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Abstract: Primary hepatocellular carcinoma (HCC) is a common malignant tumor in China and is often
accompanied by portal hypertension (PHT). Whether simultaneous operation can be used in patients with liver
cirrhosis and PHT accompanied by HCC is controversial. The aim of the present study was to investigate the
safety and feasibility of simultaneous laparoscopic hepatectomy, splenectomy and pericardial devascularization
in the treatment of HCC with PHT. A total of 16 patients were treated with laparoscopic surgery for
PHT and HCC from April 2011. The operation time, volume of intraoperative blood loss, red blood cell
transfusion, plasma transfusion, time for diet intake, drainage time, duration of hospital stay and occurrence
of complications were observed. The follow-up time was 3 years, and long-term outcomes included overall
survival rates and recurrence-free survival rates. The operation time and volume of blood loss were 336+18 min
and 337+351 mL, respectively. Of the patients, 2 received intraoperative homologous blood transfusion and
9 received plasma transfusion. The time for diet intake, drainage time and duration of hospital stay were 3.50.5,
7.3+1.0 and 13.6£3.6 days, respectively. The postoperative complications included 1 patient with anastomosis-
site bleeding, 2 patients with abdominal effusion and 3 patients with portal vein thrombosis, which were treated
conservatively. The overall survival rates at 1 and 3 years were 100% (16/16) and 87.5% (14/16), respectively.
The recurrence-free survival rates at 1 and 3 years were 87.5% (14/16) and 62.5% (10/16), respectively. In
conclusion, simultaneous laparoscopic hepatectomy, splenectomy and pericardial devascularization is an

effective treatment for PHT and primary HCC, and provides a potential new therapy for patients.
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Introduction PHT (4). To date, liver transplantation is considered the best

There are 200 million Chinese patients chronically treatment for early-stage HCC with clinical manifestations

infected with hepatitis B virus, which often results in liver on decompensated liver cirrhosis, such as PHT. However,

cirrhosis and portal hypertension (PHT) (1,2). In total, only few patients undergo liver transplantation due to the

70-85% of hepatocellular carcinoma (HCC) results from insufficient number of donors and high cost of surgeries,

compensatory hypertrophy of hepatocytes in hepatitis and
hepatocirrhosis (3). Therefore, primary HCC is a common
malignant tumor in China, which is often accompanied by
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which complicate treatments (5). Simple excision of liver
lesions may remarkably increase the risk of operation when
the patient has gastroesophageal varices and hypersplenism
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caused by PHT, accompanied by severe liver cirrhosis, poor
liver function and co-existing clotting disorders. In a previous
study (6), partial hepatectomy temporarily raised portal
venous pressure, which might cause variceal bleeding and
even mortality in patients with gastroesophageal varices and
hypersplenism. Whole or partial splenic embolization has
been proposed as a method to control hypersplenism, which
is an important contraindication of surgery. Considering
the various complications associated, such as splenic
abscess, and the inadequate treatment for hypersplenism,
embolization is not recommended by experts. Furthermore,
in the two-staged therapy, i.e., splenic devascularization
or embolization followed by hepatectomy, patients suffer
surgical strikes twice and miss the best operation time for
prolonged treatment, since the tumor grows and spreads
fast. Whether simultaneous operation can be used in patients
with liver cirrhosis and PHT accompanied by HCC is
controversial (7-10). Simultaneous laparotomy for HCC and
PHT, as well as laparoscopic hand-assisted hepatectomy and
splenectomy, have been reported. However, previous studies
on laparoscopy were limited to hepatectomy combined with
splenectomy and pericardial devascularization.

