Ann Hepatobiliary Pancreat Surg 2021;25:112-121
https://doi.org/10.14701/ahbps.2021.25.1.112

Standard and modified techniques for parenchyma-preserving
hepatectomy focused on segments |+IV resection in
patients with perihilar cholangiocarcinoma

Shin Hwang

Department of Surgery, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Resection of the hepatic segments [+IV (S1+S4) is the most common type of parenchyma-preserving hepatectomy
(PPH) for perihilar cholangiocarcinoma (PHCC). The author describes personal experience on the standard and modi-
fied techniques for PPH focused on S1+S4 resection in patients with PHCC. 1) Isolated caudate lobectomy with bile
duct resection (BDR) is the minimal type of PPH, but not currently recommended due to technical difficulty. 2) Partial
hepatectomy of S1+S4atsegment V (S5) with BDR provides wide operative field, but extension of BDR is limited and
resection of S1 paracaval portion is still difficult. 3) Resection of S1+S4+S5 with BDR provides wider operative field
for complete S1 resection and multiple biliary reconstruction. 4) Resection of S1+S4 with BDR offers very wide oper-
ative field and allows wider extent of hilar BDR, and thus presents the most common type of PPH. A supplementary
video clip presents the detailed standard surgical procedure for resection of S1+S4 with BDR in a patient with type
IIA PHCC. 5) Modified resection of S1+S4+S5 or segment VIII (S8) with BDR facilitates additional resection of tumor-in-
volved S5 or S8 ducts. 6) Major hilar vascular invasion is usually contraindicated for PPH and only small portal vein
invasion requiring wedge resection and patch venoplasty is allowed. In conclusion, PPH can achieve curative resection
and improved outcomes in patients with PHCC via reasonable modification of the extent of hepatectomy and hilar
BDR. PPH may have advantages in selected patients depending on the extent of tumor, and in patients with high
operative risk. (Ann Hepatobiliary Pancreat Surg 2021;25:112-121)
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Hepatic failure

INTRODUCTION

Extended hepatectomy enhances the surgical curability
through obtaining tumor-free bile duct resection margins
(BDRMs) compared with local resection in patients with
perihilar cholangiocarcinoma (PHCC)."” However, extended
hepatectomy can increase postoperative morbidity and
mortality because it often entails massive liver resection
which is strongly associated with post-hepatectomy liver
failure (PHLF) and hepatic decompensation.”'’ Thus, pa-
renchyma-preserving hepatectomy (PPH) can be consid-
ered as an alternative hepatectomy if extended hepatec-
tomy carries a high risk of PHLF." Resection of the hep-
atic segments [+IV (S1+S4) is the most common type of
PPH for PHCC. PPH has been usually indicated for selected

patients in whom curative resection is expected through
PPH because PPH may result in lower surgical curability
compared with extended hepatectomy. However, in prac-
tice, the decision to determine surgical curability for
PHCC is often difficult before or even during surgery.
The cumulative experience involving PHCC has led to the
expansion of indications for PPH because the extent of
hilar bile duct resection (BDR) can be increased toward
the left, right or both liver sides in order to obtain tu-
mor-free BDRMs.'' The author describes personal experi-
ence with the standard and modified techniques for PPH
focused on S1+S4 resection in patients with PHCC.
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TYPES AND MODIFICATIONS OF
PARENCHYMA-PRESERVING
HEPATECTOMY

Isolated caudate lobectomy with BDR

Considering the tumor invasion process in PHCC, it is
mandatory to resect the caudate lobe (S1) in combination
with various extents of hepatectomy.3 The author pre-
viously reported isolated S1 resection with BDR in a pa-
tient with Bismuth-Corlette type IV PHCC." The oper-
ative field during and after isolated S1 resection was very
narrow, thus multiple hepaticojejunostomies for the 3
right and 4 left hepatic duct openings was very demanding
(Fig. 1). Because of such technical challenges and the
high risk of biliary reconstruction-associated complica-

tions, this technique was no longer recommended.

Partial hepatectomy of segments I+IVa+V with

BDR

To address the technical difficulty encountered during
isolated S1 resection with BDR, the ventral portion of
segment IV (S4a) with or without the ventral portion of

segment V (S5) was concurrently resected. Such partial re-
section of S1+S4a+S5 widened the operative field, which

facilitated S1 resection and multiple biliary reconstruction
(Fig. 2). However, it is usually indicated only for cases
involving type I or II PHCC due to the limited extension
of the BDRMs and difficult resection of the S1 paracaval

portion.

