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Abstract. The present retrospective study aimed to investigate
the mid‑term safety and efficacy of hepatectomy combined
with microwave ablation of the partial spleen for treatment
of liver cancer complicated with hypersplenism. A retrospective analysis was performed on 23 patients who underwent
hepatectomy combined with microwave ablation of the partial
spleen for liver cancer, complicated with hypersplenism that
was secondary to cirrhosis. The splenic and ablated volumes
were calculated according to a contrast‑enhanced computed
tomography scan prior to and 2 weeks after the operation.
Complete blood count and liver function tests were examined
prior to and following the surgery, and complications and
changes in the blood tests were monitored for 6 months. Over
this period of investigation, the splenic volume was reduced
by a mean value of 34.0%. The levels of serum alanine aminotransferase and aspartate aminotransferase were increased on
the first day after the operation (P<0.05), although they recovered to the normal level within 1 week (P<0.05). The total
level of bilirubin increased slightly, along with moderately
decreased levels of albumin and cholinesterase on the first
day, although these changes were not significant compared
with the baseline (P>0.05). The white blood cell count was
persistently significantly higher compared with the baseline
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over the course of the 6 months (P>0.05). The platelet count
did not increase significantly for the first week after the operation (P>0.05); however, it was revealed to be significantly
increased 1 month after the surgery (P<0.05). No significant
complications were occurred during the follow‑up period. In
conclusion, hepatectomy combined with microwave ablation
of the spleen was demonstrated to be a safe and effective
procedure for patients with liver cancer and hypersplenism
in the mid‑term.
Introduction
Hepatocellular carcinoma (HCC) is a common disease in
China, and patients with HCC typically suffer from liver
cirrhosis and secondary hypersplenism. The blood platelet
(PLT) and white blood cell (WBC) counts decrease dramatically, with abnormal coagulation function. The traditional
therapy for hypersplenism is splenectomy, and the preferred
treatment of HCC is hepatectomy, so the treatment advocated
from previous studies is hepatectomy combined with splenectomy (1‑4), although this procedure leads to severe coagulation
disorder and lost immune function of the spleen; furthermore,
the incidence of portal vein thrombosis is high following a
splenectomy (5).
How to deal with hypersplenism and HCC simultaneously
with reduced complications is an important issue. To reduce
surgical trauma, Cheng et al (6) preferred local treatments
for HCC, such as thermal ablation and transcatheter arterial
chemoembolization, albeit with certain limitations. Partial
splenic embolization in conjunction with percutaneous injection of ethanolamine oleate was also performed (7,8). However,
partial splenic embolization has not become a conventional
treatment due to high complications, including splenic abscess,
splenic rupture, gastrointestinal bleeding and a high mortality
rate (9‑11).
Numerous studies have been concerned with thermal ablation for normal spleen, splenic injury and splenomegaly (12‑14).
Previous studies demonstrated that microwave ablation of the
spleen for splenomegaly and hypersplenism had a favorable
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effect on the peripheral lymphocytes (15). This retrospective
study aimed to evaluate the safety and efficacy of hepatectomy
combined with microwave ablation of the spleen for HCC and
hypersplenism.
Patients and methods
Patient enrollment. Between October 2011 and December
2012, 23 patients (16 men and 7 women) with HCC, splenomegaly and hypersplenism due to liver cirrhosis were treated
with partial hepatectomy and microwave ablation of the
spleen. The median age was 53 years. All the patients were
infected with chronic hepatitis B. The mean diameter of the
liver tumors was determined to be 3.25±0.96 cm; 11 of the
tumors were located in the right posterior lobe, five were in
the anterior lobe, four were in the left lateral lobe, two were
in the left internal lobe, and one was in the caudate lobe.
All patients presented with hepatic synthetic function as
Child‑Pugh class A or B.
Inclusion criteria. Inclusion criteria of patients in this
retrospective study were as follows: WBC count >4x109 cells/l
(normal level, ~4‑10x10 9 cells/l); blood PLT count
>100x109 cells/l (normal level, ~100‑300x10 9 cells/l); and
the presence of a solitary liver tumor with splenomegaly and
hypersplenism secondary to liver cirrhosis, with liver function of Child‑Pugh class A or B. The exclusion criteria were:
Primary splenomegaly and hypersplenism; liver function of
Child‑Pugh class C; the presence of other immune system
disorders, or severe cardiopulmonary diseases or portal
vein/hepatic vein thrombosis; or patients with portal hypertension and esophageal and gastric varices.
Prior to the operation, laboratory data were obtained,
including routine blood counts (the WBC and PLT counts),
liver function, renal function, serum tumor markers
(α ‑fetoprotein, carcinoembryonic antigen, carbohydrate
