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underreported. Focusing upon right anterior sectionectomy (H58) and central bisec-

Methods: We retrospectively reviewed patients who underwent H58 or H458 in
our hospital between April 2008 and June 2023 (n=58). We conducted univariate
and multivariate analysis of risk factors of postoperative biliary complications among
perioperative factors and anatomical factors including the branching type of the right
posterior hepatic duct (RPHD) and the length of the right hepatic duct (RHD).
Results: Twenty-six patients (44.8%) had postoperative biliary complications. Potent
risk factors in univariate analysis were the tumor proximity to the right anterior
Glissonean branch and longer RHD (both P <0.01). In multivariate analysis, longer
RHD was the only independent risk factor and its hazard (95% confidence interval [Cl]
was 1.19 (1.05-1.35). Receiver operating characteristics curve (ROC) analysis and the
area under the ROC showed that 10mm was the optimal cutoff value with high dis-
criminatory power (0.72). Considering intraoperative procedures of the right anterior
segment Glissonean branch dissection, mass ligation at the second-order branch had
marginal risk, especially in patients with RHD >10mm; its hazard (95% Cl) was 5.83
(0.95-35.7).

Conclusion: Anatomical factors of RPHD and RHD influenced postoperative biliary
complications in this cohort. The supraportal with RHD type was most common anat-

omy but considered to be hazardous if the RHD was >10 mm.
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1 | INTRODUCTION

In liver surgery, postoperative biliary complications often prolong
postoperative hospital stays and require additional interventions for
management. Severe situations can become fatal.13

Patient-based risk factors for postoperative biliary complica-
tions include old age, lower body mass index (BMI), Child-Pugh B
liver functional status, and history of preoperative chemotherapy.
Also, certain types of major liver resection have been reported as
high-risk procedures for postoperative biliary complications; for ex-
ample, central bisectionectomy or right anterior sectionectomy.?*>
According to a nationwide survey based in Japan, compared with
7.2% in the overall cohort, there were higher incidences of postop-
erative biliary complications in these two procedures: 20% for cen-
tral bisectionectomy and 11.3%, for right anterior sectionectomy.5
These procedures will be summarized as procedures requiring broad
exposure of the hilar Glissonean sheath, and this might be a cause
of postoperative biliary complications.® However, there is a lack of
studies of these high-risk hepatectomy procedures with proper con-
sideration of the biliary anatomical aspects in relation to postopera-
tive biliary complications.7 This study therefore aimed to investigate
the risk factors of postoperative biliary complications with respect
to anatomical aspects, tumor situation, and surgical procedures
among high-risk hepatectomy procedures for postoperative biliary

complications.

2 | METHODS

2.1 | Study design

The protocol for this retrospective observational study was approved
by the Wakayama Medical University Research Ethics Committee
and it conforms to the provisions of the Declaration of Helsinki. The
institutional approval number was #3612. The Wakayama Medical
University Research Ethics Committee waived the requirement for
informed patient consent. Instead, an opt-out approach was used to
obtain consent to participation. We reviewed the clinical records of
patients who underwent central bisectionectomy or right anterior
sectionectomy without biliary reconstruction in our hospital be-
tween April 2008 and June 2023.

2.2 | Data collection and definition

We recorded the following preoperative parameters: age, ASA sta-
tus, BMI, albumin (g/dL), prothrombin time (%), total bilirubin (mg/
dL), tumor diagnosis (hepatocellular carcinoma/metastatic tumor/
intrahepatic, cholangiocarcinoma/gallbladder carcinoma), maximum
tumor size (cm), tumor proximity to the right anterior Glissonean
pedicle (yes/no), anatomical variation of the right hepatic bile duct,®
length of the right main hepatic duct (RHD, mm), liver resection types
(right anterior sectionectomy; H58, central bisectionectomy; H458)
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the type of procedures when cutting the right anterior Glissonean
branch (mass ligation at second-order branch/individual ligation
at third-order branches), use of a stapler device when cutting the
right anterior Glissonean branch (yes/no), performance of bile leak
test (yes/no), intraoperative bile duct suture repair (yes/no), operat-
ing time (min), blood loss (mL), postoperative biliary complications
(yes/no), the Clavien-Dindo classification grade,10 and the length of
postoperative hospital stay (days). We defined bile leakage, bile duct
stricture, and formation of biloma as postoperative biliary compli-
cations. Bile leakage was confirmed according to the International
Study Group of Liver Surgery guidelines.*! Postoperative bile duct
stricture and biloma formation were confirmed by computed tomog-
raphy (CT) or magnetic resonance imaging (MRI) 7d postoperatively
and again at around 6 mo postoperatively. Their severity was evalu-
ated by Clavien-Dindo classifications.! In this study, all grades of
severity were recorded as outcome events.