Resection of segments [+IVa+V (S1+S4a+Sb)

with BDR

S1+S4a+S5 resection along with BDR facilitates com-
plete S1 resection and biliary reconstruction via wide op-
erative field."” This technique entails transection of the
middle hepatic vein (MHV), and thus designated as Taj
Mabhal resection due to the shape of hepatic resection.
However, it induced detrimental hepatic venous con-
gestion at the MHV drainage territory in the right anterior
section. To prevent such unnecessary hepatic venous con-
gestion, the author reported S1+S4a+S5 resection with
BDR after preservation of the MHV trunk (Fig. 3).14 This
procedure yielded wider operative field for complete Sl

resection and multiple biliary reconstructions.

Resection of segments I+IV (§1+S4) with BDR
Complete transection of the liver into right and left liv-

ers provides very wide operative field and allows wider

Fig. 1. Perioperative findings of
isolated caudate lobectomy and
bile duct resection. (A, B) Pre-
operative magnetic resonance
and direct tube cholangiography
images show type IV perihilar
cholangiocarcinoma. Circles indi-
cate the individual locations of
bile duct transection. (C, D) Post-
operative magnetic resonance
images taken 4 weeks after sur-
gery show the uneventful status
of multiple hepaticojeunostomies
and the extent of hepatic paren-
chymal resection.
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Fig. 2. Intraoperative Intraoper-
ative photographs showing resec-
tion of the segments I+IV+V.
(A, B) The segments IV and V
are partially resected, and then
the paracaval portion and Spigel-
ian lobe of the caudate lobe are
resected partially in a patient
with type II perihilar cholangio-
carcinoma. Multiple bile duct
openings are exposed after hilar
bile duct resection. (C, D) In
another patient with type I peri-
hilar cholangiocarcinoma, the seg-
ments [V and V are partially
resected concurrently with the
Spigelian lobe. The shape of the
resected specimen indicates the
extent of surgical resection.

Fig. 3. Intraoperative photographs
showing the extent of hepatec-
tomy following resection of the
segments [+IVa+V in a patient
with type IIIB perihilar cholan-
giocarcinoma. (A) The hepato-
duodenal ligament was skeleto-
nized. (B) Resection of the seg-
ments [+IVa+V is performed with
preservation of the middle hepatic
vein trunk. Silastic stents are
inserted in the multiple bile
duct openings. (C) The resected
specimen is visible, indicating
the extent of surgical resection.
(D) Single hepaticojejunstomy
involves each of the right- and
left-sided conjoined ducts.

hilar BDR, which is an advantage for complete S1 re- most effective PPH (Fig. 4).15 The extent of hilar BDR

section and multiple biliary reconstruction; it also enables is compatible with that of right trisectionectomy on the

expansion of the extent of BDRMs deep into the right and side of left hepatic duct and that of left hepatectomy to-

left liver sides. Resection of the S1+S4 is the simplest and ward the right hepatic duct. Due to very wide operative



Shin Hwang. Parenchyma-preserving hepatectomy for perihilar cholangiocarcinoma 115

Fig. 4. Intraoperative photographs
showing the extent of hepatec-
tomy following resection of the
segments [+IV in a patient with
type 1I perihilar cholangiocarci-
noma. (A) The extent of segment
IV resection is marked at the
liver surface. (B) The surgical
specimen shows resection of the
segments [+IV and bile duct re-
section. The middle hepatic vein
trunk is completely preserved
with excavation of the paracaval
portion of the caudate lobe. (C)
Two hepaticojejunstomies invol-
ving the right-sided conjoined
ducts and one involving the left-
sided conjoined ducts are shown.

Fig. 5. Intraoperative photographs
showing anatomical variations
observed during resection of the
segments [+IV. (A) Type III por-
tal vein anomaly is visible. (B)
Early branching of the segment
V duct (BS) is visible (arrow).
This anatomy of the right hepatic
duct required three separate hepa-
ticojejunostomies, each to the
BS, segment VIII duct (B8) and
segments VI+VII duct (B6+7).
(C) The ventral end of the middle
hepatic vein trunk is not dissected
to protect the fissural vein at the
remnant segment IV parenchyma.
(D) The middle hepatic vein trunk
is transected to remove the para-
caval portion of the caudate lobe
completely.