Combined operation of hepatectomy with splenectomy
and pericardial devascularization has been reported as an
effective treatment. However, two surgical sets located in
the upper left or right abdomen increase the size of the
operative incision, which can affect patients’ homeostasis
and immunity and have adverse effects on postoperative
recovery. Furthermore, radiofrequency ablation (RFA)
can be performed initially in certain patients with HCC,
and splenectomy and portal-azygous disconnection are
then received in the second stage of operation. RFA is not
a radical therapy despite its clinical value in these two co-
existing diseases, and is only suitable for patients with small-
size HCC (<3 c¢m). However, RFA is unable to inactivate
tumor cells completely when the tumor size is >3 cm. In
addition, tumors on the liver surface or edges and nearby
organs cannot be removed via RFA. Recently, simultaneous
laparoscopic hand-assisted hepatectomy, splenectomy and
portal-azygous disconnection has been reported as a therapy
for non-Chinese patients with HCC and PHT (4). The
combined surgery not only treats HCC and PH'T at the same
time, but also avoids the remarkable postoperative wound.
With the development and popularization of minimally
invasive techniques in hepatobiliary surgery, the technique
of laparoscopic partial/half hepatectomy, splenectomy and
portal-azygous disconnection has been gradually improved.
In our department, its clinical practice has been applied since
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2011. The combined operation has been performed to date
in a total of 16 patients, all of whom recovered well. The
present study reports the details of laparoscopic hepatectomy,
splenectomy and portal-azygous disconnection.

Methods
Clinical characteristics of the patients

In total, 16 patients were treated with laparoscopic surgery
for PHT and HCC from April 2011 (7able 1). The present
study was approved by the Ethics Review Board at The
Third Military Medical University (2011KYNO.56), and
written informed consent was obtained from all patients
prior to participation. All patients were diagnosed with
HCC by abdominal contrast-enhanced dynamic computed
tomography (CT) and/or enhanced magnetic resonance
imaging (MRI) in the preoperative examination, and were
confirmed to have HCC by pathological examination
following surgery. All patients had been diagnosed with
PH'T, defined as the presence of esophageal varices and/
or a platelet count of <100,000 cells/pL in association with
splenomegaly. Presence of esophageal varices was determined
preoperatively based on upper gastrointestinal endoscopic
findings. Splenomegaly was diagnosed as present when the
spleen length exceeded 10 cm on preoperative CT and/
or MRI. Chronic hepatitis B and posthepatitic cirrhosis in
different degrees were observed in cancer-free liver tissue.
A total of 13 patients visited their doctors for recurrent
hemorrhage in the digestive tract (hematemesis and/or
melena). Middle and severe varicose veins in the lower
esophagus were all diagnosed in preoperative examination.
In preoperative assessment, the liver function was classified
as A-B Child-Pugh score; focal liver lesions were observed in
imaging examinations (tumor size >3 cm), which were located
in a different segment on the liver surface; different degrees
of splenic enlargement, hypersplenism and pancytopenia
were observed. Of the patients, 5 were negative and 11
were positive (who became negative following operation)
in alpha fetal protein (AFP). In total, 6 patients received
adefovir and lamivudine for antiviral treatment for >1 year
prior to surgery, while 10 had not received prior antiviral
treatment but received individual antiviral treatment during
hospitalization. Long-term individualized antiviral treatment
was continued in all patients upon surgery. All patients were
followed up at the outpatient clinic. The imaging follow-up
examinations included MRI or CT at 3 months, and then
MRI every 6 months. The follow-up time was 3 years.
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Figure 1 Surgical positions in splenectomy and hepatectomy. For
splenectomy, the left side of the body was positioned higher than
the right side by 30°, and the head was placed higher than the feet
by 15°. For hepatectomy, the right side of the body was placed
higher than the left side by 30°, while the head was positioned
higher than the feet by 15° (by adjusting the surgical bed).

Surgical procedure

Laparoscopic splenectomy, pericardial devascularization
and partial hepatectomy were performed simultaneously.
Patients were in supine position, with endotracheal
intubation and under general anesthesia (Figure 1). An
incision was performed 1 cm under the umbilicus. Then,
CO, pneumoperitoneum was established and a 10-mm
peritoneoscope was placed in the trocar hole. Additional
trocar holes were performed, as depicted in Figure 2.
Abdominal pressure ranged from 12 to 14 mmHg. During
surgery, patient’s position was adjusted according to the
parts of splenectomy and hepatectomy required for exposure
of surgical field and easy operation. Splenectomy was
performed first, followed by pericardial devascularization
and hepatectomy. This method was able to increase
the amount of blood platelets and improve coagulation
function following splenectomy while decreasing the risk of
hemorrhage during and subsequent to hepatectomy.