To assess anatomical variation of the right hepatic duct branches,
our hospital routinely performed a preoperative MRI study, so we
used hepatocyte images of gadoxetate disodium (Primovist, Bayer
Yakuhin, Osaka, Japan) enhanced MRI or magnetic resonance chol-
angiopancreatography images. Patients who did not undergo MRI
were therefore excluded from our analysis. To classify the RPHD
variation, the criteria reported by Ohkubo et al were used in this
study as follows: supraportal type with RHD (type A), supraportal
type without RHD (type B; trifurcation type, type C; RPHD jointing
left hepatic duct type), infraportal type with RHD (type D), infra-
portal type without RHD (type E) (Figure 1).8 The RHD length was
measured between bifurcation of the common hepatic duct and the
right posterior hepatic duct branch (RPHD).” In case of RHD absent
anatomy type (types B, C, and E), the length was defined as Omm.
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FIGURE 1 Variation of right posterior hepatic duct anatomy. (A)
Supraportal type with right hepatic duct; type A. (B) Supraportal
type without right hepatic duct (trifurcation type); type B. (C)
Supraportal type without right hepatic duct (RPHD jointing left
hepatic duct type); type C. (D) Infraportal pattern with RHD; type
D. (E) Infraportal type without RHD; type E. Other combined types
or rare branching types were excluded from this cohort.
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Regarding tumor proximity to the right anterior Glissonean
branch, we defined it as nearly in contact with the root of the right
anterior Glissonean branch (<3 mm). Values of albumin, bilirubin, and
prothrombin time were binarized based on cutoff values of 3.5g/dL,
2.0mg/dL, and 80%, respectively.

2.3 | Statistics

Continuous values were expressed as median (25th and 75th per-
centiles). Statistical significance was determined by a two-sided
Mann-Whitney U test for continuous variables. Categorical vari-
ables were evaluated by a two-sided chi-squared test or Fisher's
exact probability test, as appropriate.

In evaluating risk factors for postoperative biliary complica-
tions, we performed univariate and multivariate logistic regression
analysis. Variables with P <0.1 by univariate analysis were consid-
ered potent risk factors and were entered into multivariate analysis.
Moreover, receiver operating characteristic (ROC) curve analysis
was added for significant continuous risk variables. The area under
the ROC curves (AUROC) were calculated and the optimal cutoff
value was determined according to the Youden index. Selected risk
variables were scored and a Cochran-Armitage test was performed
to assess for the presence of trend association between risk scores
and incidence of biliary complications. Regarding prognostic analy-
sis, disease-free survival was evaluated in patients with and without
biliary complications by the Kaplan-Meier method and the differ-
ence was estimated by a log-rank test. All P values were two-tailed
and P <0.05 was considered statistically significant. All analyses
were performed using JMP Pro 16 (SAS Institute, Cary, NC, USA).

3 | RESULTS

During the surveyed period, 69 patients underwent H58 or H458. Of
them, 11 patients were excluded from analysis due to biliary tumor

thrombus requiring biliary duct repair or reconstruction (n=3),

Supraportal type

lack of MRI study (n=>5), or due to rare biliary duct anomaly, such
as a right-sided round ligament (n=3). As a result, 58 patients who
underwent H58 (n=33) and H458 (n=25) were enrolled in analysis.
Among these patients, there were 15 bile leakages, 12 postoperative
RPHD strictures, and we observed 15 biloma formations. Twenty-
four patients (41.4%) had these biliary complications. As for severity,
Grade 3 or more biliary complications were observed in 14 patients
(24.1%) (Table 1).