field, the procedure is not contraindicated by anatomical of S1+S4 resection can be non-anatomically expanded to
variation (Fig. 5A) or focal tumor invasion of the hilar obtain tumor-free BDRMs. When the right anterior or
portal vein (Fig. 5B). posterior bile duct was extensively involved, the medial

part of the right anterior section was further transected to
Modified resection of segments I+IV+V/VIII remove the involved segment V ducts (B5) or segment
(S1+4£5/8) with BDR VIII ducts (B8s) (Fig. 6).”” The middle hepatic vein trunk

Depending on the extent of tumor invasion, the extent can also be resected to match the additional partial re-
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Fig. 6. Intraoperative photographs
showing additional resection to
the usual segments [+IV resec-
tion. (A) One branch of the seg-
ment V ducts is resected with
the corresponding hepatic paren-
chyma. An arrow indicates the
resected branch stump. (B) One
branch of the segment VIII ducts
is resected with the correspon-
ding hepatic parenchyma (arrow).
(C) The medial part of the right
anterior section is resected with
exposure of the right hepatic
vein (arrow). (D) Most of the
right anterior section is resected
along with exposure of the right
hepatic vein (arrow).

Fig. 7. Intraoperative photographs
showing vascular reconstruction
combined with resection of the
segments [+IV. (A, B) The left
portal vein is invaded by the
tumor, warranting wedge resec-
tion and venoplasty using an
iliac vein allograft patch. (C)
An iliac vein allograft (arrow)
is interposed at the left portal
vein. (D) The right hepatic artery
is interposed with an autolo-
gous greater saphenous vein graft
conduit (bidirectional arrow).

section of the right anterior section (Fig. 6). portal vein warranting segmental resection and anasto-

mosis is an established contraindication for PPH because

Concurrent resection of hilar vascular invasion such vascular reconstruction makes PPH much more diffi-

during S1+S4 resection with BDR cult and complex than extended hepatectomy. Concurrent

Major vascular invasion involving the hepatic artery or resection of major vascular invasion has been rarely per-
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formed during PPH (Fig. 7), but it is strongly contra-
indicated because of the complexity of the surgical proce-
dures and disappointing postoperative outcomes. Conversely,
small-sized portal vein invasion requiring only wedge re-
section and patch venoplasty (Fig. 7B) is permissible for
PPH because such portal vein invasion is usually not de-

tected in the preoperative imaging studies.

STANDARD TECHNIQUE FOR S1+S54
RESECTION WITH BDR (VIDEO CLIP)

A 75-year-old male patient with obstructive jaundice
was admitted with a diagnosis of PHCC. Preoperative
imaging studies revealed that the tumor was compatible
with type IIIA PHCC without vascular invasion (Fig.
8A-C). Obstructive jaundice resolved slowly with repeated
episodes of cholangitis despite external biliary drainage,
thus the operation was performed after biliary decom-
pression at a serum total bilirubin concentration of 3.4
mg/dl. Considering the old age and unresolved jaundice
in the patient, the author decided to perform S1+S4 re-
section with BDR.

After laparotomy, surgical resectability was assessed by
manual palpation. The distal common bile duct was dis-

sected first and the status of tumor invasion was assessed

to determine tumor-free distal BDRM in intraoperative

frozen-section biopsy. Dissection of the hepatoduodenal
ligament was continued toward the hepatic hilum, and the
hepatic artery and portal vein branches were successfully
isolated (Fig. 9A).

The liver surface was marked to define the territory of
hepatic resection (Fig. 9B). The liver parenchyma was
transected along the falciform ligament. The left portal
vein and hepatic artery were further dissected to expose
the umbilical portion of the left portal vein. The segment
IV duct (B4), segment III duct (B3) and segment II duct
(B2) were consecutively transected (Fig. 9C), ensuring tu-
mor-free BDRMs. Hepatic parenchymal transection con-
tinued toward the dorsal portion of the left caudate lobe,
and the remnant left lateral section was completely sepa-
rated from the left caudate lobe (Fig. 9D).

The right-sided hepatic parenchymal transection was
performed along the hemi-liver discoloration line (Fig.
10A). At the right hepatic hilum, two segment V ducts
(B5s) and two segment VIII ducts (B8s) were transected
(Fig. 10B), and were found tumor-free. The right posterior
duct, a conjoined portion of the segment VI and VII ducts
(B6+7) was transected, which was also tumor-free. The
paracaval portion of S1 combined with the Spigelian lobe
was removed along with S4 resection (Fig. 10C, D).

