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Abstract
AIM: To discuss the safety, feasibility and regularity of 
destruction to porcine spleen in vivo  with congestion 
and tumescence by microwave ablation (MWA). 

METHODS: Ligation of the splenic vein was used to 
induce congestion and tumescence in vivo  in five por-
cine spleens, and microwave ablation was performed 
2-4 h later. A total of 56 ablation points were ablated 
and the ablation powers were 30-100 W. The ablation 
time (1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 min) was per-
formed at a power of 60 W. After ablation, the ablation 
size was measured in pigs A, C, D and E and spleen 
resection. In pig B, the ablation size was measured 

and 2 ablation points were sent for pathology analysis 
and all tissues were sutured following ablation. Pig B 
was killed 1 wk later and the ablation points were sent 
for pathology analysis. Bleeding, tissue carbonization 
surrounding electrodes, and pathological changes were 
observed, and the effect on destruction volume rela-
tive to different ablation powers, times and positions 
was analyzed. 

RESULTS: The incidence of bleeding (only small am-
ounts, < 20 mL) in the course of ablation was 5.4% 
(3/56) and was attributed to tissue carbonization sur-
rounding electrodes, which also exhibited an incidence 
of 5.4% (3/56). The destruction volume was influ-
enced by different ablation powers, times and points. 
It showed that the ablation lesion size increased with 
increased ablation time, from 1 to 10 min, when the 
ablation power was 60 W. Also, the ablation lesion size 
increased with the increase of ablation power, rang-
ing from 30 to 100 W when the ablation time was set 
to 3 min. A direct correlation was seen between the 
destruction volume and ablation time by the power 
of 60 W (r = 0.97542, P  < 0.0001, and also between 
the destruction volume and ablation powers at an ab-
lation time of 3 min (r  = 0.98258, P  < 0.0001). The 
destruction volume of zone Ⅱ (the extra-2/3 part of 
the spleen, relative to the first or second class vascular 
branches), which was near the hilum of the spleen, 
was noteably larger than the destruction volume of 
zoneⅠ(the intra-1/3 part of the spleen) which was dis-
tal from the hilum of the spleen (P  = 0.0015). Patho-
logical changes of ablation occurring immediately and 
1 wk after MWA showed large areas of coagulation. 
Immediately following ablation, intact spleen tissues 
were observed in the areas of coagulation necrosis, 
mainly around arterioles, and there were no obvious 
signs of hydropsia and inflammation, while 1 wk fol-
lowing the ablation, the coagulation necrosis was well 
distributed and complete, as many nuclear fragmenta-
tions were detected, and there were obvious signs of 
hydropsia and inflammation.
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CONCLUSION: In vivo  treatment of congestion and 
tumescence in the spleen using microwave ablation of 
water-cooled antenna is a safe and feasible method 
that is minimally invasive.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Minimally invasive methods for treatment of  hypersple-
nism, such as partial splenic embolization (PSE) and 
radiofrequency ablation (RFA), have been developed 
in recent years. PSE has been widely used, but is not 
optimal due to a high recurrence rate and the finding 
that the embolism volume varies based on the surgeon’
s experience and the estimation of  contrast medium’s 
flow rate, making it difficult to accurately evaluate em-
bolism volume in real time[1]. In recent years, RFA has 
been used for the treatment of  hypersplenism, since it 
has greater control over the destruction volume of  the 
spleen; however, RFA runs a high risk of  bleeding. In 
this study, we propose microwave ablation (MWA) as an 
effective method for controlling the destruction volume 
of  the spleen. MWA has the added advantages of  higher 
rate of  temperature increase, high thermal efficiency, 
stable and controllable thermal field, good hemostasis 
effect, and good blood vessel coagulation[2,3]. This study 
describes the destruction to porcine spleen in vivo using 
microwave ablation with water-cooled antenna.

MATERIALS AND METHODS
Ethics
This work has been carried out in accordance with the 
Declaration of  Helsinki (2000) of  the World Medical 
Association. This study was approved ethically by Can-
cer Center, Sun Yat-sen University. 