Megalosplenic resection

The left side of the body was positioned higher than the right
by 30° and the head was positioned higher than the feet by
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Figure 2 Locations of trocar holes. (A) 10 mm, for laparoscope;
(B) 12 mm, for main operations in hepatectomy; (C) 12 mm, for
main operations in splenectomy and pericardial devascularization.
The wound was expanded to 3 cm when the spleen and liver tumor
were removed from the abdominal cavity; (D) 5 mm, for auxiliary
operations in hepatectomy; (E) 5 mm, for assistant’s operations in
splenectomy; (F) 5 mm, for assistant’s operations; (G) 5 mm, for

assistant’s operations.

15°. First, a gastrocolic ligament was cut by an ultrasonic
knife. The splenic artery was dissociated and ligated on the
superior border of pancreas to shrink the spleen and decrease
tension, which benefited the dissociation and excision of the
spleen. Second, the vasa brevia was cut upward along with
greater curvature to dissociate the upper limit of the spleen.
Third, the spleen and colon ligament were dissected and
dissociated to free the lower limit of the spleen. Next, the
lienorenal ligament and splenic and pancreatic ligament were
broken once the spleen was turned towards the upper right
in order to uncover the back of the splenic hilus. Lastly, the
splenic hilus was detached through primary splenic pedicle
transaction with a 4.5-cm Endo-Linear stapler. Then, the
lienophrenic ligament was cut and the spleen was detached
once the spleen was lifted to the upper right.

Pericardial devascularization

An assistant pulled the stomach to the lower left to show lesser
curvature. The stomach, esophagus and upper esophagus
branches were searched in the upper coronary artery along
with lesser curvature. Variceal veins in the fundus of the
stomach and left esophagus, including the left inferior phrenic
vein, were dissected by ultrasonic knife. Wider blood vessels

Tiransi Cancer Res 2019;8(1):330-337
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were clipped by biological or Hem-O-lok clamps first. Then,
the assistant pulled the stomach to the upper right. The
posterior gastric veins and variceal veins on the back of the
esophagus were reduced to 8 cm in the lower esophagus.

Partial bepatectomy

The patient’s position was changed, and the right side of
the body was located higher than the left side by 30°, while
the head was positioned higher than the feet by 15°. The
tumor was positioned and no sub or metastasis focus was
identified in ultrasonography during the operation. Then,
the liver parenchyma was detached via ultrasonic knife. The
margin of unregular hepatectomy was >1 cm apart from the
tumor border. The mean blood loss was 350 mL during the
operation. Since these patients had severe liver cirrhosis
and poor liver reserve function, a large area hepatectomy
was unsuitable; thus, only partial hepatectomy on the liver
surface or edge could be performed. Moreover, the serious
liver cirrhosis made the liver less tolerable to ischemia
reperfusion, and increased vascular resistance in the portal
vein, which might lead to bleeding in wounds around the
splenic hilum, esophagus and cardia. Thus, the first porta
hepatis was not blocked during the operation.

Postoperative treatment

Ascites appeared in 16 patients under conventional liver-
protecting and antiviral treatments. Thus, blood plasma and/
or serum albumin and diuretics were used to maintain urine
output at >2,000 mL/day and keep the balance of water and
electrolytes. An intravenous drip of low-molecular weight
dextran was administered for prophylactic anticoagulation
at postoperative day (POD) 1. Oral aspirin (100 mg/day)
was administered to prevent blood clotting and thrombus at
POD 3, when patients were able to eat. Blood examinations
were performed regularly. Subcutaneous injections of low-
molecular weight heparin calcium (4,100 IU) were used
for anticoagulation therapy when the number of blood
platelets was >500x10” cells/L upon operation. Abdominal
ultrasonography was used at POD 7 to check portal vein flow
and thrombosis. Platelet filtration treatment was necessary in
patients with blood platelets >1,000x10” cells/L.

