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Abstract
Purpose Microwave ablation is used for the treatment of
hypersplenism. Image guidance and ablation volume assessment is important to ensure that the ablation is successful.
The accuracy of 3D ultrasound (US) and magnetic resonance
imaging (MRI) in determining the parameters for microwave
ablation were compared in a canine splenomegaly model.
Methods Microwave ablation of the spleen was performed
on 13 dogs with congestive splenomegaly. Several combinations of power output and ablation time were used: 60 W for
300 s, 50 W for 360 s and 40 W for 450 s. The ablation zone
volume was measured by 3D US and 3D MRI immediately
after microwave ablation, and at 1, 2 and 8 weeks thereafter.
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Results Compared with 3D MRI, the ablation zone reconstruction rate was lower with 3D US (92 vs. 100 %). However,
there was no significant difference was found in the ablation
volume calculated soon after the treatment and 1 week and
2 months later.
Conclusion 3D US may be useful for quantifying the volume
of microwave ablation zones in the spleens of experimental
animals and appears promising as an alterative modality to
MRI for clinical examinations.

Keywords 3D magnetic resonance imaging (3D MRI) ·
3D ultrasound (3D US) · Microwave ablation (MWA)

Introduction
Splenomegaly, which refers to the abnormal enlargement of
the spleen, is associated with infections, liver disease and certain cancers. Surgical removal of an enlarged spleen is not the
first line of treatment, and it is recommended only in certain
situations. Alternatives to surgery for hypersplenism include
partial splenic embolisation [1], radiofrequency ablation [2–
4] and microwave ablation (MWA) [5].
Microwave ablation, as a minimally invasive technique,
has been widely used in clinical treatment over the past
decade [6–8]. MWA uses electromagnetic waves to create
heat to destroy diseased cells and tissue and has been used
for oncological treatment in recent years [9–12]. MWA is
associated with a higher rate of temperature increase, high
thermal efficiency, a stable and controllable thermal field, and
good blood vessel coagulation leading to haemostasis [13].
Moreover, in the last 5 years, MWA has been found to be beneficial for the treatment of splenomegaly and hypersplenism
[14–16], as the platelet count and total serum protein levels
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increase in treated patients [14]. However, MWA treatment
can induce bleeding or splenic rupture during ablation, and
it is also difficult to predict the ablation zone with MWA.
Other complications include fever, pain, and pleural effusion,
which are related to the ablation volume: larger volumes are
associated with more severe adverse effects. Therefore, monitoring the ablation volume is highly important to ensure the
successful completion of MWA. Several imaging techniques
can be used to determine the ablation volume.
Three-dimensional magnetic resonance imaging (3DMRI) is one of the main imaging techniques used for MWA,
and its accuracy depends on the thickness of and distance
between layers [17]. Although this method has high levels
of accuracy, it may be restricted by the breathing activity
of animals. Moreover, this method is also time-consuming
(30 min to calculate the ablation area) and costly, and these
disadvantages limit the applicability of this technique. With
rapid progress in related techniques over recent years, 3D
ultrasonography (3D US) is becoming a popular method for
rebuilding images and has been used to recreate foetuses
[18–20], aspects of the cardiovascular system [21–23], and
others. The current commercialised 3D US system takes <1 s
to obtain one 3D US image and requires only 5–10 min to
construct an 8–16-slice image and calculate the ablation volume [24]. However, 3D US may have certain shortcomings
compared to 3D MRI, as the image resolution is inferior to
MRI and it gives less accuracy to measurements of the ablation zone. However, there is no available data regarding a
comparison of these techniques in terms of the accuracy of
assessing the ablation zone area, and it remains unclear which
technique is superior.
In the study, we investigated the efficacy of MWA in a
canine splenomegaly model and compared 3D US and 3D
MRI with regard to their accuracy in determining the ablation
parameters.