Materials
Five healthy Tibet pigs (assigned A, B, C, D and E), one 
female and four males aged 6-8 mo (weighing 32-39 kg) 
were selected for this study. 

Methods
All the pigs were fasted for 12 h before operation and 

received atropine i.m. (0.5 mg; 30 min before operation), 
Su Mian Xin i.m. (1 mL/kg; 20 min before operation), 
and ketamine i.m. (8 mg/kg; 20 min before operation). 
After successful induction of  anesthesia, the animal 
was fixed on the operation table. After abdominal skin 
preparation and sterilization, the skin, hypoderma, fat, 
muscle and peritoneum were cut open for complete ex-
posure of  the spleen. Then the hilum of  the spleen was 
separated and the splenic artery and splenic vein were 
exposed. Next, the splenic vein was ligated using blood 
vessel forceps. Microwave ablation was performed when 
congestion and tumescence were seen, which was 2-4 h 
after ligation of  the splenic vein. The ablation size was 
measured in pigs A, C, D and E after ablation and spleen 
resection. In pig B, the ablation size was measured and 2 
ablation points were sent for pathology analysis and all 
tissues were sutured following ablation. Pig B was killed 
1 wk later and the ablation points were sent for pathol-
ogy analysis (Figure 1).

Device parameters 
Specifications of  water-cooled antenna: diameter 1.7 mm, 
model Ⅲ with high-power (made by Qi Ya Medical Treat-
ment Facility Limited Company, Nanjing, China; batch 
No. 090226003EX); Emission Facility: made by Qi Ya 
Medical Treatment Facility Limited Company, Nanjing, 
China; Frequency: 2450 MHz; Output power: 0-120 W; 
Precision of  temperature control: ± 0.1 ℃; Discharge 
waveform: continuous wave; operating conditions: main 
voltage AC 220% ± 10%, environmental temperature 
5 ℃-40 ℃.

Ablation points
There were a total of  56 ablation points (8 in pig A, 12 in B, 
14 in C, 13 in D and 9 in E). The ablation powers were 30, 
40, 50, 60, 70, 80, 90 and 100 W. The ablation time (1, 2, 3, 
4, 5, 6, 7, 8, 9 and 10 min) was performed at a power of  
60 W. The whole spleen was divided into two sections: 
zeroⅠ, which was adjacent to the hilum of  the spleen (the 
intra-1/3 part of  the spleen); and zero Ⅱ, which was 
distal from the hilum of  the spleen (the extra-2/3 part 
of  the spleen), relative to the first or second class vascu-
lar branches. 

Observation index
The incidence of  bleeding of  the pin hole, tissue carbon-
ization surrounding electrodes, ablation volume (multi-
plied by long diameter and short diameter), and the path-
ological changes of  ablation points and the surrounding 
tissues were observed using hemotoxylin and eosin. 

Statistical analysis
Statistical analysis was performed using SAS 8.0 (not all 
the carbonization points were included). 

The correlation analysis between the ablation volume 
(zeroⅠand zero Ⅱ) and the ablation time (1, 2, 3, 4, 5, 6, 
7, 8, 9 and 10 min) was performed at a power of  60 W.
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The correlation analysis between the ablation volume 
and the ablation power (30, 40, 50, 60, 70, 80, 90 and 
100 W) was performed using an ablation time of  3 min. 
For each correlation analysis, the data was represented 
by scatterplot and the value of  r was calculated. 

The t test of  independent samples was performed to 
compare the ablation range of  zeroⅠ(9 points of  3 min 
by 60 W) and that of  zero Ⅱ (8 points of  3 min by 60 W).

RESULTS
Incidence of bleeding of the pin hole and tissue 
carbonization  
The incidence of  bleeding was 5.4% (3/56), only small 
amounts (< 20 mL) were caused by tissue carbonization 
surrounding the electrodes. The carbonization incidence 
rate was also 5.4% (3/56).

Relationship between ablation lesion size and time 
As shown in Figure 2A, the ablation range had a direct 
correlation with ablation time by the power of  60 W (r = 
0.97542, x = 5.5 ± 3.028, y = 23.4 ± 9.023, P = 0.0001). 
The ablation lesion size increased with increased ablation 
time, from 1 to 10 min, when the ablation power was 60 W. 