3.1 | Distribution of anatomical patterns of right
posterior hepatic duct branching

The relationships between the RPHD anatomy and incidence of bil-
iary complications are shown in Table 1. The most common anatomy
was type A (n=39, 67.2%) followed by type B (n=9, 15.5%), type
C (h=5, 8.6%), type E (n=4, 6.9%), and then type D (n=1, 1.7%).
Regarding the RHD length, the median value was 12.0mm among
those with type A anatomy. Among the 24 patients who had postop-
erative biliary complications, 19 had type A anatomy (79.2% of those

with complications).

3.2 | Baseline characteristics of patients with and
without postoperative biliary complications

Baseline characteristics of this cohort are shown in Table 2. The
most common disease in this cohort was hepatocellular carcinoma
(n=37), followed by colorectal liver metastasis (n=13), intrahe-
patic cholangiocarcinoma (n=6), and gall bladder cancer (n=2).
As for tumor location, 25 patients (43.1%) had a tumor proximal
to the right anterior Glissonean branch. Liver function was well
preserved and all patients had Child-Pugh grade A liver functional
status. There were significant differences between patients with
and without postoperative biliary complications in tumor prox-
imity, RPHD branching type, presence of RHD, RHD length, and

postoperative hospital stays.

TABLE 1 Anatomical patterns of right

Inf tal t . . .
Ll posterior hepatic duct branching and

RHD+ RHD- RHD+ RHD- biliary complications.
Anatomy of RPHD Type A Type B Type C Type D Type E
Number of patients 39 9 5 1 4
RHD length, mm 12.0(7.0, 0 0 12.0 0
15.0)
Patients with biliary 19 4 0 1 0
complications
RPHD stricture 9 2 0 1
Bile leakage 12 2 0 1
Biloma formation 10 4 0 1

Abbreviations: RHD, right hepatic duct; RPHD, right posterior hepatic duct.
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TABLE 2 Baseline characteristics of patients in our cohort with and without postoperative biliary complications.

Age, years old

Gender, male/female

ASA physical status, 3/2 and 1

BMI, kg/m?

Albumin, g/dL >/<3.5g/dL

Total bilirubin, mg/dL </22mg/dL
Prothrombin time, >/<80%

Child-Pugh grade, A/B

Diagnosis, HCC/Met/ICC/GBCa

Tumor size, cm

Tumor proximity, yes/no

RPHD branching type®, type A/B/C/D/E
Supraportal type, yes/no

RHD, +/-

RHD length, mm

Surgical procedures, H458 /H58
Abdominal approach, laparoscopic/open

Dissecting procedures of the right anterior Glissonean branch,
mass ligation at second-order branch/ individual ligation at
third-order branches

Use of a stapler device during cutting the right anterior
Glissonean branch, yes/no

Bile leakage test, yes/no
Intraoperative bile duct repair, yes/no
Operating time, min

Blood loss, mL

Postoperative hospital stays, days

- WILEY- L

With postoperative biliary Without postoperative

complications (n=24) biliary complications (n =34) P Value
74 (67, 80) 70 (66, 76) 0.27
16/8 26/8 0.41
7/17 5/29 0.18
22.7 (19.5, 24.1) 22.3(20.6,24.7) 0.97
21/3 32/2 0.64
24/0 34/0

19/5 33/1 0.72
24/0 34/0 NE
17/4/3/0 20/9/3/2 0.47
6.1 (3.0, 10.0) 5.0 (4.0, 6.6) 0.27
15/9 10/24 0.01
19/4/0/1/0 20/5/5/0/4 0.02
23/1 30/4 0.39
20/4 20/14 0.08
12(7,17) 5(0, 11.6) <0.01
11/13 14/20 0.72
1/23 3/31 0.34
21/3 23/11 0.12
10/12 14/22 0.62
18/6 23/11 0.54
14/10 12/22 0.08
388 (325, 539) 399 (343, 454) 0.75
518 (309, 867) 405 (165, 1119) 0.36
22(13,42) 13 (11, 1¢6) <0.01

Abbreviations: BMI, body mass index; HCC, hepatocellular carcinoma; Met, metastatic liver tumor; ICC, intrahepatic cholangiocarcinoma; GBCa, gall
bladder carcinoma; RPHD, right posterior hepatic duct; RHD, right hepatic duct; NE, not estimated.

