
thickness >1.5 mm. On the other hand, we prospectively
applied the proposed framework to the practice of ARPS
for hepatocellular carcinoma (HCC) between July 2020 and
June 2021. The flowchart of the study design is available
in Figure 1. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The study
protocol was approved by the ethics committee of the First
Affiliated Hospital of Nanjing Medical University (approval
number: 2020-SR-444) and written informed consent was
obtained from all patients.

CECT examination

Triple-phase (arterial-dominant, portal-dominant, and
delayed phases) CECT scans were performed using
a 64-multidetector or 128-multidetector CT scanner
(SOMATOM Definition or SOMATOM Definition AS+,
Siemens Medical Solutions, Forchheim, Germany) with
the following parameters: 120 kV; 180 mAs; 0.5s rotation
time; 32x1.2 mm collimation; 350x350 mm field-of-view;
a 512x512 matrix; a slice thickness of 0.75-1.5 mm; a
reconstruction interval of 0.75-1.5 mm. After intravenous
administration of non-ionic iodinated contrast (Ultravist;
300 mgl/mL, Bayer Schering Pharma AG, Berlin, Germany)
with a dose of 1.5 mL/kg and an injection rate of 3.0-4.0 mL/s,
arterial- and venous-phase scans were acquired at 15 and
50 s after enhancement of the descending aorta to 100 HU,
respectively. Delayed-phase scans started at a delay of 180 s
after the acquisition of venous-phase scans.

3D simulation and framework

CECT data were saved in Digital Imaging and
Communications in Medicine (DICOM) format and then
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Patients with no liver disease who underwent triple-phase
CECT of the upper abdomen between July 2018 and June 2020

(n=383)

Participants excluded (n=47)
e History of hepatobiliary surgery (n=2)
® Low-quality CT images (n=30)
e | ayer thickness >1.5 mm (n=15)

y

Eligible participants enrolled for the proposal of morphological

framework
(n=336)

A

Morphological framework of the right posterior section

A

3D simulation system

Prospective validation of the clinical utility of the framework

between July 2020 and June 2021
(n=6)

Figure 1 Flowchart of study design. CECT, contrast-enhanced computed tomography; DICOM, Digital Imaging and Communications in

Medicine; 3D, three-dimensional.

transferred to Hisense computer-assisted surgery system
(Hisense, Qingdao, China). 3D image processing was in a
semi-automatic manner and consisted of the following steps:
(I) automatic generation of the original 3D model based on
uploaded CECT data; (II) manual modification of the liver
contour as well as the portal and hepatic venous system by
successive review of venous-phase images; (I1I) automatic
integration of modified components to create the final 3D
model; (IV) tailored calculation and visualization of the
vascular perfusion or drainage territory based on volume-
rendered hepatic vessels; (V) virtual ARPS simulation.
All procedures were performed by a junior hepatobiliary
surgeon (FZ with 2 years of experience in hepatobiliary
surgery and imaging) under the supervision of a senior
hepatobiliary surgeon (GJ with 8 years of experience in
hepatobiliary surgery and imaging).

The integrated 3D images were viewed at various angles
on the simulation workstation to examine the ramification
pattern of the right posterior portal vein as well as the right
hepatic venous system variation. The spatial relationship
between the simulated transection plane determined by the
right posterior portal territory (RPPT) and the course of
the right hepatic vein (RHV) trunk was recorded to develop

© Annals of Translational Medicine. All rights reserved.

the framework. Note that the RPP refers to the RPP trunk
or the bifurcation of segment 6 and 7 portal pedicles if there
is no RPP trunk (13).

Statistical analysis

Continuous variables were presented as mean = SD or
median (Q1-Q3), where appropriate. Categorical variables
were reported as frequencies with percentages unless
otherwise indicated. Statistical analyses were performed
with Student’s #-test and Man-Whitney U test, where
appropriate. Aberrant volume proportion was defined as
the proportion of the aberrant liver volume to the total
liver volume. Statistical analysis was performed using SPSS
statistical software (version 26.0, SPSS Inc., Chicago, IL,
USA) and a two-sided P<0.05 was considered statistically
significant.