Relationship between ablation lesion size and power 
As shown in Figure 2B, the ablation range was directly 
correlated with the power (30-100 W), at an ablation 

time of  3 min (r = 0.98258, x = 65.0 ± 24.495, y = 18.47 
± 8.47, P = 0.0001). The ablation lesion size increased 
with the increase of  ablation power, ranging from 30 to 
100 W when the ablation time was set to 3 min.

Comparison between the ablation lesion size of zoneⅠ 
and zone Ⅱ (60 W, 3 min)
The ablation lesion size of  zone Ⅱ (the extra-2/3 part 
of  the spleen, relative to the first or second class vascu-
lar branches), which was near the hilum of  the spleen 
was significantly larger than that of  zoneⅠ(the intra-1/3 
part of  the spleen) which was distal from the hilum of  
the spleen (10.763 ± 2.001 vs 16.569 ± 4.112, P = 0.0015, 
t = -3.81, P = 0.0015).

Pathological changes of ablation points and the 
surrounding tissues
As shown in Figure 3, pathological changes occurred 
immediately and up to 1 wk after the ablation, and were 
marked by a large area of  coagulation necrosis. Imme-
diately following ablation, intact spleen tissues were ob-
served in the areas of  coagulation necrosis, mainly around 
arterioles, and there were no obvious signs of  hydropsia 
and inflammation. One week following the ablation, the 
coagulation necrosis was well distributed and complete, 
as many nuclear fragmentations were detected, and there 
were obvious signs of  hydropsia and inflammation.
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Figure 1  Procedures of experimental study of destruction to porcine spleen in vivo by microwave ablation. A: The appearance of the spleen before ligation of 
splenic vein; B: Splenomegalia was seen 2 to 4 h after ligation of the splenic vein; C: The ablation size was measured after microwave ablation. 

Figure 2  The ablation lesion size was correlated with the ablation time and  power.  A: r = 0.97542, x = 5.5 ± 3.028, y = 23.4 ± 9.023, P < 0.0001; B: r = 0.98258, 
x = 65.0 ± 24.495, y = 18.47 ± 8.47, P < 0.0001.
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DISCUSSION
Advantage of MWA in the treatment of splenomegalia 
and hypersplenism 
With the development of  minimally invasive therapy, 
new methods such as PSE and RFA are being optimized 
for the treatment of  hypersplenism. Many research stud-
ies and clinical practices have proved that PSE has good 
therapeutic effects in the treatment of  hypersplenism[4-7]. 
However, it has a high recurrence rate and the embolism 
volume varies based on the surgeon’s experience and the 
estimation of  the contrast medium’s flow rate. For this 
reason, PSE is usually influenced by subjective factors, 
making it difficult to accurately evaluate embolism vol-
ume in real time[1]. Recently, some studies reported that 
RFA can effectively control the destruction volume of  
the spleen and overcome the limitation posed by PSE[8,9]. 
With RFA, coagulative necrosis, not liquefaction necro-
sis, occurred in the spleen after thermo-ablation, and the 
probability of  splenic abscess was obviously decreased. 

Furthermore, the recurrence rate of  hypersplenism was 
obviously decreased because the heat-sink effect can 
damage the vascular endothelium and lead to thrombo-
genesis, which can lead to spleen consolidation, intersti-
tial fibrosis and decreased splenic recirculation. 