Defined by Ohkubo et al.®
PDefined by Nagino et al.?

3.3 |
complications

Risk factor analysis of postoperative biliary

3.4 | Relationship between the type of

procedures in cutting the right anterior Glissonean
branch and postoperative biliary complications in

Univariate and multivariate risk factor analysis of postoperative bil-
iary complications are shown in Table 3. In univariate analysis, longer
RHD length (P <0.01), and tumor proximity to the right anterior
Glissonean pedicle (P =0.01) were selected as significant risk fac-
tors. Multivariate analysis revealed that longer RHD length was the
only independent risk factor, its hazard (95% confidence interval, Cl)
was 1.19 (1.05-1.35). Next to it, although without significance, mass
ligation at the second-order branch had a marginal risk and its haz-
ard (95% Cl) was 6.29 (0.84-46.9). To optimize the hazardous RHD
length for biliary complications, we performed ROC curve analysis
(Figure 2). The AUROC was 0.78, and the optimal cutoff value was
determined to be 10mm.

high-risk situations

Dissection procedures of the right anterior Glissonean branch could
be a possible contributing factor that can be intervenable during
surgery. Mass ligation at the second-order branch had marginal risk
for biliary complications, so we compared the incidence of biliary
complications between these two procedures under the high-risk
situation (RHD > 10mm).

Among patients with RHD > 10 mm (n=26), postoperative biliary
complications were observed in 14 of the patients (77.8%) who un-
derwent mass ligation at the second-order branch. Three patients

(37.5%) underwent individual ligation at third-order branches (P
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TABLE 3 Risk factor analysis of postoperative biliary complications.

Variable

Age, per lyear

Gender, male/female

ASA, 3/2,1

BMI, per 1kg/m?

Albumin, </>3.5g/dL
Prothrombin time, </>80%
Tumor size, per 1cm

Tumor proximity, yes/no
Supraportal type, yes/no

RHD length, per 1mm

Surgical procedures, H458/H58%
Abdominal approach, laparoscopic/open

Dissecting procedures of the right anterior Glissonean branch, mass
ligation at second-order branch/individual ligation at third-order
branches

Intraoperative bile leakage test, yes/no
Bile duct repair suture, yes/no
Operating time, per 1h

Blood loss, per 100mL

UENO ET AL.
Univariate Multivariate
Hazards (95% Cl) P Value Hazards (95% Cl) P Value
1.02(0.97-1.07) 0.41
0.62 (0.19-1.97) 0.41
2.39 (0.65-8.71) 0.18
1.04 (0.92-1.19) 0.49
2.29 (0.07-2.84) 0.38
8.68(0.94-79.9) 0.06 8.91(0.71-111.9) 0.09
1.15(0.99-1.33) 0.06 1.06 (0.85-1.32) 0.59
4.00(1.32-12.1) 0.01 2.08 (0.48-8.95) 0.33
3.07 (0.32-29.3) 0.33
1.15 (1.05-1.27) <0.01 1.19 (1.05-1.35) <0.01
1.21(0.42-3.47) 0.72
0.45 (0.04-4.60) 0.50
3.34(0.82-13.7) 0.09 6.29 (0.84-46.9) 0.07
1.43(0.45-4.62) 0.55
2.56(0.88-7.51) 0.09 0.89 (0.20-4.03) 0.89
1.12 (0.86-1.45) 0.40
1.67 (0.10-27.9) 0.72

Abbreviations: BMI, body mass index; Cl, confidence interval; RHD, right hepatic duct.

aDefined by Nagino et al.?
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Sensitivity
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FIGURE 2 Receiver operating characteristics curve between
right hepatic duct length and postoperative biliary complications.

=0.08 by Fisher's exact test). In that situation, the risk ratio (95% Cl)
of mass ligation at the second-order branch on postoperative biliary
complications was 5.83 (0.95-35.7).

Additionally, we assessed the influence of the use of a stapling
device on biliary complications when cutting the right anterior
Glissoenan pedicle. There were 22 patients with a stapler device

used for cutting, while other patients underwent ligation and cut
(n=33) or cut and hand-sewn suture (n=3). In most of the patients
in whom a stapler device was used, there was mass ligation at the
second-order branch (n=21). Among the patients with mass ligation
(n=44), the incidence of biliary complications with a stapler device
was 47.6% (10/21) and 47.8% (11/23) without the use of a stapler
device (P =0.99). The use of a stapler device did not therefore influ-
ence biliary complications during mass ligation of the right anterior
Glissonean pedicle.

