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Abstract

AIM
To establish the surgical flow for anatomic isolated
caudate lobe resection.

METHODS

The study was approved by the ethics committee of the
Second Affiliated Hospital Zhejiang University School
of Medicine (SAHZU). From April 2004 to July 2014,
20 patients were enrolled who underwent anatomic
isolated caudate lobectomy at SAHZU. Clinical and
postoperative pathological data were analyzed.

RESULTS

Of the total 20 cases, 4 received isolated complete
caudate lobectomy (20%) and 16 received isolated
partial caudate lobectomy (80%). There were 4 cases

November 7, 2017 | Volume 23 | Issue 41 |



Jin Y et a/. Anatomic isolated caudate lobectomy

with the left approach (4/20, 20%), 6 cases with the
right approach (6/20, 30%), 7 cases with the bilateral
combined approach (7/20, 35%), 3 cases with the
anterior approach (3/20, 15%), and the hanging
maneuver was also combined in 2 cases. The median
tumor size was 5.5 cm (2-12 cm). The median intra-
operative blood loss was 600 mL (200-5700 mL). The
median intra-operative blood transfusion volume was
250 mL (0-2400 mL). The median operation time was
255 min (110-510 min). The median post-operative
hospital stay was 14 d (7-30 d). The 1- and 3-year
survival rates for malignant tumor were 88.9% and
49.4%, respectively.

CONCLUSION

Caudate lobectomy was a challenging procedure. It
was demonstrated that anatomic isolated caudate
lobectomy can be done safely and effectively.

Key words: Caudate lobectomy; Surgical flow; Anatomic
liver resection

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Caudate lobe resection is still a challenging
procedure for the vast majority of surgeons because
of the difficult anatomical location and intraoperative
bleeding. According to prior experience, six steps were
established and validated on the patient. Anatomic
isolated caudate lobectomy can be done safely and
effectively following the surgical flow.
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INTRODUCTION

The caudate lobe (CL), situated in a tricky location,
lies deep in the liver and is adjacent to major blood
vessels. CL consists of a Spiegel lobe on the left,
a caudate process on the right, and a paracaval
portion between them™. Surgical resection is the
most suitable strategy to eradicate hepatic malignant
lesions in this area. In recent years, the number of
caudate lobectomies has increased with the impro-
vement of imaging'>®'. However, CL resection remains
a challenging procedure for the vast majority of
surgeons because of the difficult anatomical location
and intraoperative bleeding.

Overall survival (OS) can be achieved by anatomic
liver resection for hepatocellular carcinoma (HCC)
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patients'®”), However, reports of anatomic resection
usually refer to segment I to segment VI, excepting
CL. The implement of more CL resection is limited due
to a lack of standard flow. Therefore, the aim of this
study was to establish the surgical flow for anatomic
isolated CL resection.

MATERIALS AND METHODS

Patients

The study was approved by the ethics committee of
the Second Affiliated Hospital Zhejiang University
School of Medicine. Twenty patients who underwent
anatomic isolated caudate lobectomy between April
2004 to July 2014, performed by our group, were
enrolled in this study, including 13 males (13/20,
65%) and 7 females (7/20, 35%). The median age
of patients was 55.5 years, ranging from 24-72
years. Postoperative pathological examinations
included 14 cases of HCC (14/20, 70%), 2 cases
of adenocarcinoma (2/20, 10%), 1 case of hepatic
hemangioma (1/20, 5%), 1 case of hepatosarcoma
(1/20, 5%), 1 case of angioleiomyoma (1/20, 5%),
and 1 case of adenoma (1/20, 5%) (Table 1).

Surgical approach
The procedures were performed according to the
results of computed tomography (CT) or magnetic
resonance imaging (MRI) before surgery (Figure 1).
Based on the location of the tumor, four different flows
were planned before surgery (Figure 2).

Step 1: Mobilization of the liver. For all patients,
a reversed L-shaped incision was adopted from
xiphoid to the tip of 12" rib. For resection of the
caudate process, the right ligamentum teres, falciform
ligament, coronary ligament and triangular ligament
were divided (Figure 3A). The hepatorenal ligament
was dissected and the right adrenal gland was
separated from the right liver with a right approach.
For resection of the Spiegel lobe, usually, the ligaments
of the left liver were dissected, Arantius ligament was
divided until the tip of the CL and the Spiegel lobe
was exposed completely with a left approach (Figure
4). For complete CL resection, usually, both left and
right liver were mobilized. For giant CL tumors or the
paracaval portion, sometimes, the transection of the
liver parenchyma along Cantilie’s line were conducted.