MWA is one method of  thermo-ablation and can 
also control the destruction volume of  the spleen. MWA 
has the added advantages of  a rapid rise in temperature, 
high thermal efficiency, stable and controllable thermal 
field, good hemostatic effect, and effective blood vessel 
coagulation[2,3]. Shibata et al[10] first compared MWA with 
RFA in pig liver and found that the temperature of  the 
area surrounding the MWA electrode was significantly 
higher than the temperature of  the area surrounding the 
RFA electrode; the MWA electrode achieved superior 
results to the RFA electrode with respect to the diam-
eter of  the coagulated area and the temperature of  the 
area in which the electrode was inserted, at the speci-
fied times. Yu et al[11] also compared the effectiveness of  
MWA and RFA using a single internally cooled probe 
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Figure 3  The pathological changes after microwave ablation. A: Normal spleen tissue (the arrow indicates the splenic corpuscle), hemotoxylin and eosin (HE) × 20; 
B-D: The pathological changes immediately after microwave ablation (MWA); B: There was some remaining spleen tissue around arterioles in the areas of coagulation 
necrosis (���� ��� �� ���� ��� ��e �����ion �or�er�ine ��s no� �er�� c�e�r (���� ��� �� ���� ��� ��ere �ere no o��io�s si�ns o�� ����ro�si� or in�������or�� re�c�ion�� ��� �� ���� ���������� ��� �� ���� ��� ��e �����ion �or�er�ine ��s no� �er�� c�e�r (���� ��� �� ���� ��� ��ere �ere no o��io�s si�ns o�� ����ro�si� or in�������or�� re�c�ion�� ��� �� ���� ��������� ��� �� ���� ��� ��e �����ion �or�er�ine ��s no� �er�� c�e�r (���� ��� �� ���� ��� ��ere �ere no o��io�s si�ns o�� ����ro�si� or in�������or�� re�c�ion�� ��� �� ���� ���������� ��� �� ���� ��� ��ere �ere no o��io�s si�ns o�� ����ro�si� or in�������or�� re�c�ion�� ��� �� ���� ��������� ��� �� ���� ��� ��ere �ere no o��io�s si�ns o�� ����ro�si� or in�������or�� re�c�ion�� ��� �� ���� ������ 
Pathological changes 1 wk after MWA; E: The coagulation necrosis was well-distributed and complete, HE × 20; F: The ablation borderline was clearer 1 wk after abla-
�ion (���� ��� �� ���� ��� ��ere �ere so�e si�ns o�� ����ro�si� �n� in�������ion (���� ��� �� ���� ��� ��n�� n�c�e�r ��r���en���ions co��� �e seen c�e�r��� (���� ��� �� �������� ��� �� ���� ��� ��ere �ere so�e si�ns o�� ����ro�si� �n� in�������ion (���� ��� �� ���� ��� ��n�� n�c�e�r ��r���en���ions co��� �e seen c�e�r��� (���� ��� �� ������� ��� �� ���� ��� ��ere �ere so�e si�ns o�� ����ro�si� �n� in�������ion (���� ��� �� ���� ��� ��n�� n�c�e�r ��r���en���ions co��� �e seen c�e�r��� (���� ��� �� �������� ��� �� ���� ��� ��n�� n�c�e�r ��r���en���ions co��� �e seen c�e�r��� (���� ��� �� ������� ��� �� ���� ��� ��n�� n�c�e�r ��r���en���ions co��� �e seen c�e�r��� (���� ��� �� �������� ��� �� ����), HE × 40. 
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in a hepatic porcine model and the results showed that 
MWA had higher potential for complete destruction of  
liver tumors than RFA. Crocetti et al[12] designed a study 
to compare the feasibility, safety, and effectiveness of  
MWA versus RFA of  lung tissue at histopathology in 
a rabbit model and found the feasibility and safety of  
MWA and RFA are similar in a lung rabbit model, but 
MWA produced a greater damage to peripheral small 
vessels inducing thrombosis. So, MWA has the advantage 
in the treatment of  splenomegalia and hypersplenism 
and shows good prospects in the treatment of  spleen 
diseases[13]. Some reports have also shown that MWA 
improves the peripheral blood conditions[13,14]. Further 
experimental and clinical research should investigate the 
relationship between the destructive proportion of  the 
spleen and the improvement of  the peripheral blood 
conditions. Regarding the type of  cooled antennas, two 
types, air-cooled and water-cooled, have been used for 
microwave ablation to create as large ablation patterns 
as possible[15]. Firstly, cooling water significantly reduces 
the temperature near the antenna, as confirmed by a 
previous study[16]. This approach avoids carbonization 
near the antenna, since the coagulation region is limited 
by the carbonized tissues. Therefore, a water-cooled an-
tenna makes it possible to create the maximum ablation 
pattern. Secondly, a water-cooled antenna could effec-
tively reduce the adhesion between antenna and tissue, 
and reportedly reduces patient pain during treatment and 
reduces the risk of  infection after the operation[16].