Methods
Approval for the study was also obtained from the Research
Animal Care and Use Committee of Tsinghua University,
and all the experiments were conducted in accordance with
the Guide for the Care and Use of Laboratory Animals.
Thirteen healthy adult male Chinese rural dog dogs were
selected in this study. The average weight of these dogs was
17.6 ± 0.36 kg, and the average age was 2.0 ± 0.1 years.
The dogs were maintained and fed in an environment with
constant temperature and humidity levels.
After fasting overnight, the dogs were anesthetised with
an intravenous injection of sodium pentobarbital (25 mg/kg).
The spleen was accessed via a midline incision, and the
splenic vein and its major branches were ligated to induce
congestive splenomegaly.
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Four weeks after splenic vein ligation, laparotomy was
performed, followed by MWA of the congestive spleens
using 14-G microwave antennas. A UMC-I microwave coagulator (PLA General Hospital, Beijing, China) with a maximum power output of 80 W was used at a microwave frequency of 2,450 MHz. A total energy of 18,000 J with different combinations of power output and ablation time was
used. Three protocols were used for MWA: (1) power output
of 40 W with an ablation time of 450 s; (2) power output of
50 W with an ablation time of 360 s; (3) and power output of
60 W with an ablation time of 300 s. All these three protocols
were used in the given sequence in every canine spleen.
3D US and contrast-enhanced MRI were used to calculate
the volume of the ablation zones immediately after ablation
and at 1, 2 and 8 weeks thereafter. We used the Technos DU8
ultrasound machine (Esaote Genoa, Italy) equipped with a
3.5-MHz convex probe. The machine was used along with a
3D workstation (TOMTEC-ECHO-View 3D) for 3D reconstruction and volume measurement. The PCI-Bird magnetic
tracker was used (Ascension, Burlington, VT, USA), which
consisted of a base unit transmitter and a sensor: the sensor was mounted on the 3.5-MHz curved array probe, and
the tracker measures the position and orientation of the sensor. The TOMTEC-ECHO-View graphic workstation was
used to capture images and recording data from the location
tracker for subsequent 3D reconstruction. Full-frame ultrasound images from the video output of the ultrasound scanner
are digitised by a frame grabber board attached to the graphic
workstation.
MRI was conducted using a GE Sigma 1.5T Horizon
Twin-speed with TORSO coil. The slice thickness was 5 mm,
without an inter-slice gap. Axial T1WI (Time Repeat/Time
Echo, 150 ms/4.2 ms), T2WI (TR/TE, 4.4 ms/1.8 ms), and
contrast-enhanced scans (Gd-DTPA, 0.2 mmol/kg) were
taken for all 13 dogs. 3D volume measurement was performed using OSIRIS VERSION 2.5 (Hospital of Geneva
University, Switzerland).
For the acquisition of 3D US images, the distance between
the sender and receiver of the magnetic pulses was maintained within 50 cm. The depth of the probe was adjusted
until the screen showed the entire image along the short axis
of the spleen. Furthermore, the coordinates were adjusted so
that they were consistent with those of the 3D machine. The
probe was moved at a constant speed to scan canine spleens
along their long axis and to start collecting images using
the workstation. Image collection was discontinued after the
scans were taken.
The collected 2D images were saved on a computer. After
the images were linked, supplemented, smoothed and filtered, a database containing all the information was built.
Then, data on the standard plane were retrieved from this
database and post-processed on other planes in order to build
a 3D image of the canine spleen. In addition, the 2D images
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could be transposed and slanted along the X, Y and Z axes so
as to reproduce the 3D US image from different aspects [25].
A belt was used to bind the chest and belly of the dogs
after anaesthesia in order to control the movements caused by
breathing. The breath-gated method was used at the edge of
the canine ribs to monitor changes in the breath rate and scan
the canine spleens within breath intervals. The images were
processed using the software OSIRIS VERSION 2.5, and the
edges of the ablative volume were delineated manually layer
by layer to determine the total volume.
All analyses were performed using SPSS, version 10.0
(SPSS Inc., Chicago, Illinois). A value of P < 0.05 was
considered to indicate a statistically significant difference,
with P < 0.01 and P < 0.001 indicating highly significant
differences.
Results
Splenomegaly model
Splenic volume was calculated using 3D US before splenic
vein ligation and 1, 2 and 4 weeks after ligation. One week
after splenic vein ligation, canine spleen volume increased
significantly (65.87 ± 80.48 vs. 30.15 ± 35.79 ml; P <
0.001 one-way ANOVA; Fig. 1), but the volume decreased
gradually over time (2 weeks, 65.48 ± 75.58 ml; 4 weeks,
63.51 ± 75.9 ml; both P < 0.001 compared with original
volume). However, 1 month after splenic vein ligation, the
splenic volume significantly increased compared to the normal spleens.
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a central hyperechoic area corresponding to the carbonisation zone. A clear border was seen between normal and
diseased spleen tissue. Most images could be rebuilt completely; however, due to disturbance caused by the presence
of bowel gas, a small portion of the spleen could not be
rebuilt. The reconstruction rate was 92 %. Thirty-six ablative zones were completely shown and rebuilt using manually controlled delineation, and the total volumes and ablation volumes were calculated (Fig. 2). The average ablation
volume was 13.65 ± 7.83 ml, which accounts for 8–51 % of
the whole volume of the spleens. Most of the ablative areas
were spindle shaped, except for those close to vessels or capsules.
Microwave ablation zone volume measurements
using 3D MRI
MRI examination of canine spleens was conducted using
the inhale-door technique (Fig. 3a, b). Thirty-nine ablative zones were examined, and high-quality images were
obtained in all cases. The ablative areas in the T1WI images
showed a high signal intensity zone with a low signal
intensity zone (along the needle) in the centre (Fig. 3c).
The ablative areas in the T2WI images showed low sig-

Microwave ablation zone volume measurement with 3D US
All 13 dogs survived the experiment. Sonography depicted
the ablative zone as a nonhomogenous hypoechoic area with