Statistical analysis

Statistical analysis was performed with SPSS 21.0. All
quantitative data are expressed as the mean = standard
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deviation and all qualitative data are expressed as n (%).

Results

The operative and postoperative data are summarized
in Table 2. The operation time and volume of blood loss
were 336=18 min and 337+351 mL, respectively. In total,
2 patients received intraoperative homologous blood
transfusion and 9 patients received plasma transfusion. The
time for diet intake, drainage time and duration of hospital
stay were 3.5+0.5), 7.3£1.0 and 13.6+3.6 days, respectively.
The postoperative complications included 1 patient with
anastomosis-site bleeding, 2 patients with abdominal
effusion and 3 patients with portal vein thrombosis, which
were treated conservatively. The overall survival rates
at years 1 and 3 were 100% (16/16) and 87.5% (14/16),
respectively. The recurrence-free survival rates at years 1
and 3 were 87.5% (14/16) and 62.5% (10/16), respectively.
Patients could get out of bed in the early period of
postoperation and recovered quickly from the minimal
invasive surgical therapy through laparoscopy. The average
time of postoperative hospitalization was 13.6 days.
Hepatic lesions were diagnosed as HCC in postoperative
pathologic examinations. The first porta hepatis was not
blocked during the operation; thus, all the indicators on
liver function were mildly increased. Through antiviral
and liver-protecting treatments, all patients regained
nearly normal liver function. Surgical order, splenectomy,
pericardial devascularization and partial hepatectomy raised
the number of platelets, improved the function of blood
coagulation, and decreased the risk of hemorrhage during
and subsequent to surgery. In pericardial devascularization,
laparoscopy had more merits than routine laparotomy
in enlarging surgical field and revealing high esophageal
veins. Despite rigorous monitoring of blood examinations,
particularly changes in blood platelet number, and early
applications of anticoagulants subsequently to the operation,
portal vein thrombosis at different levels was still observed
in 3 patients. By strengthening the anticoagulation,
controlling the rise in blood platelets and monitoring portal
vein flow, the thrombosis, as mural thrombus, did not cause
obstruction in the portal vein or aggravated PHT. No
apparent changes were evidenced in liver function tests.

Discussion

Hanazaki er al. (11) reported that simultaneous operation
in patients with HCC and PHT could increase the risk

Transl Cancer Res 2019;8(1):330-337
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of portal vein thrombosis, resulting in liver failure and
mortality. However, staging surgery would extend the
time of tumor growth, and patients may miss their best
therapy for the sustained growth and metastasis of tumor.
Furthermore, reducing liver and lesions was not avoidable
during operation, which could increase the risk of tumor
diffusion and metastasis. Consequently, hardeners were
suggested to be injected repeatedly for the treatment of
esophageal varices following liver cancer resection (12,13).
Sugawara ez al. (14) reported that all 48 patients recovered
uneventfully following simultaneous or staging operations.
The two groups had similar postoperative mortality and
incidence of complications. Simultaneous operation, i.e.,
hepatectomy combined with splenectomy and pericardial
devascularization, was safe and feasible, as demonstrated
by previous clinical studies conducted in China and abroad
(15,16), and it was the most effective method among all the
treatments for HCC with PHT and hypersplenism (17,18).
However, its operation indication should be held strictly,
particularly in laparoscopy, due the great difficulties of
surgery (19,20). Furthermore, this is a technical challenge
and is now demonstrated that in specialized centers there
is no more difference in morbidity and mortality for HCC
location (21). However, studies on whole laparoscopy
were limited in the field of hepatectomy combined with
splenectomy and pericardial devascularization.

