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Abstract

Image-guided percutaneous thermal ablation therapy, such as radiofre-
quency or microwave, has been widely used for liver tumors. However,
when the tumors are located in the hepatic dome, it is difficult to perform
ablation because of poor visualization due to the presence of pulmonary
air, which can obstruct the transmission of ultrasound or make it
impossible to identify a safe puncture path. In order to perform therapy on
liver tumors located in the hepatic dome, the artificial pleural effusion
technique has been applied. This chapter introduces indications for artifi-
cial pleural effusion, procedure for artificial pleural effusion, the category
of solution injected, and our study concerning the efficacy of artificial
pleural effusion.
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Abbreviations and Acronyms 13.1 Introduction
MWA  Microwave ablation Image-guided percutaneous thermal ablation
therapy, such as radiofrequency or microwave,
has been widely used for liver tumors, espe-
cially for small hepatocellular carcinoma [1—
10]. For imaging guidance, ultrasound has
many advantages such as easy availability and
real-time monitoring capability, which make
D. Zhang, MD « P. Liang, MD (1) make it the most common imaging guidance
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owing to the presence of pulmonary air, which
can obstruct the transmission of ultrasound or
make it impossible to identify a safe puncture
path [16-20].

In order to perform therapy on liver tumors
located in the hepatic dome, the artificial pleural
effusion technique has been applied. Shinya
Shimada et al. in 2001 first reported the applica-
tion of an artificial hydrothorax in microwave
coagulation therapy of liver tumors, and con-
cluded that the technique is a simple, inexpen-
sive, and accurate therapy for the treatment of
liver tumors in the hepatic dome [21]. After that,
a series of articles about the application of artifi-
cial pleural effusion in microwave or radiofre-
quency ablation of liver tumor were published,
which proved that artificial pleural effusion with
percutaneous MWA or radiofrequency ablation
could be used to perform therapy on liver tumors
in the hepatic dome [18-20, 22-25].

Indication of Artificial
Pleural Effusion

13.2

So far, the purpose of artificial pleural effusion in
all papers was to extend the indications of percu-
taneous thermal ablation for liver tumors in the
hepatic dome. Therefore, the indications for artifi-
cial pleural effusion is as follows: firstly, liver
tumors in the hepatic dome can not be revealed by
ultrasound, or liver tumors can only be showed
partially which would cause an incomplete abla-
tion necrosis zone, and secondly, no proper punc-
ture path can be identified because of restriction
in the lungs. Other indications are the same as the
general indications of liver cancer ablation.
Contraindications include all kinds of acute or
severe chronic respiratory insufficiency and car-
diac insufficiency, chest infection, and empyema.

13.3 Procedure for Artificial
Pleural Effusion

The basic instruments for artificial pleural effusion
are an ultrasonic instrument with puncture needle
holder, a 16G trocar, and infusion apparatus. The
position of patients is semi-erect and left lateral.

The region of the pleural cavity can be identified
on ultrasound between the right anterior axillary
line and the right posterior axillary line in patients.
After local anesthesia, the 16G trocar is inserted
through the costophrenic angle. Interventional
radiologists can monitor the process of puncture
by ultrasound and tell patient to hold their breath.
When the sudden reduction of resistance is felt,
10 ml of 0.9 % saline solution is injected from the
trocar to identify whether the tip of the needle has
entered into the pleural cavity. If the tip of the nee-
dle is in the pleural cavity, the outer soft sheath is
pushed into the pleural cavity to avoid injuring the
lung, and the stylet of the needle is extracted.
Then, the outer sheath is connected with the infu-
sion set, and the fluctuation of the infusion in rela-
tion to the rhythm of breath can be observed. A
sufficient amount of 0.9 % saline solution is
injected until the tumor can be well-revealed or a
safe path for puncture is fully identified. The vol-
ume of solution injected is about 500—1,500 ml. At
the same time, the vital signs and oxygen satura-
tion of the blood must be checked. After the ther-
apy, the pleural effusion will be drawn out.
Different methods or instruments for artificial
pleural effusion have been reported. Shinya
Shimada et al., who first reported artificial pleural
effusion, used the 14-F trocar to carry out
thoracocentesis under general anesthesia using
one-lung ventilation. Considering safety and avoid-
ing injuring the lung, artificial pleural effusion as
an innovative technology was performed under
general anesthesia using one-lung ventilation at the
beginning. Nowadays, artificial pleural effusion
can be performed under local anesthesia. Akimichi
Kume et al. reported two kinds of method for
inducing artificial pleural effusion, which were
called the two-step method and the one-step
method [22]. The two-step method was performed
as follows. First, a 23-gauge needle was inserted
into the pleural space. After 200 ml of saline was
injected into the pleural space, the 23-gauge needle
was withdrawn and a central venous access kit was
catheterized to instill more saline. Although a little
complicated and time-consuming, this was a rela-
tively safe method. Takahide Uehara et al. also
reported a similar method to induce artificial pleu-
ral effusion [19]. The one-step method was per-
formed as follows. Akimichi Kume et al. used
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anl8-gauge Tuohy needle which was connected to
a drip infusion set with 500 ml saline to puncture
the thorax. The needle tip was inserted into the tho-
rax under ultrasound monitoring, which can also be
confirmed by the drip of saline. In addition,
Yasunori Minami et al. [20] and Masahiko Koda
et al. [23] reported the use of a Veress needle
(Olympus Optical, Tokyo, Japan). The Veress nee-
dle consists of a blunt-tipped inner stylet and a
sharp outer needle. Once the needle entered the
pleural cavity, the blunt-tipped inner stylet extended
to push the lung away to prevent injury. In a short,
any of the methods mentioned above can acquire a
satisfactory result.