Safety of microwave ablation  
The main complication of  MWA treatment is bleeding 
of  the pin hole, because the spleen tissue is soft and 
fragile and it has many close-set blood sinuses. In the 
current study, we report that the incidence of  bleeding 
was 5.4% (3/56), only small amounts (< 20 mL), and 
that the bleeding was controlled by further ablation of  
the pin hole, suggesting that MWA is a safe method. 
Compared to RFA, MWA has higher thermal efficiency 
and better blood vessel coagulation[17,18]. So, the risk of  
pin hole errhysis is lower than that occurring with RFA, 
especially since the pin hole coagulation after MWA fur-
ther decreases the probability of  bleeding. In this study, 
the risk of  pin hole bleeding is likely increased due to 
splenic congestion and tumescence, and the splenic sinus 
expanding 2-4 h after splenic vein ligation. In the cases 
of  splenomegalia and hypersplenism caused by long-
term portal hypertension, in which there is endangium 
hyperplasia and arteriole and veinule obstruction, MWA 
may run a lower risk of  bleeding. Animal models of  
splenomegalia and hypersplenism caused by portal hy-
pertension should be developed to test this hypothesis. 

Regarding the relation between the carbonization 
surrounding electrodes and bleeding, the current study 
presumes that the crushing and avulsion of  carboniza-
tion tissues to the spleen tissues without ablation, such 
as in the course of  needle withdrawal, can lead to bleed-
ing, especially since the spleen has an abundant blood 

supply. So, cutting down the carbonization incidence rate 
is an effective method for reducing the risk of  bleeding, 
which can be regulated based on ablation power.

In this study, the carbonization incidence rate was 
5.4% (3/56). Because the spleen has an abundant blood 
supply, the tissues of  coagulative necrosis are easy to ad-
here to the pinhead after dehydration, and then carbon-
ization occurs, which decreases the heat conduction and 
affects the ablation range. Further statistical analysis was 
not performed because there were few carbonization 
cases in this study, presumably due to the higher speed 
of  water circulation and ice water circulation, which 
could decrease the carbonization incidence rate. 

Effect of the ablation point on lesion size
Some reports find that thermo-ablation targeted next 
to blood vessels affects the ablation range, and that the 
extent of  this effect is closely related to the caliber of  
the blood vessel[19-23], but there are no related reports 
describing the effect of  the point of  MWA in spleen ab-
lation. In the current study, it is presumed that the blood 
vessels adjoining the hilum of  the spleen are always 
branches of  the first class, and that the caliber is larger 
and the blood flow rate is faster, and therefore they can 
convey the heat acquired by the spleen easily and have a 
predictable affect on the ablation range. The blood ves-
sels distal from the hilum of  spleen are always branches 
of  the second and third class, with a smaller caliber 
and slower blood flow rates, and therefore they cannot 
convey the heat acquired by the spleen easily and conse-
quently have little effect on ablation lesion size. In this 
study, the ablation lesion size of  zoneⅠwas obviously 
smaller than that of  zone Ⅱ by the power of  60 W in 
the same time period. 

Effect of ablation time and power to the ablation lesion 
size
This study found that the ablation lesion size increased 
with increased ablation time, from 1 to 10 min, when the 
ablation power was 60 W. Also, the ablation lesion size 
increased with the increase of  ablation power, ranging 
from 30 to 100 W when the ablation time was set to 3 min. 
So, by adjusting ablation time and power, MWA can ac-
curately control the destruction volume of  the spleen 
in cases of  splenomegalia and hypersplenism, and ef-
fectively overcome the limitations in existing treatments, 
such as a reduced therapeutic effect caused by a smaller 
destruction volume and more complications associated 
with excess destruction volume. 