antigen 19‑9) and a serum hepatitis B virus marker (hepatitis B surface antigen). In addition, all patients were
examined using a contrast‑enhanced computed tomography (CT) scanner (Light speed 32; Philips Healthcare,
Andover, MA, USA). The splenic volume was calculated
using three‑dimensional (3D) contrast‑enhanced CT. A
Philips Brilliance CT workstation (Philip Medical Systems,
Cleveland, OH, USA) was used for image post‑processing.
Microwave ablation of the spleen was performed prior to
the removal of the liver tumor, and the splenic artery was
ligated. Three points of puncture were selected in the upper,
middle and lower areas of the spleen, respectively. Using
an ultrasonic guide, the applicator shaft was punctured
inside the spleen. The power of microwave ablation was set
at 60 W; the irradiation lasted for 10 min in every point
of puncture. Subsequently, resection of the liver tumor was
performed.
Statistical analysis. All statistical analyses were performed
using SPSS software, version 17.0 (SPSS, Inc., Chicago, IL,
USA). Changes in the WBC and the PLT counts and liver
function prior to and following the operation were evaluated
using the paired Student's t‑test. P<0.05 was considered to
indicate a statistically significant difference.
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Results
The CT scan revealed hypoattenuating ablation areas in the
spleen following the operation. The contrast‑enhanced CT
scan revealed no enhancement in the ablation area, suggesting
complete necrosis of the ablated splenic parenchyma (Fig. 1).
The surface of the spleen was no longer smooth, as indicated
by the 3D contrast‑enhanced CT scans (Fig. 2). The average
ablation percentage was determined to be 34.20±1.72%.
No severe complications or surgery‑associated mortality
occurred. The predominant adverse effect noted was fever,
which was present in 2 of the 23 patients, with a highest
temperature recorded of 38.7˚C. Spleen hematoma occurred in
one patient, although it was absorbed gradually within a period
of 3 months (Fig. 3). Only one patient developed an abdominal
hemorrhage 8 h after the operation and, consequently, a second
operation was performed for hemostasis.
The mean WBC count prior to the operation was
(3.54±1.04)x109 cells/l, which peaked at one day [(11.58±4.89)
x109 cells/l] after the procedure, and subsequently gradually decreased over time, until a stable level was maintained
(>5.0x10 9 cells/l) one month later. The WBC count still
remained normal (>4.0x109 cells/l) 6 months after the operation (Fig. 4A). The mean PLT count prior to hepatectomy and
microwave ablation was (42.57±18.59)x109 cells/l, and the
count began to increase gradually after the treatment, reaching
a peak level at 14 days after the operation, with a mean peak
PLT count of (105.43±46.28)x109 cells/l; subsequently it was
decreased over time. The PLT count was significantly different
after the treatment compared with that prior to surgery (P<0.05)
(Fig. 4B). Statistical analysis revealed a persistent significant
increase in the WBC count between 1 day and 6 months after
the treatment (P<0.05) (Fig. 4).
The levels of serum alanine aminotransferase and aspartate aminotransferase increased significantly during the first
day following the hepatectomy and microwave ablation of
the spleen (P<0.05), although they fell back to normal levels
within one week. The total bilirubin level increased steadily,
whereas the level of albumin decreased slightly, without any
significant changes being observed compared with those levels
observed prior to the operation (Fig. 5).
Discussion
The patients involved in the present study suffered from HCC
and hypersplenism, which had to be resolved simultaneously for
the following reasons. First, the sharp decrease in the levels of
WBCs and PLTs caused by hypersplenism raises the incidence
of infection and hemorrhage, and secondly, chemotherapy or
radiation therapy occasionally may be the only treatment for
tumor recurrence following liver resection, although, since the
counts of WBCs and PLTs are lower, these treatments would
consequently be delayed. Hypersplenism and splenomegaly
for liver cancer patients may be treated with minimally
invasive surgery, such as partial splenic embolization, splenic
irradiation and percutaneous injection of ethanolamine oleate,
although these treatments are often associated with limitations
and high complications (16‑20).
Wood and Bates (21) first reported radiofrequency ablation of the spleen for splenic metastasis in 2001. Liu et al (22)
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Figure 1. Representative CT scans of one patient with hepatocellular carcinoma and hypersplenism due to liver cirrhosis who underwent partial hepatectomy
and microwave ablation of the spleen. (A and B) Contrast‑enhanced CT scans, revealing one neoplasm (indicated by the short arrows) in the left liver lobe and
splenomegaly according to the diagnostic criteria. (C and D) Contrast‑enhanced CT scans of the transverse section, revealing an unenhanced low‑attenuation
microwave ablation lesion (indicated by the long arrow) in the spleen, and an unenhanced low‑density area, termed the remaining surgery cavity, after partial
hepatectomy (shown by the dovetail arrow) in the left lobe of the liver 2 weeks after the operation. CT, computed tomography.