Eligible patients were selected based on liver function
and the difficulty of hepatectomy. Child class was the most
commonly applied index of liver function assessment, which
was the basis for any HCC treatment. Generally, patients
with Child class A-B could tolerate surgical treatment, while
patients with Child class C should only receive non-surgical
treatment. In hepatectomy, only small-sized tumors (tumor
size <5 cm) that are located on the edge of liver, or confined
to certain liver lobe or adjacent segment, can be removed via
lobectomy, segmentectomy or partial hepatectomy, due to
the limitations of laparoscopy. In patients with preoperative
hypersplenism, and moderate and severe varices in the
esophagus and fundus of the stomach, a number of factors
should be considered during the operation, particularly in
resection of megalosplenia. Splenic artery ligation should
be conducted first. The surgeon cannot free and detach the
spleen until its volume has become smaller and the tension
has decreased. Upon dissociation of perisplenic ligaments,
the splenic pedicle should be removed with an Endo-
Linear stapler. The excised spleen should be detached and
placed in in specimen bag, and then removed in order not
to lengthen the operative incision. In addition, removing

tcr.amegroups.com Tiransi Cancer Res 2019;8(1):330-337
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the spleen allows more space for conducting pericardial
devascularization in the abdominal cavity. Ultrasound
knife and biological clip should be used for cutting the
pericardial blood vessel under laparoscopy, which benefits
the exposure of varices in the upper esophagus. Lastly,
hepatectomy should be finished under laparoscopy. Since
advanced cirrhosis always appears in patients with HCC
accompanied by PH'I] hepatic portal interdiction should be
avoided in hepatectomy. It is important to control bleeding
when detaching the liver parenchyma. In the present
study, ultrasound knife was applied for accurate operation;
biological clip and Hem-O-Lok were used for occlusion
of wide vessels; and bipolar coagulation was employed
for bleeding control. Although the operation shows
great superiority for the treatment of PHT with HCC,
splenectomy and porta-azygous disconnection are palliative
therapies, which could only prevent gastrointestinal
bleeding and improve liver function, while having no
effect on liver cirrhosis. The recurrence rate of HCC
remains high among patients with liver cirrhosis and HCC.
Consequently, liver transplant should be advocated among
patients for better therapeutic effects, provided the patients
can afford it and there are suitable donors.

In this study, combined laparoscopic surgery were used in
the treatment of HCC with PHT. The operation time and
volume of blood loss were 336+18 min and 337+351 mL,
respectively. The time for diet intake, drainage time and
duration of hospital stay were 3.5£0.5, 7.3+1.0 and 13.6+3.6 days,
respectively. The postoperative complications included
1 patient with anastomosis-site bleeding, 2 patients
with abdominal effusion and 3 patients with portal vein
thrombosis, which were treated conservatively. The overall
survival rates at 1 and 3 years were 100% (16/16) and 87.5%
(14/16), respectively. The recurrence-free survival rates
at 1 and 3 years were 87.5% (14/16) and 62.5% (10/16),
respectively. Compared with present studies, Harada ez a/. (13)
reported that five-year recurrence-free survival in patients
with HCC and PHT was significantly better in the
laparoscopic liver resection than in the RFA group and
there was no significant difference in the postoperative
complication rate between laparoscopic liver resection
and RFA group. The results also showed that laparoscopic
liver resection may be a feasible treatment for patients with
HCC and PHT. Meanwhile, Bai et a/. (22) reported that
Synchronous laparoscopic hepatectomy combined with
splenectomy is safe and feasible for the treatment of HCC
associated with PHT with an exact curative effect.

In summary, with the development of laparoscopic surgery,
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laparoscopy has been widely accepted for the treatment of
primary HCC accompanied by PHT and hypersplenism.
Reasonable evaluation, appropriate treatment and strict
operation indication prior to operation are indispensable
notwithstanding skillful manipulation is possessed. In addition,
it is necessary to manipulate and cooperate closely, and to
reduce surgical bleeding and postoperative complications
as much as possible. Therefore, simultaneous hepatectomy,
splenectomy and pericardial devascularization appears to be an
effective treatment for primary HCC accompanied by PHT
and hypersplenism. Laparoscopy may be gradually recognized
and accepted by patients and healthcare workers.
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