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RESEARCH ARTICLE

Ultrasound-guided percutaneous microwave ablation of splenic metastasis:
Report of four cases and literature review
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Abstract

Purpose: To investigate the feasibility, safety and efficacy of ultrasound guided percutaneous microwave (MW) ablation for
small splenic metastasis.

Materials and methods: A total of four patients with five pathologically proven splenic metastases (from ovarian, pulmonary,
gastric adenocarcinoma and hepatocellular carcinoma, respectively) 1.3 to 2.9 cm in diameter were treated with microwave
ablation. A cooled-shaft needle antenna was percutaneously inserted into the tumour under ultrasound guidance. One
thermocouple was placed about 0.5cm away from the tumour to monitor temperature in real time during ablation.
Microwaves were emitted at 60 W for 600 s routinely and prolonged as necessary to attain temperatures sufficient to ensure
tumour killing. Treatment efficacy was assessed by contrast-enhanced imaging at 1, 3 and 6 months, and every 6 months
thereafter.

Results: All tumours were completely ablated at a single session and no complications occurred. No local tumour progression
was observed at a mean follow up of 224+ 17.1 months (range 4 to 43 months). The ablation zone was well defined on
contrast-enhanced imaging and it gradually shrank with time. One new metastatic lesion was detected in the spleen at 11
months after the ablation and was successfully treated by another MW ablation. The post-ablation survival was mean 22
months. No other complications were observed except for fever and abdominal pain.

Conclusions: Ultrasound-guided percutaneous MW ablation appears to be a safe and effective minimally invasive technique
for management of small splenic metastasis in selected patients.

Keywords: microwave ablation, neoplasm, spleen

Introduction of the spleen in immunological function. The
literature suggests that 25% to 50% of the spleen
needs to be preserved to ensure sufficient immuno-
logical function in patients [3-5]. Thermal ablation
including radiofrequency (RF) and microwave (MW)
ablation has recently been successfully adopted for

The spleen is an important component of the body’s
defence against infection and is the tenth most
frequent site of secondary tumour, with a low
incidence of carcinomatous metastasis in 2% to 8%
of autopsy cases examined [1]. The most frequent

solid tumours metastasising to the spleen are reported minimally invasive treatment of some primary and
to be melanoma and carcinomas followed by lung, metastatic tumours in solid organs [6—8]. However,
breast, and ovarian carcinomas [1, 2]. The optimal until now only two cases of colorectal and renal
management of splenic tumours has shifted during splenic metastasis treated by RF energy were reported
the last decades from traditional splenectomy to (9> 10] and no data of experimental or clinical study
conservative treatment. The shift toward spleen regarding the safety and efficacy of MW ablation for
preservation is justified on the basis of the importance splenic metastasis is available.

Correspondence: Ping Liang, MD, Department of Interventional Ultrasound, Chinese PLA General Hospital, 28 Fuxing Road, Beijing, 100853, China.
Tel: 86-10-66939530. Fax: 86-10-88210006. E-mail: liangping301@hotmail.com

ISSN 0265-6736 print/ISSN 1464-5157 online © 2011 Informa UK Ltd.
DOI: 10.3109/02656736.2011.563768



518 F Yueral

Recently, cooled-shaft antenna development in
MW ablation technology has enabled larger tumour
volumes to be treated and has led to its wide clinical
application in oncology [11-13]. We report our
initial experience of ultrasound (US)-guided percu-
taneous MW ablation of splenic metastasis in four
cases to preliminarily observe the feasibility and
safety of MW ablation technique in this very vascular
organ.

Subjects and methods

The study was carried out at our institution with
approval from the institutional ethics committee.
Written informed consents for participation in this
study were obtained from all the patients. All
ablations were performed as an inpatient procedure.

Patients

Case 1. A 55-year-old woman underwent a radical
hysterosalpingo-oophorectomy because of right ovar-
ian adenocarcinoma in May 2002. In August 2006 an
abdominal ultrasound scan showed two hypoechoic
tumours 1.4 x 1.1 cm and 1.3 x 1.1 cm, respectively
located at the right lobe of the liver and the site
adjacent to the splenic hilum, both with regular
borders, and colour signals were obtained at the
peripheral margin of the tumours. A computed
tomography (CT) scan showed a solitary tumour
with low attenuation near the splenic hilum
(Figure 1A). The 18F-2-fluoro-2-deoxyglucose
(18F-FDG) positron emission tomography (PET)
scan showed hypermetabolic spots at the splenic
hilum and the right lobe of the liver consistent with
metastasis. The liver lesion was ablated with MW
technique 1week before treating splenic metastasis.
Another lesion 2.3 x 1.8cm was identified in the
upper pole of the spleen by contrast-enhanced
ultrasound (CEUS) scan 11 months later, which
was treated by another MW ablation procedure
under the establishment of artificial pleural effusion
to make the lesion in the upper pole of the spleen
visible distinctly under ultrasound scan and to make
the insertion feasible and safe by avoiding the
pulmonary complications. No other metastasis was
detected by imaging examinations.