13.4 Category of Solution
Injected

Considering the kinds of fluid instilled into thorax,
Paul F. Laeseke et al. reported their research with
regard to the relative effectiveness of 0.9 % saline
and 5 % dextrose in water for protecting the dia-
phragm and lung during radiofrequency [26, 27].
They draw a conclusion that “Instillation of 5 %
dextrose in water into the peritoneal cavity before
hepatic radiofrequency ablation decreases the risk
and severity of diaphragm and lung injuries com-
pared with 0.9 % saline in an animal model.”
Because the heating effect of radiofrequency abla-
tion is caused by the friction of ions, 5 % dextrose
in water which is isotonic and nonionic could be
an ideal buffer to infuse into the pleural cavity.
However, when the method of ablation is micro-
wave, 0.9 % saline solution as an artificial fluid is
recommended, firstly because the heating theory
of microwave ablation is the vibration of dipolar
molecules rather than the friction of ions, and sec-
ondly because the use of 5 % dextrose in water is
not suitable for diabetes patients, which restricts
the use of 5 % dextrose in water.

13.5 Safety of Artificial Pleural
Effusion

With regard to the safety of artificial pleural effu-
sion, potential complications related to the proce-
dure are bleeding, tumor seeding, and pleuritis.

No major complications or deaths related to the
artificial pleural effusion procedure have been
identified in the published literature. Minor com-
plications such as moderate pain, cough, mild
dyspnea, low-grade fever, temporary elevation of
liver transaminase, few subcutaneous hydrops,
etc. disappeared spontaneously without any spe-
cial treatment. Tae Wook Kang et al. [25] reported
thermal injury to the diaphragm, and used com-
puted tomography to observe the thickness of the
diaphragm. Some papers reported that only a few
patients had moderate pain, which aggravated
when deeply breathing or changing position, and
the pain disappeared spontaneously without any
special treatment within 2 weeks. To avoid tumor
seeding in the pleural cavity, puncture biopsy
through artificial pleural effusion is forbidden. If
it is necessary to insert a microwave antenna into
tumor through artificial pleural effusion because
there was no other safe path, repeated punctures
are forbidden, and the applicator track must be
heated with sufficient microwave energy by stop-
ping the cooling-shaft water dump. No tumor
seeding in pleural cavity has occurred in the
existing literature.

13.6 Efficacy of Artificial
Pleural Effusion

In reviewing the efficacy of artificial pleural effu-
sion, our department summarized the data of 112
sessions of MWA with artificial pleural effusion
which were performed on 102 consecutive
patients with 119 liver tumors (17 of the patients
had two tumors). Induction of artificial pleural
effusion was achieved successfully in 110 of 112
sessions (98.2 %). Two sessions of artificial pleu-
ral effusion failed. One session had to stop induc-
ing saline solution at the beginning of the
procedure because of dyspnea. The other one was
a recurring case, and artificial pleural effusion
had been induced previously. The saline solution
could not be induced into the thorax, and some
liquid effused into the chest wall.