Results

A total of 336 eligible participants who met the study criteria
were enrolled for the proposal of the conceptual framework
of the right posterior section. There were 167 men
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Table 1 Morphological types of the right posterior section in virtual resections

Type

Description

Quantity (percentages)

Type I: normal type
of the RHV trunk

Type II: caudal-redundant type The intersegmental border determined by the RPPT protrudes caudal-laterally
against the course of the RHV trunk

Type lll: cranial-deficient type  The intersegmental border determined by the RPPT sinks cranial-laterally
against the course of the RHV trunk

Type IV: combined type

The intersegmental border determined by the RPPT coincides with the course

The intersegmental border determined by the RPPT protrudes caudal-laterally

146 (43.4)

85 (25.3)

62 (18.5)

43 (12.8)

and sinks cranial-laterally against the course of the RHV trunk

RPPT, right posterior portal territory; RHV, right hepatic vein.

and 169 women with a median age of 59 (48-67) years.
Among the 336 cases, 281 (83.6%) showed a typical
Couinaud scheme, in which the RPP trunk divides into third-
order branches for the right posterior section and the RHV
drains the right posterior section, and 55 (16.4%) had no
RPP trunk.

Morphological framework of the right posterior section

According to the dissociation between the intersegmental
border determined by the RPPT and the course of the RHV
trunk, the morphological framework of the right posterior
section was summarized into four types (Zable 1 and Figure 2).
The normal (type 1), caudal-redundant (type II), cranial-
deficient (type III), and combined (type IV) types accounted
for 43.4% (146 of 336), 25.3% (85 of 336), 18.5% (62 of
336) and 12.8% (43 of 336) of the total, respectively.

In type II (caudal-redundant type), the caudal part of
the simulated transection plane determined by the RPPT
was dissociated with the course of the RHV trunk, tilting
toward the ventral direction, while the cranial part almost
coincided with the course of the RHV trunk. Two subtypes
of portal venous variation were observed (Figure 34,3B):
(D type I1a (59 of 85, 69.4%): the segment 6 portal branch
(P6) running across the ventral side of RHV, defined as
Ventral-P6 by Yamamoto ez /. (14); (II) type IIb (26 of
85, 30.6%): a distal portal branch of P6 running across
the ventral side of RHV. In type Ila configuration,
single Ventral-P6 that originated near the hepatic hilum
accounted for 94.9% (56 of 59). Two aberrant Ventral-P6
branches that one originated near the hepatic hilum and
the other located away from the hepatic hilum, accounted
for 5.1% (3 of 59). Unfortunately, the deep-located
variable portal branches, either the second Ventral-P6 or

© Annals of Translational Medicine. All rights reserved.

the distal branch of P6, were less likely and risky to be
preserved. The mean aberrant liver volume of type Ila
was 88.3x44.3 mL, larger than that of type IIb (P<0.001),
which was 58.4+£25.1 mL. The Student’s #-test revealed
that the mean aberrant volume proportion in type Ila was
significantly greater than that in type IIb (P<0.001), which
were 7.0%%3.5% and 4.4%+1.8%, respectively.

In type III (cranial-deficient type), the cranial part of
the simulated transection plane determined by the RPPT
was dissociated with the course of the RHV trunk, tilting
toward the dorsal direction, while the caudal part coincided
with the course of the RHV trunk. Two subtypes of portal
venous variation were observed (Figure 3C,3D): (I) type Illa
(23 of 62, 37.1%): a segment 7 portal pedicle originating
from the trunk of the right portal vein(RP), defined as
RP-7; (II) type IIIb (39 of 62, 62.9%): the dorsal portal
branch of segment 8, defined as P8c by Takayasu ez a/. (15),
crossed over to the RHV without type I1la variation. Note
that 17.4% (4 of 23) of type IIla cases were accompanied
by type IIIb variation. Compared to the deep-located
P8¢, the RP-7 pedicle is easier to be controlled near the
hepatic hilum. The median aberrant volume of type IIla
was 126.45 (104.43-173.25) mL, larger than that of type
IIIb (P<0.001), which was 53.7 (37.3-87.9) mL. Man-
Whitney U test revealed that the median aberrant volume
proportion in type IIla was significantly greater than that
in type IIIb (P<0.001), which were 10.9% (8.5-13.3%) and
4.0% (3.0-6.1%), respectively.