However, focusing on the biliary stricture in patients with
RHD > 10mm (n=26), its incidence with or without a stapler device
was 61.5% (8/13) or 7.7% (1/13), respectively (P <0.01). In patients
with RHD <10mm, it was 0% with a stapler device (0/9) and 13%
without a stapler device (3/23) (P =0.54).

3.5 | Prognostic outcomes in patients with and
patients without biliary complications

Disease-free interval was estimated in patients with and without bil-
iary complications (Figure 3A). There were no significant differences
between the two groups. The median disease-free survival periods
(95% CI) were 10.8 (4.7-34.1) and 10.8 (5.4-29.8) mo in patients with
and without biliary complications, respectively (P =0.99). Regarding
overall survival (Figure 3B), median survival periods (95% Cl) were 42.4
(17.7-88.0) and 44.2 (26.5-not reached) mo, respectively (P =0.60).
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FIGURE 3 Disease-free survival curves (A) and overall survival
curves (B) of patients with (dotted line) and without (solid line)
postoperative biliary complications.

4 | DISCUSSION

Among patients who underwent anterior sectionectomy or central
bi sectionectomy, an independent risk factor for postoperative bil-
iary complications was a long RHD. Moreover, considering a hazard-
ous RHD length, 10mm was calculated as the optimal cutoff value.
The RHD length depends on the anatomy of RPHD branching type,
so anatomical factors were thought to influence postoperative bil-
iary complications in our cohort.

In general, right anterior sectionectomy or central bisectionec-
tomy are considered to be difficult liver surgery procedures due to
complicated resection lines and the need for exposure of the hilar
plate, resulting in a high incidence of postoperative biliary complica-
tions.>*2 Our subjective cohort was therefore originally considered
to be at high risk for postoperative biliary complications. However,
the reason for postoperative biliary complications in relation to
biliary anatomy has not been widely indicated. The current study
revealed that longer RHD length, an anatomical factor, was an influ-
ential risk factor.

As all-severity of Clavien-Dindo classifications was included
in outcome measurements, the incidence of postoperative biliary
complications was as high as 44.8% in this cohort. However, when
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limited to severity of grade 3 or more, the incidence in 14 patients
(24.1%) was similar to that of previous reports.®

Biliary stricture will be the most troublesome to manage of the
biliary complications because it is sometimes combined with re-
fractory bile leak or cholangitis. Twelve patients in this cohort had
RPHD stricture. Among them, four patients were asymptomatic and
were simply observed without any interventions. Among the eight
symptomatic patients, six underwent endoscopic retrograde cholan-
giography (ERC). Just two of these patients could achieve selective
drainage tube insertion to the RPHD and could be treated by suc-
cessful drainage management, while it failed in four patients. These
four patients and the remaining two patients who did not receive
ERC were treated by long-lasting percutaneous drainage manage-
ment until bile leakage was stopped or reduced. Assessment of the
risk factors and performance of preventative measures against post-
operative biliary complications are therefore required.

Patient factors including sarcopenia, lower BMI, and Child-Pugh
class B cirrhosis or surgical factors including repeat liver resection
and prolonged surgery have been reported as risk factors for postop-
erative biliary complications.?*3"*> However, our cohort was limited
to patients who undergone complicated anatomical liver resection;
all patients had well-preserved liver function and moderate BMI and
also originally prolonged surgical procedures, and there were no
cases of repeated liver resection. Reported patient and surgical fac-
tors might not therefore have been identified as risks in this cohort.

As for postoperative right posterior hepatic duct stricture, 12 of
our patients (20.7%) had this complication and it was more frequent
in the group with >10mm length of RHD (P =0.02 by Fisher's exact
test). Concerning this point, a previous report had similar results
to ours and in their cohort type A anatomy and an RHD length of
13mm were risk factors.” Although in our cohort patients with type
A anatomy (n=9) also dominantly had risk anatomy, some patients
with type B (n=2) and D (n=1) had biliary stricture. Different from
the previous report, we measured all-grade severity of biliary stric-
ture, so there may be a slight difference in the results. When limiting
to severity of biliary stricture grade 3 or more (n=8), seven patients
had the type A anatomy and it might be said that the results are sim-
ilar to those in the previous report.