Among 110 successful artificial pleural effu-
sion sessions, 82/83 sessions (98.8 %) made
tumors clearly visible by gray-scale ultrasound
(n="74) and contrast-enhanced ultrasound (n=28);
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26/27 sessions (96.3 %) acquired a safe puncture
path for percutaneous MWA. Two sessions failed
to achieve the preoperative objective. One
patient’s tumor was located at segment VII. The
size of the tumor was about 0.9x0.7x0.7 cm.
Even after about 800 ml 0.9 % saline solution had
been injected, the tumor could not be revealed
clearly. The other patient’s tumor was located at
segment II. After about 1,500 ml 0.9 % saline
solution had been injected, there was still no safe
puncture path to avoid injuring the lung (Figs.
13.1 and 13.2).

13.7 Efficacy of Percutaneous
MWA with Artificial Pleural
Effusion

To examine the efficacy of percutaneous MWA
with artificial pleural effusion, we designed a
case-control study, and compared the primary
technique effectiveness rate, local tumor pro-
gression rate, and tumor-free survival rate
between an artificial pleural effusion group and a
control group which was matched in terms of
tumor differentiation, tumor size, and tumor

Fig.13.1 Images in a 58-year-old man with 1.8 cm hepa-
tocellular carcinoma treated by percutaneous microwave
ablation (MWA) with artificial pleural effusion. (a)
Contrast-enhanced magnetic resonance imaging (MRI)
before MWA shows the neoplasm appearing in hyper-
enhancement (small arrow) on arterial phrase and hypo-
enhancement (large arrow) on venous phrase. (b) Left
sonogram shows the puncture of the pleural cavity with a
16-gauge BD angiocath needle (small arrow). The middle

sonogram shows the hyper-enhanced nodule on contrast-
enhanced ultrasound, which is unclear on grey scale
(large arrow). (¢) Sonogram shows the procedure of
MWA. The ablating area appears as a hyper-echoic region
(large arrows) with artificial pleural effusion surrounded
on grey-scale (small arrows). (d) Contrast-enhanced MRI
1 month after MWA shows the ablation zone appearing
unenhanced in the arterial phrase (small arrow) and the
venous phrase (large arrow)
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Fig.13.1 (continued)

location. In previous studies [1, 3], tumor differ-
entiation and tumor size were chosen as the inde-
pendent prognostic factors affecting recurrence
of hepatocellular carcinoma after microwave
ablation treatment. Therefore, tumor differentia-
tion and tumor size were selected as a matching
standard to make sure that the two groups were
balanced as far as possible. In addition, we
matched tumor location between the two groups
to compare complications after treatment. The
results of our study showed that the primary
technique effectiveness rate, the 1-, 2-, and
3-year local tumor progression rates, and the 1-,
2-, and 3-year tumor-free survival rates in the

two groups had no significant difference.
Therefore, percutancous MWA with artificial
pleural effusion for liver tumors located in the
hepatic dome has a similar therapeutic effect to
that of percutaneous MWA for liver tumors with
good ultrasonic visibility.

Conclusion

Artificial pleural effusion could be a feasible,
safe, and effective assistive technique for the
expansion of indications of microwave or
radiofrequency ablation for liver tumors
located in the hepatic dome.
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Fig.13.2 Images ina 58-year-old man with 2.6 cm hepa-
tocellular carcinoma treated by percutaneous MWA with
artificial pleural effusion. (a) Contrast-enhanced MRI
before MWA shows the neoplasm appearing as a high sig-
nal on T2WI (small arrow) and in hyper-enhancement
(large arrow) on arterial phrase. (b) Left sonogram shows
the puncture of the pleural cavity with a 16-gauge BD
angiocath needle (small arrow). The middle sonogram
shows the hyper-enhanced nodule on contrast-enhanced

ultrasound (large arrow) with the artificial pleural effu-
sion surrounded (triangle). (¢) Sonogram shows the pro-
cedure of MWA. The ablating area appears as a disturbed
blood flow on color-Doppler (small arrow) for microwave
emitting, and as a hyper-echoic region on grey-scale
(large arrow). (d) Contrast-enhanced MRI 1 month after
MWA shows the ablation zone appearing as a low signal
on T2WI (small arrow) and unenhanced in the arterial
phrase (large arrow)
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Fig.13.2 (continued)
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