The two B5s and two B8s openings were placed within

the common connective tissue sheath, which was sepa-

Fig. 8. Perioperative findings of
segments [+IV resection and bile
duct resection in a 75-year-old
male patient with type IIIA peri-
hilar cholangiocarcinoma. (A, B)
Preoperative computed tomogra-
phy and magnetic resonance
cholangiography taken before bil-
iary decompression show marked
dilatation of all intrahepatic ducts.
(C) Preoperative computed tomo-
graphy taken after biliary decom-
pression still reveals marked dila-
tation of the intrahepatic ducts.
(D) Computed tomography taken
2 weeks after resection of seg-
ments [+IV shows no abnormal
findings.
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Fig. 9. Intraoperative photographs
showing the surgical procedure
for resection of segments I+IV
and bile duct. (A) The hepatic
artery is encircled after tran-
section of the distal bile duct.
(B) The liver surface is marked
to define the territory of hepatic
resection. (C) The liver parenchy-
ma was transected along the
falciform ligament and the left
lateral section ducts are transected
(arrow). (D) The remnant left
lateral section is completely
separated from the left caudate
lobe.

Fig. 10. Intraoperative photo-
graphs showing the surgical pro-
cedure for resection of segments
I+IV and bile duct. (A) The
right-sided hepatic parenchymal
transection is performed along
the hemi-liver discoloration line.
(B) The right anterior and pos-
terior section ducts are tran-
sected (arrow). (C) The segment
IV parenchyma is separated from
the right and left remnant livers.
(D) The resected specimen in-
cludes the segments I+IV, gall-
bladder and extrahepatic bile duct.

rated from a single B6+7 opening. Thus, unification duc- (Fig. 11B, C). The three hepatic duct openings at the left
toplasty was performed to conjoin these right-sided ducts lateral section (one B2, one B3 and one remnant B4) were
(Fig. 11A). The 4-cm-wide conjoined right hepatic duct also within the common connective tissue sheath, thus ob-

was reconstructed through a single hepaticojejunostomy viating the need for ductoplasty. A single hepaticojejuno-
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stomy was performed at the remnant left lateral section

ducts (Fig. 11B, D). To manipulate the jejunal limb freely
without tension during hepaticojejunostomy, a distance of
8 cm was ensured at the jejunal limb between the right-
and the left-sided hepaticojejunostomies. The operation
took 6 hours. Six sessions of intraoperative frozen-section
biopsy for DBRMs were performed. The detailed surgical
procedures are presented in an 8-minutes supplementary
video clip (Supplementary Video).

The pathology report revealed a 4.0 cm-sized chol-
angiocarcinoma which was well differentiated and ex-
tended beyond the bile duct to a depth of 6 mm from the
surface epithelia. There was perineural invasion without
lymphovascular invasion. Metastasis involving 3 of 11
lymph nodes was observed. The extent of the tumor was
pT2aN1MO, and thus regarded as the stage IIIC according
to the 8" edition of the American Joint Committee on
Cancer (AJCC) staging system.

The patient recovered uneventfully (Fig. 8D) and was
discharged from the hospital on the postoperative day 21.
Because of poor general condition and patient’s refusal,
the patient did not receive adjuvant chemotherapy. Multiple
recurrences occurred 16 months after surgery, and the pa-

tient passed away 24 months after surgery due to tumor

Fig. 11. Intraoperative photo-
graphs showing the surgical pro-
cedure for segments [+IV resec-
tion and bile duct resection. (A)
The opening of the right anterior
section duct is conjoined with
the opening of the right posterior
duct via unification ductoplasty
(arrow). (B) Openings of the 4
right hepatic ducts and 3 left
hepatic ducts are exposed. Silastic
tubes are inserted to identify the
duct openings. (C) The 4-cm-
wide conjoined right hepatic
duct opening is reconstructed
by single hepaticojejunostomy.
(D) The 2.5-cm-wide left hepatic
duct opening is reconstructed
by single hepaticojejunostomy.

progression.

DISCUSSION

It is important to obtain tumor-free resection margin
16 Extended hep-
atectomy has been preferred to achieve curative resection
of PHCC because it facilitates tumor-free BDRMs and is

also effective to manage major hilar vascular invasion.

during the surgical treatment of PHCC.