Step 2: Ligation of short hepatic veins. For a right
approach, liver was turned to the left and the inferior
vena cava (IVC) was exposed. The inferior right
hepatic vein was divided firstly and short hepatic veins
were ligated gradually along the IVC (Figure 3B). The
caudate process was exposed and dissociated from the
IVC. For a left approach, the liver was turned to the
right and short hepatic veins were isolated as well as
divided until the Spiegel lobe was separated from the
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Figure 1 Magnetic resonance images for caudate lesions. A: T located between PV and IVC; B: Hepatic hemangioma located between RPV and IVC. IVC: Inferior

vena cava; PV: Portal vein; RPV: Right portal vein; T: Tumor.

Preoperative
imaging

Laparotomy

resection resection resection

Spiegel lobe Caudate process Paracaval portion

Isolated caudate
lobe resection

Left approach Right Left and right
approach approach

Step 1 to step 6

Figure 2 Surgical flow.

Table 1 Clinical data for all 20 patients with isolated caudate
lobectomy

n = 20 Data
Sex
Female 7 (35)
Male 13 (65)
Age in yr 55.5 (24-72)
Pathological examinations
Hepatocellular carcinoma 14 (70)
Intrahepatic cholangia carcinoma 2 (10)
Hepatic hemangioma 1(5)
Hepatosarcoma 1(5)
Angiomyolipoma 1(5)
Adenoma 1(5)
Tumor size in cm 5.5 (2-12)

Data are presented as 1 (%) or median (range).

IVC completely.
Step 3: Isolation and taping of three major hepatic
veins. The liver was pushed down medially, and the

o o]

approach

|

Step1,3,4,6,2,5

fossa was exposed between the right hepatic vein
(RHV) and the middle hepatic vein (MHV) (Figure 3C).
A tape was positioned around the common trunk of the
MHV and the left hepatic vein (LHV). The hepatocaval
ligament (Makuuchi ligament™®) was extra-hepatically
dissected from the right side and another tape was
positioned around the RHV carefully.

Step 4: Controlling the inflow blood supply. The
hepatoduodenal ligament was exposed and a tape was
encircled around the hepatic hilum to control hepatic
blood inflow if necessary. The occlusion time was
usually 5 min, 8 min and 10 min during the first three
times and then 10 min with 2 min interruption every
time. The branch of portal triads to the CL was divided
and ligated. Afterwards, ischemia landmarks could be
found easily (Figure 3D).

Step 5: Identification of the CL boundary. The left
boundary was established as the Arantius ligament,
the right boundary was described as Peng’s line from
the CL tip to the caudate process™ (Figure 5). The tip
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Figure 3 Flow of the caudate lobectomy. A: Liver mobilization; B: Short hepatic veins isolated and divided; C: Three hepatic veins isolated; D: Ischemia landmark of
the caudate lobe is shown.
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of the CL was located between the LHV and the IVC.
Step 6: Liver transection. Hepatic parenchyma
was transected with the curettage and aspiration dis-
section technique using Peng’s multifunction operative
dissector’**,
The anatomic isolated caudate lobectomy is pre-
sented in the accompanying video (Supplement 1).

Statistical analysis

Clinical variables were described as median or mean %+
SD. Discrete and continuous variables were analyzed
Figure 5 Identification of the right boundary of the caudate lobe. Peng's line by chi-square test and t-test, respectively. Survival

was marked as the right boundary, which was from the upper tip to the process time was analyzed by the Kaplan-Meier method. All
(white arc). data were analyzed by SPSS 16.0 software (SPSS Inc,
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Figure 6 Splitting the liver by the anterior approach. A: The hemangioma was exposed; B: The hemangioma was removed and the major vessels were identified.

Table 2 Surgical data for all 20 patients with isolated caudate
lobectomy

Surgical feature Data
Approach

LSR 4 (20)

RSR 6 (30)

CSR 7 (35)

AR 3 (15)
Procedure

ICCL 4 (20)

IPCL 16 (80)
Blood loss in mL 600 (200-5700)
VIBT in mL 250 (0-2400)
Operation time in min 255 (110-510)
HSPO in d 14 (7-30)
Postoperative complication

Incision infection 1(5)

Ascites 3 (15)

Pleural effusion 2 (10)

Data are presented as n (%) or median (range). AR:Anterior resection;
CSR: Combined sides resection; HSPO: Hospital stay post operation ;
ICCL: Isolated complete caudate lobectomy; IPCL: Isolated partial caudate
lobectomy; LSR: Left side resection; RSR: Right side resection; VIBT:
Volume of intraoperative blood transfusion.

Chicago, IL, United States).

RESULTS

Among all patients, 4 cases received isolated complete
caudate lobectomy (4/20, 20%), while 16 cases
received isolated partial caudate lobectomy (16/20,
80%). Based on the type of dissection, there were
4 cases with the left approach (4/20, 20%), 6 cases
with the right approach (6/20, 30%), 7 cases with the
bilateral combined approach (7/20, 35%), 3 cases with
the anterior approach (3/20, 15%) (Figure 6), and the
hanging maneuver was also combined in 2 cases. The
median tumor size was 5.5 cm (2-12 cm). The median
intra-operative blood loss was 600 mL (200-5700 mL).
The median intra-operative blood transfusion volume
was 250 mL (0-2400 mL). The median operation time
was 255 min (110-510 min), and the median post-
operative hospital stay was 14 d (7-30 d).