Type IV (combined type) represented a combination of
type II and type III, accounting for 12.8%. It was further
classified into four subtypes (Figure 4): (I) type IVa (7.0%, 3
of 43): type ITa + ITa; (IT) type IVb (34.9%, 15 of 43): type
ITa + IIb; (1) type IVc (16.3%, 7 of 43): type IIb + ITTa; (IV)
type IVd (41.8%, 18 of 43): type IIb + IIIb.
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Type Ill: 18.5% (62/336)
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Type II: 25.3% (85/336)

Type IV: 12.8% (43/336)

Figure 2 Morphological framework of the right posterior section. (A) Normal type (type I): the intersegmental border determined by the
RPPT coincides with the course of the RHV trunk; (B) Caudal-redundant type (type II): the intersegmental border determined by the
RPPT protrudes caudal-laterally against the course of the RHV trunk; (C) Cranial-deficient type (type III): the intersegmental border
determined by the RPPT sinks cranial-laterally against the course of the RHV trunk; (D) Combined type (type IV): Type II + III. Note that
the white dotted line indicates the course of the RHV trunk. The pink region represents the RPP-oriented territory, and the blue region

represents the future liver remnant. RPPT, right posterior portal territory; RPP, right posterior portal pedicle; RHYV, right hepatic vein.

Tailored surgical strategies according to the framework of
the right posterior section

To achieve RO resection and spare more functional liver
parenchyma, a tailored surgical procedure is necessary for
safe ALR according to the morphological framework of
the right posterior section (Figure 5). ARPS oriented by
the RPPT ought to be performed in cases with enough
lesion margin and functional liver remnant, no matter
the morphological types. To achieve RO resection, ARPS
combined with dorsal subsegment 8 (S8d) resection
oriented by the RPPT in the caudal part and the course
of RHV in the cranial part is recommended for cases with
poor lesion margin in type III and type IV. To maximize
the functional liver remnant, parenchyma-sparing ARPS by

© Annals of Translational Medicine. All rights reserved.

reserving the variable Ventral-P6 is suitable for cases with
poor liver function in type II and type IV. Parenchyma-
sparing ARPS combined with S8d resection instead of
ARPS is recommended for type IV cases with poor cut
margin and poor liver function.

Validation of the conceptual framework

A total of 6 consecutive patients with lesions in the right
posterior section who underwent tailored ALR under the
guidance of 3D simulation and the proposed conceptual
framework were prospectively enrolled during the study
period. There were 5 males and 1 female, with an average
age of 61.3x12.2 years. All patients were of Child-Pugh

Ann Transl Med 2022;10(16):852 | https://dx.doi.org/10.21037/atm-22-1105
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Type lla: 69.4% (59/85)

Type llla: 37.1% (23/62)
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B

Type lib: 30.6% (26/85)

Type lllb: 62.9% (39/62)

Figure 3 Schematic diagram of portal pedicle variations in the framework. (A) Type Ila: caudal-redundant type with Ventral-P6 crossing

over to the RHV; (B) type IIb: caudal-redundant type with the variant distal portal branch of P6; (C) type IIla: cranial-deficient type with
RP-7; (D) type IIIb: cranial-deficient type with P8c crossing over to the RHV. Note that aberrant portal branches of type II and type III

are highlighted in orange and green. P6, portal pedicle of segment 6; Ventral-P6, the aberrant P6 running across the ventral side of RHYV;

RP-7, the aberrant portal branch of segment 7 originated from the right portal vein; P8¢, dorsal portal branch of segment 8; RHV, right

hepatic vein.

grade A and ICG-R15 <10%. ICG fluorescence imaging
was utilized in 4 patients who underwent laparoscopic
tailored ALR. Table 2 provides details of baseline
characteristics and surgical outcomes of all HCC patients.
Complete tumor removal (RO resection) was achieved
in all patients with a median tumor-free margin of
17.5 (6.5-25.5) mm. The average operation time was
303.7£116.2 min. The average blood loss was 509.2+179.2 mL,
and 3 cases accepted blood transfusion. The mean
postoperative hospital stay time was 10.5+4.2 days. Minor
complication (pulmonary infection) that was transient
and improved with conservative treatments occurred in 1
patient; there were no postoperative 90-day deaths. The
proposed framework provided instructions on tailored

© Annals of Translational Medicine. All rights reserved.