Fig. 1 Canine spleen volume before and after splenic vein ligation.
Canine spleen volume was calculated using 3D US before splenic vein
ligation and 1, 2 and 4 weeks after the ligation. ∗∗∗ P < 0.001

Fig. 2 Calculation of the coagulation necrosis zone with 3D US. a
Images of the coagulation necrosis zone; b calculation of the coagulation
necrosis zone
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Fig. 3 Calculation of the coagulation necrosis zone with MRI. a MRI
image of the canine spleen before MW ablation; b MRI image of the
canine spleen after MW ablation; c the ablative areas in T1WI images; d

the ablative areas in T2WI images; e coagulation necrosis zone volume
calculation using OSIRIS VERSION 2.5

nal intensity (Fig. 3d). Moreover, by using OSIRIS VERSION 2.5 in the T2WI images, we were able to delineate
the edges of the ablative areas and calculate their volume
(Fig. 3e).

ablation (Fig. 4). Although the total output energy was the
same, the ablation volume was different between the three
protocols. In the instant group (Fig. 4a), the ablation volume
with the 60 W power output for 300 s (15.4 ± 9.09 ml for 3D
US and 15.08 ± 9.75 for 3D MRI; n = 19) was higher than
that with the 40 W power output for 450 s (10.18 ± 6.24 ml
for 3D US, and 10.58 ± 5.63 for 3D MRI; n = 13; P = 0.0378,
two-way ANOVA). For the group 2 months later (Fig. 4c),
the ablation volume with the 60 W power output for 300 s
(10.93 ± 3.94 ml for 3D US, and 10.56 ± 3.38 for 3D MRI;

Comparison between 3D MRI and 3D US
In this study, there was no significant difference in the ablation volume calculated using 3D US and 3D MRI soon after
the ablation as well as one week and two months after the
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Fig. 4 Comparison of the ablation volume calculated with 3D US and 3D MRI. Ablation volumes were calculated immediately after MWA (a), 1
week later (b), and 2 months later (c). ∗ P < 0.05, ∗∗ P < 0.01, ns indicates no statistical difference

n = 4) was much higher than that with the 40 W power output
for 450 s (3.99 ± 0.14 ml for 3D US, and 5.52 ± 2.83 for 3D
MRI; n = 3; P = 0.0025, two-way ANOVA).

Discussion
In this study, both 3D US and 3D MRI were used to assess the
efficiency of MWA in a canine splenomegaly model; moreover, the accuracy of these two techniques was compared
with regard to the determination of ablation parameters. We
found that the ablation area in the spleen was spindle shaped
and that some ablation areas were much smaller than predicted. If the ablation area is adjacent to major vessels or
the surface of the spleen, the shape may vary remarkably
and appear irregular, so it possible that the ablation areas
in this study were adjacent to major vessels or the spleen
surface. These results are consistent with previous studies
which reported that blood perfusion influenced thermal distribution significantly [26]. We also detected other necrotic
areas in the canine spleen besides the ablation area. Another
paper on the treatment of splenomegaly with radiofrequency
ablation defined this phenomenon as the bystander effect [4].
With 3D US, we found that the additional necrosis areas corresponded to the vascular distribution and almost extended
to the edge of the spleen. This indicates that vascular perfusion significantly influenced thermal distribution. Finally,
the ablation volume determined was not significantly different between 3D US and 3D MRI, soon after the ablation as
well as 1 week and 2 months later. Thus, 3D US may be a
useful technique to quantify the volume of MWA zones in
the spleens of experimental animals.
As the canine spleen is at the anterior of the abdomen,
it is easier to identify the edge of the ablation zone using
3D US, which therefore makes measurements of the volume
of the ablation zone simpler. However, the presence of air
and the ribcage may interfere with the quality of the image.

This is why some of the images obtained were not satisfactory. Finally, 36 of the 39 ablative zones examined were
completely shown and rebuilt with 3D US, using manually
controlled delineation, and the volumes and ablative volumes
were calculated. However, with 3D MRI, all 39 ablative zones
could be examined. Thus, it appears that the accuracy of 3D
US detection needs to be improved to quantify the volume
of MWA zones in the spleens of experimental animals.
With regard to the efficiency of the MWA technique, we
used three different combinations of power and ablation time,
and we found that different combinations can produce different ablation volumes, which decreased with time.

Conclusion
In this study, the possibility of using 3D US to measure
microwave ablation volumes was investigated and compared
with 3D MRI in a canine model of splenomegaly. Our findings determined that 3D MRI was superior to 3D US with
regard to the number of ablative zones that could be reconstructed (100 vs. 92 %). However, there was no significant
difference in the ablation volume calculated using 3D US
or 3D MRI. Thus, 3D US can be used to quantify the volume of MWA zones in the spleens of experimental animals.
Moreover, considering that 3D US is a faster, inexpensive
technique, it is also possible for use in clinical examinations.
Conflict of interest None to declare.
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