There was 1 case of incision infection (1/20, 5%),
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3 cases of ascites (3/20, 15%), and 2 cases of pleural
effusion (2/20, 10%) (Table 2). There was no mortality
and the median survival time for malignant tumor was
48 mo, with 1- and 3-year survival rates of 88.9% and
49.4%, respectively.

DISCUSSION

Due to abundant adjacent blood vessels of the CL,
chemoembolization, radiofrequency ablation and other
treatments are not appropriate for CL lesions™, Sur-
gical resection is considered as the preferred method
and anatomic resection can improve prognosis’*?,
Hasegawa et al® believed that anatomic resection
was one of the independent predictors of improved 0OS
for HCC. However, the majority of anatomic resection
refers to the segment I to segment VI, excepting
segment [ . Caudate lobectomy was once called a
‘bloody gultch™, While the resection of the tumor in
the CL is not difficult today, it is still difficult to perform
isolated anatomic resection for CL; the vast majority
reports are from case reports. In this study, we mainly
explored the possibility to establish a standard surgical
flow for anatomical isolated caudate lobectomy™***,

Chaib et a® classified CL tumors into five types,
depending on their locations, and this classification has
clinical significance for small size tumors. However,
in China, HCC is usually large and concurrent with
cirrhosis. And, anatomic resection is necessary for
longer survival. Blumgart’s group!”! performed 150
cases of caudate resection, which led to a median
survival for HCC of 32 mo. In 2013, Philips et a/*®
reported their experience of caudate resection, having
a median OS of 21 mo. Our results showed a median
survival time of 48 mo for malignant patients, though
this was not a comparison study.

Like other anatomic resections, the identification
of the blood supply to one part or the whole CL
is a prerequisite. The key steps are preoperative
assessment and intra-operative identification of the
precise boundary. We called this boundary as two tips,
two boundaries and one virtual plane. The confluence
of Arantius ligament and IVC was the upper tip, while
the converging point of the right lobe and the caudate
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process was the lower tip. The Arantius ligament is
regarded as the left border of CL, while Peng’s line
is the right border. The plane of the retro-CL is the
surface of the retro-hepatic IVC. In practice, resection
of the CL along the Peng’s line shows similar effects
as intra-operative dye labeling, which is safe and
convenient®.,

The advantages of the different surgical approaches
are to perform CL resection easily. Left approach is
suitable for the tumor located in the Spiegel lobe.
Right approach is for resection of tumor located in the
caudate process. For complete CL resection, we usually
used the left and right approach. For giant CL tumors
or the paracaval portion, the anterior approach should
be used. The disadvantage of the anterior approach
is that incidence of biliary fistula will be high because
of hepatic parenchyma transection. The laparoscopic
resection of the CL has been reported sporadically, and
we will be working on this in the future.

During the resection, other surgical techniques
can be used to reduce bleeding and increase surgical
safety. These techniques include the selective control
of inflow, the liver hanging maneuver and retrograde
resection of the CL!">™*%%,

In conclusion, as an individual anatomic segment,
caudate lobectomy remains a substantially challen-
ging procedure. Our experience demonstrated that
anatomic isolated caudate lobectomy can be done
safely and effectively by establishing a surgical flow.

COMMENTS

Background

Caudate lobe (CL) is an important part of the liver and adjacent to the major
blood vessels. Surgical resection is the preferred treatment for patients with
malignant lesions in this area. However, CL resection remains a challenging
procedure.

Research frontiers

The implementation of more CL resections is limited due to a lack of standard
flow. The hotspot of this study is the establishment a standard surgical flow for
anatomic isolated caudate lobectomy.

Innovations and breakthroughs
In recent years, the number of caudate lobectomies has increased. However,
anatomic isolated caudate lobectomy is not common because of the difficult
anatomical location and intraoperative bleeding. This study presents the
recommendation of a surgical flow which facilitates the performance of
anatomic isolated caudate lobectomy safely.

Applications

The surgical flow in this study was established according to prior experience
and validated on the patient. Anatomic isolated caudate lobectomy can be done
safely and effectively based on this flow.

Terminology

Peng’s line is the right boundary of CL, from the CL tip to the right border of the
caudate process. Peng’s multifunction operative dissector is an electrosurgical
instrument, which was used for transection hepatic parenchyma.
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Peer-review

CL isolated resection is a rare and challenging procedure. | think that the
strength of the paper is the description of the different techniques, detailed with
intraoperative pictures. The authors deserve praise for having done a difficult
job - the article has described a series of 20 resections in a decade. It may
be expected that the authors will come up with a larger series in future. The
description of operative steps is one of the strong points of this article.
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