Case 2. A 56-year-old woman was admitted to our
hospital because of poorly differentiated lung adeno-
carcinoma 5.9 x4.2cm in November 2007. The
PET scan showed a left lobe lung mass and a splenic
lesion that were both hypermetabolic. The CT scan
showed a solitary 1.6 x 1.4cm lesion with low
attenuation and peripheral enhancement at the
lower pole of the spleen (Figure 2A). The metastasis
was isolated to the spleen. The lung lesion

Figure 1. Transverse contrast-enhanced CT scans in a
55-year-old woman with ovarian carcinoma metastasis. (A)
Preablation scan showed one hypoattentuating neoplasm
(arrows) near the hilum. (B) Scan obtained 9 months after
the first ablation shows hypoattenuating ablation zone
(arrows) without enhancement. The needle track was
cauterized as the probe was removed, resulting in the
subcapsular triangle-shaped thermal lesion (arrowheads).
(C) Scan obtained 32 months after the second ablation
shows hypoattenuating ablation zone (arrows) without
enhancement corresponding to treated region.
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Figure 2. Transverse contrast-enhanced CT scans in the
56-year-old woman with lung adenocarcinoma metastasis.
(A) Preablation scan showed one solitary neoplasm (arrow)
with low attenuation and peripheral enhancement at the
lower pole of the spleen. (B) On an arterial phase CT scan
obtained 28 months after treatment no enhancement is
seen in the enlarged coagulation zone (arrows), suggesting
the absence of residual tumour.

underwent six courses of chemotherapy and the
patient refused any other treatment method for the
lung. The splenic lesion was treated by one MW
ablation procedure.

Case 3. A 56-year-old male patient with moderately
differentiated gastric adenocarcinoma underwent six
courses of chemotherapy in June 2007. His tumour
was not considered operable at his local hospital. In
February 2008 he was admitted to our hospital
because of four hepatic metastases with the largest
size of 2.9 cm, which were treated by five microwave
ablation procedures. Five months later a CT scan of
the abdomen revealed a solitary 2.5 x 2.3 cm lesion
with low attenuation at the lower pole of the spleen,
which was treated by MW ablation.
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Case 4. A 32-year-old male patient was diagnosed
with hepatocellular carcinoma and underwent resec-
tion in January 2007. In November 2008 he was
admitted to our hospital because of two hepatic
lesions with the largest size of 4.9 cm and a solitary
2.9 x 2.7cm metastasis at the upper pole of the
spleen, which were all detected by contrast-enhanced
magnetic resonance imaging (MRI) and CEUS scan
with high enhancement in arterial phase. The liver
lesions and splenic lesion were all treated by
microwave ablation.

Technique of procedure

Microwave system. The microwave unit (KY-2000,
Kangyou Medical, Shanghai, China) consists of
a microwave generator, a flexible coaxial cable, a
controlled temperature circulating water bath, and a
needle antenna. The generator is capable of produ-
cing 100W of power at 2450 MHz. The needle
antenna has a diameter of 1.9 mm with an 18-mm
shaft which is easily visualised with ultrasound. The
shaft has a coating of polytetrafluoroethylene to
prevent tissue adhesion. A narrow radiating segment
of 3mm is embedded on the shaft, 11 mm away from
the tip. Inside the shaft there are dual channels
through which distilled water under room tempera-
ture is pumped by a peristaltic pump, continuously
cooling the shaft proximal to the radiating segment.
The flow rate of the distilled water was constant at 40
ml/min for all ablations, which can effectively prevent
overheating of the shaft. The MW machine is also
equipped with a thermocouple system (Kangyou
Medical) which can measure temperature in real
time during ablation. The metallic shaft of the
thermocouple needle is insulated with epoxy resin
to avoid any interference from the metal in the
electromagnetic field.