However, the majority of patients with PHCC manifest
obstructive jaundice, which decreases the hepatic func-
tional reserve, even after sufficient biliary decompression.
Thus, extended hepatectomy can increase postoperative
morbidity and mortality because it can result in PHLF,
hepatic decompensation and secondary septic complica-
19 To decrease the risk of PHLF by reducing the

hepatic parenchymal resection rate, preoperative right por-

tions.

tal vein embolization with or without hepatic vein emboli-
zation has been performed.”’]8 The author has also per-
formed left portal vein embolization in patients under-
going left hepatectomy with high operative risk."
Hepatic resection, limited as much as possible to what
is necessary for curative resection, might lead to fewer

postoperative complications in patients with PHCC. It was
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suggested to perform limited hepatic resection according
to the individual tumor extent of each patient.4 Because
S1 resection is known to be a prerequisite for curative re-
section of PHCC,20 resection of the entire S1 can be the
most limited PPH in surgical resection for PHCC."
Various combinations of S1 resection with S4 and S5 re-
section are presented in the present study."”" Of them,
S1+S4 resection appears to be the most reasonable extent
of PPH for patients with PHCC after considering the com-
plexity of surgical procedures and the extent of hilar
BDR." The parenchymal resection rate through S1+S4 re-
section is estimated to be approximately 10%-15% of the
whole liver volume.

No standardized surgical procedures of S1+S4 resection
with BDR are reported in the literature. Based on the sur-
gical techniques for PHCC in our institution, it is reason-
able to perform hepatic transection along the plane of
right trisectionectomy initially, which separates the left
lateral section completely from the caudate lobe. It is usu-
ally not possible to further extend the left BDRM toward
the left side because the B2 and B3 ducts are transected
close to the umbilical portion of the left portal vein.
Following the left-sided transection of the hepatic paren-
chyma, a clear hemihepatic discoloration appears at the
remnant liver due to the complete occlusion of the inflow
vessels to the S4. Subsequently, the classical left hep-
atectomy with caudate lobectomy is performed, in which
the paracaval portion of S1 ventral to the middle hepatic
vein trunk is completely removed. Unlike the left-sided
hepatic ducts, the right-sided hepatic ducts can be trans-
ected after further resection of the right anterior section
parenchyma to obtain tumor-free BDRMs. The maximal
extent of additional right-sided hepatic resection is con-
current resection of the entire right anterior section paren-
chyma, which converts the hepatectomy into central bi-
sectionectomy+S1 resection. Since such extensive hep-
atectomy is no longer regarded as PPH, it was not de-
scribed in detail in the present study.

The clinical implications of PPH for PHCC have yet
to be clearly described. It is a matter of concern that PPH
decreases the rate of curative surgical resection, but sev-
eral studies reported that surgical curability was not im-
paired by PPH and PPH elicited favorable postoperative
prognosis similar to that of extended hepatectomy.lo’ls’21

Thus, PPH may reduce surgical morbidity and mortality

www.ahbps.org

associated with PHCC when it is utilized for carefully se-
lected indication. Meanwhile, it is also reported that PPH
was not suitable as an operative procedure to achieve cu-
rative resection in the majority of patients with PHCC. A
Japanese study reported that only 15% of patients could
be selected to undergo PPH as a limited hepatectomy pro-
cedure for achieving curative resection.

In contrast to the conventional concept of S1+S4 re-
section with BDR, some patients with advanced tumors
including type IIIA and IV PHCC have been treated with
PPH, especially when either right or left hepatectomy may
not ensure surgical curability. If preoperative right portal
vein embolization is already performed and the left
BDRM is tumor-positive, the surgery will be R1 resection
unless right trisectionectomy is performed. If the right
BDRMs are tumor-positive following left hepatectomy, it
is also not easy to expand the extent of hilar BDR.
Conversely, customized central hepatectomy in the form
of S1+S4 resection can provide a chance to expand the
extent of resection to obtain tumor-free BDRMs because
it can facilitate additional resection toward the left, right
or both liver sides.

S1+S4 resection with BDR entails more complex surgi-
cal procedures than extended hepatectomy and the oper-
ation time is usually 6-8 hours. When performing multiple
bilio-enteric anastomoses, conjoined ductoplasty for uni-
fication of the adjacent bile duct openings can reduce the
number of separate hepaticojejunostomy. Successful PPH
requires comprehensive preoperative anatomic recog-
nition, accurate evaluation of tumor extent, and skillful
surgical techniques for meticulous hepatectomy and bili-
ary reconstruction.'*'"**%

In conclusion, PPH can achieve curative resection and
improved outcomes in patients diagnosed with PHCC via
reasonable modification of the extent of hepatectomy and
hilar BDR. PPH may have advantages in the selected pa-
tients according to the extent of tumor, and in the patients

with high operative risk.

SUPPLEMENTARY DATA

Supplementary data related to this article can be found
at https://doi.org/10.14701/ahbps.2021.25.1.112.
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