ALR for HCC by maximizing tumor removal as well as
maximizing functional liver remnant (Table 2).

One exemplar case report is presented in Figure 6. We
performed a tailored laparoscopic parenchyma-sparing
RPS combined with S8d resection for a 54-year-old man
with recurrent HCC in the right posterior section and
type IVDb variant using anterior approach technique and
RHV-orientation based on ICG fluorescence imaging.
Detailed patient characteristics are summarized in Video S1
(supporting information).

Discussion

Liver transection along the intersegmental borders of

Ann Transl Med 2022;10(16):852 | https://dx.doi.org/10.21037/atm-22-1105
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A

Type IVa: 7.0% (3/43)

Type IVc: 16.3% (7/43)
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Type IVb: 34.9% (15/43)

Type IVd: 41.8% (18/43)

Figure 4 Schematic diagram of portal pedicle variations in type IV. (A) Type IVa: type I1a combined with type Illa; (B) type IVb: type
ITa combined with type IIIb; (C) type IVe: type IIb combined with type IIla; (D) type IVd: type IIb combined with IIIb. Aberrant portal

branches of type II and type III are highlighted in orange and green.

the liver is an essential technique for ALR. Systematic
removal of the target portal territory and exposure of the
landmark vein on the transection plane are two established
determinants that indicate a precise ALR (7). Parenchymal
transection guided by the demarcation line after clamping
of the RPP and the plane of RHV was a standardized
surgical procedure for ARPS. Nevertheless, right posterior
portal branches vary considerably and the RHV does not
always run along the right intersectional plane (16,17).
In this study, we demonstrated that the transection plane
determined by the RPPT was dissociated with the plane of
RHV in approximately 60% of the present cases. Thereafter,
the problem is how to define the precise direction and
course of parenchymal transection in these dissociated cases,
especially in the era of real-time fluorescence navigation
with ICG for liver surgery (18). To resolve this issue, we
herein proposed a novel comprehensive framework of the

© Annals of Translational Medicine. All rights reserved.

right posterior section for tailored and safe ALR based on
a 3D simulation system, and classified the dissociation into
three variants: caudal-redundant (type II), cranial-deficient
(type IIT), and combined (type IV) variants.

In type II (caudal-redundant type), part of segment 6
tilted toward the ventral side of RHV after clamping or
staining of the RPP. In the authors’ series, the aberrant
Ventral-P6 (type Ila) or the distal portal branch of P6
running across the ventral side of RHV (type IIb) accounted
for approximately 70% and 30% of this variant, respectively.
Several clinical and surgical implications favor the thorough
understanding of the type II variant. Firstly, almost all of the
Ventral-P6 ramifies from the RPP near the hepatic hilum
(type Ila). It can be easily approached and preserved after
minor parenchymal transection along the RPP at the level
of Rouviere’s sulcus. However, the deep-located Ventral-P6
in type Ila and the distal portal branch of P6 in type 1Ib can

Ann Transl Med 2022;10(16):852 | https://dx.doi.org/10.21037/atm-22-1105
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RPPT-oriented ARPS

ARPS + S8d resection
(oriented by RHV in cranial part)

Parenchymal-sparing ARPS
(preserving the variable Ventral-P6 in caudal part)

Parenchymal-sparing ARPS + S8d resection
(preserving the variable Ventral-P6 in caudal part
and oriented by the RHV in cranial part)

Type Il

Zhang et al. A comprehensive framework of the right posterior section

Figure 5 Tailored surgical strategies according to the framework of the right posterior section. Note that the white dotted line indicates

the demarcation plane oriented by the RPPT and the red dotted line represents the course of the RHV trunk. RPPT, right posterior portal

territory; RHYV, right hepatic vein; ARPS, anatomical right posterior sectionectomy; S8d, dorsal subsegment 8; Ventral-P6, the aberrant P6

running across the ventral side of REIV.