Microwave ablation procedures

Patients were placed in the supine oblique position
in the interventional US suite. Colour Doppler and
grey-scale US scans were performed to choose the
safest lateral intercostal approach to the splenic
tumour. This path did not traverse major hilar
vasculature or pleura. After local anaesthesia with
1% lidocaine, US-guided biopsy was performed first
by an automatic biopsy gun with an 18-gauge cutting
needle to obtain 2-3 specimens. Then the antenna
was percutaneously inserted into the tumour and
placed at the designated place under US guidance.
For tumours less than 1.5cm, one antenna was
inserted, for tumours measuring 1.5cm or greater,
two antennae were inserted with an inter-antenna
distance of no more than 1.8 cm, which were used
simultaneously during MW ablation to obtain a larger
ablation zone. A 20-gauge thermocouple was inserted
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about 0.5-1.0 cm away from the tumour for real-time
temperature monitoring during MW ablation. A
power output of 60 W for 600s was routinely used
during MW ablation. If the heat-generated hyper-
echoic water vapour did not completely encompass
the entire tumour and if the measured temperature
did not reach 60°C or remain above 54°C for at least
3 min, prolonged MW emission was applied until the
desired temperature was reached. All insertions were
performed by either of the two experienced radiolo-
gists (P.L. and X.L.Y.) who had collaborated for
more than fifteen years in MW ablation of hepato-
cellular carcinoma. After all insertions, intravenous
anaesthesia was administered by a combination of
propofol and ketamine via the peripheral vein during
standard hemodynamic monitoring. When withdraw-
ing the antenna, the needle track was coagulated to
prevent bleeding and tumour cell seeding.

Individual case techniques

In case 1, during the first tumour ablation procedure
two thermocouples were placed about 0.5 cm away
from the tumour and directly abutting the vessel of
the splenic hilum respectively, for real-time tempera-
ture monitoring to obtain complete ablation and to
avoid thermal-mediated injury during MW ablation.
Before ablating the second tumour located in the
upper pole of the spleen, a 20-gauge, 32-mm
sheathed needle was inserted into the thoracic
cavity via an intercostal approach under US gui-
dance. After removal of the needle, normal saline
solution at room temperature was infused into the
thoracic cavity via the remaining sheath by dripping
until a separation of at least 1 cm between the lung
and diaphragm was achieved under US guidance.
The infused saline solution is defined as representing
artificial pleural effusion.

Post-procedural observation and imaging follow up

After MW ablation patients were closely monitored
for possible complications such as intraperitoneal
haemorrhage, skin burn, side effects such as fever,
pleural effusion and pain were also documented. All
patients received CEUS examination 1 day after MW
ablation to assess the treatment efficacy. If residual
tumour was found, further sessions were planned, or
else patients entered the follow-up protocol which
consisted of contrast-enhanced CT/MRI and/or
CEUS at 1, 3 and 6 months after MW ablation and
every 6 months thereafter.

Results

The mean age of patients treated was 49.8+11.8
years (32-56 years). The mean tumour size ablated

was 2.1£0.7cm (1.3-2.9cm). The histological
analyses of the biopsy specimens were confirmed to
be metastatic carcinoma consistent with the primary
cancer. Microwaves were emitted at 60 W for mean
782.0+215.0s (540-10305s) to reach temperatures
sufficient enough to ensure tumour kill. All tumours
were completely ablated in a single session. The
hospital stay for four cases was 5-7 days. The
patients reported minor left upper quadrant pain
after the procedure, and no opiates or analgesics
were necessary. No other complications were
observed. The coagulation function tests in all four
patients were normal after MW ablation.

CEUS showed no enhancement in all the ablation
zones in the scan performed after 24 h. Contrast-
enhanced CT showed a low-density coagulative zone
within the lesion without enhancement (Figures 1B,
1C, 2B). The patients were followed up regularly
according to the protocol. During a mean follow up
of 224+ 17.1 months (range 4 to 43 months), the
patient in case 3 died of acute bleeding from a gastric
tumour 4 months after MW ablation, the patient in
case 4 died of multiple metastases and hepatic failure
13 months after MW ablation, without splenic
recurrence being detected. The other two patients
were both alive. A new metastatic neoplasm was
detected at 11 months in case 1 after ablation by
imaging examinations, which was successfully trea-
ted by another MW ablation and then no recurrence
was detected at follow up. The patient in case 2
experienced multiple organic metastases including
kidney, brain and recurrence in the lung at 11
months after the ablation. The patient was treated
with immunotherapy and thus resection or interven-
tional treatment was not considered. Table I shows
the clinical features and outcomes of the four
patients.

Discussion

Tumour metastasis to the spleen is thought to be
rare, and is more frequent in tumours known to have
a high metastatic potential, especially those that have
metastasised to several organs via a haematogenous
route. Local neoplasm treatment options have
traditionally included surgery and radiation therapy.
However, the spleen is an important immunological
organ and the adverse consequences of its removal
have become increasingly apparent over the last
decades. Death rates from overwhelming post-
splenectomy sepsis have been reported to be up to
600 times greater than those of the general popula-
tion [3].

Recent trends towards a minimally invasive
approach for benign and malignant diseases have
emphasised decreased cost and time and reduced
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Table I. Clinical features and outcomes of the four patients.