Some studies that use PSE for the treatment of  hy-
persplenism caused by portal hypertention[1,24] report that 
50%-70% is the best embolism proportion. The best 
destruction proportion of  MWA needs further research. 
Different studies report different results on the best ab-
lation power and time. Hope et al[25,26] found that 45 W 
was the best ablation power and 10 min was the best ab-
lation time for in vivo experimental treatment of  porcine 
kidney using microwave ablation. Hines-Peralta et al[27] 
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found the ablation range increased with the increase in 
ablation time and power when used for in vivo and ex vivo 
experimental treatment of  porcine liver using microwave 
ablation (50-150 W; 2-20 min). The current study is similar 
to that of  Hines-Peralta, and the best ablation power and 
time should be further studied using more ablation points.

Pathological changes after microwave ablation 
Similar to other reports[28,29], in the current study pathol-
ogy marked by coagulation necrosis of  a large area was 
noted both immediately and 1 wk after MWA. Immedi-
ately following MWA, some remaining spleen tissue was 
observed around arterioles, within areas of  coagulation 
necrosis, and there were no obvious signs of  hydropsia 
and inflammation. However, 1 wk after MWA, coagula-
tion necrosis was well-distributed and complete, with 
clear detection of  many nuclear fragmentations and 
hydropsia and inflammation. The remaining spleen tis-
sues detected around arterioles immediately following 
MWA was likely due to the heat conveying. This tissue 
mainly consisted of  lymphocytes which had integrated 
cytolemma, cell organelles and cell nuclei. Though the 
current study did not assess pathological changes occur-
ring beyond 1 wk post-ablation, it is possible that there 
is extended hydropsia and inflammation.

The differences between the pathology changes im-
mediately and 1 wk later in this study were the changes 
around arterioles in the ablation area and the hydropsia 
and inflammatory reaction beside which was the normal 
tissue reaction after thermal ablation. The disaggregation 
and necrosis noted in this study was probably related to 
the finding that the remaining cells around the arterioles 
were surrounded by coagulation necrosis and ischemic 
necrosis due to a loss of  blood supply. The difference 
between the pathological changes occurring immediately 
versus 1 wk after MWA is also reflected in the change of  
the ablation borderline. Specifically, the ablation border-
line was clearer 1 wk post-ablation, and included many 
nuclear fragmentations with surrounding inflammatory 
cells that were trachychromatic. Here we show an opti-
mized method for treatment of  hypersplenism. Results 
from this study have the potential to enhance therapeutic 
treatment of  hypersplenism.

COMMENTS
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The incidence of hypersplenism is currently rising faster in China and current 
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antenna is expected to be a safe and feasible method to treat this disease that 
is also minimally invasive. 
Research frontiers
MWA is a good method of thermo-ablation which has more advantages of a 
r��i� rise in �e��er���re�� �i�� ��er��� e��ficienc���� s����e �n� con�ro�����e ��er-
��� fie���� �oo� �e�os���ic e����ec��� �n� e����ec�i�e ��oo� �esse� co������ion ���n 
radiofrequency ablation (RFA) in tumor treatment. However, whether MWA 
can be used in spleen ablation and how to control the destruction volume of 
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splenism. However, MWA has more advantages, such as a rapid rise in tem-
perature, high thermal efficiency, stable and controllable thermal field, good 
hemostatic effect, and effective blood vessel coagulation than RFA. This is the 
firs� s����� �o re�or� �WA �s � s���e �n� ��e�si��e �e��o� in s��een �����ion ��� 
animal experiment. Furthermore, this studies would suggest the regularity of 
the spleen damage in vivo �sin� �WA �n� confir� ��e e��fic�c�� o�� �icro���e 
ablation from the pathological point of view.
Applications
By understanding the regularity of spleen damage in vivo using MWA, this study 
may represent a future strategy for therapeutic intervention in the treatment of 
patients with hypersplenism.
Peer review
The authors examined the safety, feasibility and regularity of destruction to 
porcine spleen in vivo with congestion and tumescence by microwave ablation. 
It reveals that MWA is safe in spleen ablation and the destruction volume of the 
spleen can be easily controlled. The results are interesting and may represent a 
treatment option for hypersplenism.
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