In addition to this evidence, we found significantly high correla-
tion between incidence or RPHD stricture and bile leakage, and we
consider it to be a risk factor for postoperative bile leakage.

Considering causes of postoperative bile leakage, three patterns
of bile leakage have been reported: peripheral type, completely dis-
connected type, and partially disconnected type.'® Although it was
difficult to identify the site of bile leakage in all cases in this cohort,
we interpreted that any injury of the root of the RPHD might in-
crease internal pressure of the peripheral RPHD site and result in
peripheral bile leakage from the right posterior sectional surface. A
significantly high incidence of bile leakage was therefore observed
in patients with RPHD stricture in our cohort.

Considering three-dimensional anatomy in patients with longer
RHD and type A RPHD anatomy, the bifurcation of the right pos-
terior and anterior hepatic duct would locate more distally in the
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Glissonean sheath. When ligating the right anterior Glissonean
sheath, RPHD might be entrapped in the ligation and possibly lead to
postoperative RPBD stricture, bile leakage, and formation of biloma.

We therefore supposed that dissecting procedures of the right
anterior Glissonean pedicle might have influence and we entered
these procedural factors into risk analysis (mass ligation at second-
order branch/individual ligation at third-order branches). Although
this was not selected as an independent risk factor, it was shown to
be a marginal hazard in univariate analysis, especially when a patient
had RHD > 10mm.

Moreover, we assessed the influence of the use of a stapler de-
vice on postoperative biliary complications. Although there was no
significant difference in the incidence of total biliary complications,
the occurrence of biliary stricture was significantly high when using
a stapler device, especially in patients with RHD > 10mm. A stapler
device may create much more compression of the surrounding tissue
compared with conventional ligation and cutting procedures, and
this might result in biliary stricture.’”

When performing right lobectomy, Katagiri et al recommended
that the anterior and posterior sectional Glissonean branches should
be dissected and ligated individually (rather than dissecting and li-
gating the right main Glissonean pedicle) due to concerns about in-

h.18 This would be the same in

juries to the left main bile duct branc
our study. The technical ease would depend on the tumor proximity
to the right anterior Glissonean pedicle. However, if there is a suffi-
cient tumor margin between the root of the right anterior Glissonean
pedicle, it would be better to perform peripheral dissection.

Moreover, if there is a risky situation for biliary complications,
preventative measures must be taken against it. Before cutting the
right anterior Glissonean pedicle, there are two such measures. One
is the intraoperative cholangiography. Although it needs a fluoros-
copy system and might be troublesome, it will be a reliable measure
to assess biliary injuries. The air leak test is another preventive mea-
sure, which will usually be used for detection of bile leaks. At the
same time, by using ultrasonography, the communication of the air
bubble to the RPHD can be checked and it is possible to assess the
biliary stricture. In this cohort, we did not routinely perform intra-
operative cholangiography, but we did an air bubble test and/or dye
injection test to check for bile leaks. Ultrasonography was not rou-
tinely used for checking the communication of the air bubble to the
RPHD in this cohort and we did not perform these measures during
laparoscopic procedures. Laparoscopic insertion of the contrast in-
jection tube to the biliary duct may be troublesome, so preoperative
tube insertion to the RPHD under endoscopic retrograde cholangi-
ography may be to some extent helpful in a risk situation for biliary
complications.

This study has some limitations. First, it was a single-institutional
study on a comparatively small scale. Our results might therefore
be biased, so confirmation of our results in a prospective multi-
institutional study with a larger sample size is required. Second,
although there was no association between postoperative biliary
complications and prognostic outcomes, sufficient sample size and a
follow-up period are required to confirm the results.

In conclusion, anatomical factors of RPHD branching type had
an influence on postoperative biliary complications in patients who
underwent H58 or H458. The supraportal with RHD type was the
most common anatomy and also was deemed to be hazardous if the
RHD length was >10 mm. Preoperative evaluation of RPHD anatomy
is essential for performance of right anterior sectionectomy or cen-

tral bisectionectomy.
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