Characteristic 1 2 3 4
Age 55 56 56 32
Sex F F M M
Primary tumour site ovary lung stomach liver
Splenic neoplasm

Number 2 1 1 1
Site Hilum: upper pole lower pole lower pole upper pole
Size (cm) 1.3x1.1,2.3x 1.8 1.6 x 1.4 25x2.3 2.9x2.7
Ablation power (W) 60 60 60 60
Ablation time (s) 1030,780 960 540 600
Applicator number 1,2 1 2 2
Ablation session 1,1 1 1 1
Local tumour progression No No No No
Survival Yes Yes No No
Follow up (month) 43 28 4 13

morbidity and mortality. Multiple techniques such as
splenic embolisation, splenic artery occlusion and
transcatheter splenic ablation have been tried to
prevent total splenectomy [14, 15]. Local thermal
ablation not only reduces tumour burden, it might
also reduce necessity for further systemic chemother-
apy if it is the only site of metastasis, thereby
reducing morbidity for these patients who will
frequently and ultimately succumb to progressive
disease in other sites. US-guided tissue thermal
ablation with microwave is an effective therapeutic
technique which has been successfully adopted as a
treatment modality of primary and metastatic
tumours of the liver and kidney with acceptable low
complication rates [11, 16]. A clinical study has
shown the feasibility and safety of MW ablation in
the management of hypersplenism without sacrifi-
cing efficacy [17]. Theoretically, MW ablation for
splenic tumours has some potential benefit compared
to other ablation methods including RF ablation and
cryoablation: (1) MW has a larger ablation zone of
active heating and its transmission in tissue is not
limited by desiccation and charring. Therefore,
intratumoural temperatures can be driven consis-
tently high, which may contribute to larger ablation
zone, less treatment time and more complete tumour
kill [18]; (2) MW is also less affected by the perfusion
median ‘heat-sink’ effect, which may be helpful for
treating tumours with rich blood supply including
the spleen [19], especially when bleeding occurred
immediately following inserting biopsy needle and
MW antenna into the spleen, the bleeding ceased
soon due to thermal coagulation; (3) In addition,
multiple antennae can be used simultaneously to
ablate larger tumours [7, 11, 13]; (4) In recent years,
internally cooled antenna for MW ablation capable of
distributing the heat deeper in the tissue resulted
in larger ablated volumes and better hemostasis
[12, 13], which may obtain complete tumour
necrosis without causing skin burn.

For all these reasons and based on our experience
of MW ablation technique [7, 11, 12, 20], we have
conducted, to our knowledge, the first study for non-
excised, percutanecous MW ablation for splenic
metastasis using US guidance to evaluate the
technical feasibility and safety. After ablation, com-
plete necrosis was obtained, and the post-ablation
survival (mean 22 months) for the four patients is
comparable to that of splenectomy treatment as the
published studies reported [21, 22]: the median
survival 11-19.5 months. Noticeably, in order to
avoid the potential risks, several important steps
should be followed: (1) the high vascularisation of
the spleen produces extremely high intra-abdominal
temperature with the risk of thermal injury of the
adjacent viscera. For accurate assessment of the
treatment efficacy and to avoid overheating, a
thermal monitoring system was used in our treat-
ment with one to two thermocouples placed about
0.5 cm away from the tumour and abutting the hilar
vessel, thus no residual tumour and major complica-
tions occurred; (2) insertion of the needle at the
lower pole of the spleen or establishment of artificial
pleural effusion before ablation is preferred to reduce
pulmonary complications and referred pain; (3) the
puncture site must be kept away from large vessels at
the hilum of the spleen.

The limited follow up and the fact that only four
patients were treated are major limitations to our
study. The application of MW energy to the spleen is
in many ways, including tissue property and blood
supply, different from that performed on the liver
parenchyma, therefore appropriate treatment time
and power still needs to be further defined.
Additionally, in our study the following inclusion
criteria were met: single splenic tumour of 3cm or
smaller; three or fewer multiple lesions with a
maximum diameter of 2cm or less; no extensively
extrasplenic metastases, and the general condition of
the patient permits MW ablation, which is essential
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for the complete and safe ablation of tumours. Further
rational inclusion criteria still need to be established.

Conclusion

In summary, microwave ablation preliminarily
appears to be a safe technique for treatment of splenic
metastases. The true role of this method still remains
to be determined, and further studies are warranted
to observe the therapeutic outcome and define the
appropriate inclusion and exclusion criteria.

Declaration of interest: The paper was supported
by the National Scientific Foundation Committee of
China (30825010). The authors alone are respon-
sible for the content and writing of the paper.
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