Figure 2. Calculation of the splenic ablated volume. The splenic ablated
volume was calculated on three‑dimensional contrast‑enhanced computed
tomography scans 2 weeks after the operation. The surface of the spleen was
no longer smooth, and the depressed areas were ablated lesions. One of the
ablated areas (indicated by the long arrow) is highlighted.

concluded that radiofrequency ablation of the spleen was
a safe and effective procedure. The mechanism of radiofrequency ablation was the same as microwave ablation. The
spleen vasculature was occluded by venous microthrombi as
the spleen was ablated, and subsequently, the infarction focus
caused by the vascular thrombosis was steadily absorbed.
Microwave ablation of the spleen combined with partial
hepatectomy may offer one possible treatment for HCC and
hypersplenism, although the safety and mid‑term effects of
this procedure have yet to be fully elucidated.

Microwave ablation of the spleen exerted a positive
influence on liver function (23‑27). The pressure of the
portal vein decreased after microwave ablation of the
spleen, which helped to relieve the hepatic parenchymal
congestion and hepatocyte swelling (28,29). The blood
flow was reduced in the portal vein, and subsequently
increased in the hepatic artery, and therefore liver regeneration became more active due to enhanced oxygen
exchange of the hepatic cells with markedly improved liver
function (30). The liver cells were regenerated more effectively following microwave ablation of the spleen. In the
present study, the liver function recovered within one week
following the operation after simultaneous hepatectomy
and microwave ablation of the spleen. A reduced portal
vein blood flow led to a decrease of pressure in the portal
vein, which helped to reduce the risk of bleeding to the
esophageal and gastric varices.
The spleen artery was ligated to prevent blood oozing
out when the needle was punctured and pulled out, and heat
energy generated by the microwave ablation itself was also
able to prevent bleeding (31). The findings of the present
study indicated that the amount of blood PLTs was significantly higher 2 weeks after the surgery (P<0.05), although
the difference between the preoperative number of blood
PLTs and those present one week later was not significant
(P>0.05). The number of PLTs clearly increased, which
led to the formation of portal vein thrombosis following
splenectomy, with the rate of thrombosis up to 34.2% (32).
Several of the patients required anticoagulant therapy. After
microwave ablation of the partial spleen, the PLT count
began to increase steadily, reaching a peak at 14 days after
the operation, and subsequently, the count decreased over
time. The levels were maintained to the extent that preventable anticoagulant therapy was not required, and no case
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Figure 3. Spleen hematoma occurred in one patient following microwave ablation of the spleen. The plain CT scan revealed a lower‑density area (indicated
by the long arrow) under the spleen membrane, and the area began to shrink: As revealed on the routine plain CT scan following the operation, the spleen
hematoma was absorbed gradually. (A) A plain CT scan, revealing the spleen hematoma 2 weeks after the operation. (B) The spleen hematoma had decreased
in size one month later. (C) Spleen hematoma was absorbed almost completely 3 months post‑operation.

Figure 4. Changes in the counts of white blood cell and blood platelets after the operation. (A) The white blood cell count peaked on day 1 after the procedure,
and subsequently gradually decreased over time, arriving at a stable level one month later. The white blood cell count still remained at the normal level
6 months after the operation. (B) The blood platelet count began to increase gradually after the treatment, and reached a peak level at 2 weeks after the
operation; however, the platelet count did not increase significantly during the first week after the operation. *P>0.05 vs. the pre‑operation.

with portal vein thrombosis was detected over the course of
the next 6 months.
The areas of the spleen that were chosen for ablation
were a constant source of debate. The volume of the necrotic
area of the spleen was the crucial aspect that determined the
surgical effect. In the present study, three points of puncture in
the upper, middle and lower areas of the spleen, respectively,
were selected. The adjacent organs were isolated from the
spleen with wet saline gauze prior to microwave ablation of
the spleen. Injuries to the surrounding tissues, including the
stomach, colon, diaphragm, kidney and pancreatic tail, were
not observed, and only three cases had complications, where
left pleural effusion was observed, which was diminished
slightly without treatment.
In conclusion, microwave ablation of the spleen combined
with partial hepatectomy is a safe and effective technique for
treatment of HCC and hypersplenism, and the PLT and WBC
counts were increased significantly, at the same time, with
fewer complications.
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