scarcely be approached and preserved (19). Moreover, the
mean volume proportion supplied by Ventral-P6 in type
ITa was up to 7.0%, significantly greater than that in type
IIb (P<0.001). Accordingly, the RPP should be transected
after meticulous dissection with preserving the Ventral-P6
in type Ila to spare more liver parenchyma for cases with
poor liver function. Secondly, the anterior approach, in
which the parenchymal transection is undertaken prior to
the mobilization of the right liver, represents a superior
surgical strategy that minimizes mechanical manipulation of
tumor-bearing liver and potentially reduces hematogenous
dissemination of tumor cells as compared with the
conventional approach in right hepatectomy (20). However,
full mobilization and medial rotation of the right liver have
been the conventional or standard approach that allows
access to the dorsolaterally located ischemic demarcation.
So, the application of anterior approach surgical technique

© Annals of Translational Medicine. All rights reserved.

has rarely been described in ARPS (21). We have
emphasized that the caudal part of the RPPT-oriented
transection plane is ventrally tilted against the course of the
RHV trunk in type II. Therefore, the type II variant allows
for parenchymal transection from the caudal to the cranial
side with peripheral-to-central dissection before the right
liver is mobilized, and represents an anatomical hallmark
for the use of anterior approach technique in ARPS.

A possible dissociation between the cranial part of the
RPPT-oriented transection plane and the course of the RHV
trunk (cranial-deficient variant, type III) has been mentioned
in a few articles (7,22). We demonstrated two subtypes
of portal pedicle variation in type III that required ARPS
or other alternative tailored ALR as shown in Figure 5.
The aberrant RP-7 (type Illa) or the P8c crossing over
to the RHV (type IIIb) accounted for approximately 40%
and 60% of this variant, respectively. It was reported by

Ann Transl Med 2022;10(16):852 | https://dx.doi.org/10.21037/atm-22-1105
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Figure 6 Tailored laparoscopic ARPS combined with S8d resection for recurrent hepatocellular carcinoma in a patient with type IVb
variant. (A) Preoperative CECT revealed the tumor in segment 7 (orange bold arrow). (B,C) Preoperative 3D simulation showed type
IVb variant. The RPPT (pink region) failed to cover the whole tumor between segment 7 and segment 8. Aberrant Ventral-P6s (type Ila
variation) that one originated near the hepatic hilum (white arrow) and the other located far away from the hepatic hilum (black arrow),
combined with P8c (yellow arrow) crossing over to the RHV (type IIIb variation), were noted. Tailored transection plane of parenchyma-
sparing ARPS combined with S8d resection (black dotted line) was simulated after preserving the first Ventral-P6 that originates near the
hepatic hilum (white arrow). (D) The root of RPP was exposed by blunt dissection after preserving the first Ventral-P6 (white arrow) at
the level of Rouviere’s sulcus. The second ventral-P6 was dissected for fear of postoperative ischemia. (E,F) Intraoperative ICG stain was
identical to preoperative 3D simulation. Negative counterstaining of partial segment 6 fed by the second Ventral-P6 allowed for precise
liver parenchyma transection before mobilizing the right liver. Note that the white dotted line indicates the course of the RHV trunk.
ARPS, anatomical right posterior sectionectomy; S8d, dorsal subsegment 8; CECT, contrast-enhanced computed tomography; 3D, three-
dimensional; type IV: type Ila combined with type IIIb; RPPT, right posterior portal territory; Ventral-P6, the aberrant portal pedicle of
segment 6 running across the ventral side of RHV; P8¢, dorsal portal branch of segment 8; RHYV, right hepatic vein; RPP, right posterior
portal pedicle; ICG, indocyanine green.

Province (No. BK20210968), and Social Development
Projects of Jiangsu Province (No. BE2020708).

of four morphological types based on a 3D simulation
system. Precise preoperative planning accompanied by an
individualized surgical approach based on the proposed
framework allows tailored territorial liver resections
that enhance the safety and accuracy of ARPS or other
alternative ALR.
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Supplementary

Venous phase

Video S1 RHV-oriented laparoscopic parenchyma-sparing
anatomical right posterior sectionectomy combined with S8d

resection.
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