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Abstract

Ultrasound (US)-guided percutanoeus radiofrequency
(RF) ablation is difficult to perform for treating a he-
patic tumor abutting the diaphragm due to a poor sonic
window and high risk of diaphragmatic thermal injury.
RF ablation with assistance of the use of arti-
ficial ascites is a simple and safe technique for treating a
hepatic dome tumor abutting the diaphragm. One can
improve the sonic window and separate the RF ablation
zone from the diaphragm by downward displacement of
the liver with the use of a simple and inexpensive
technique. Dextrose water solution is an ideal fluid
due to its nonionic nature. Complications related to the
use of artificial ascites including hemoperitoneum are
rare. Peritoneal adhesion and tumor location in the
bare area are the limitations for the application of this
technique.
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Radiofrequency (RF) ablation has been widely accepted
as an alternative treatment for unresectable primary and
metastatic hepatic tumors. Recent studies have reported
favorable survival results with excellent local control
rates. The efficacy of RF ablation as the first-line
treatment for early-stage hepatocellular carcinomas
(HCCs) has also been demonstrated [1–5]. Ultrasound
(US) is most widely used as a guiding technique for

percutaneous RF ablation of hepatic tumor because of
easy availability and real-time monitoring capability.
However, when a tumor is located in the hepatic dome
area and abuts the diaphragm, it may be difficult to
target the tumor with US because of acoustic shadowing
caused by the lung base or ribs, and there is a high risk
of unwanted thermal injury to the diaphragm [6–9]. To
overcome these limitations, we are currently using sev-
eral techniques including [1] a different approach (lap-
aroscopic or open) [2]; a different guiding modality (CT
or MR) [3]; the use of an artificial fluid or air [4]; the use
of a balloon catheter [5]; position change of the patient
[6, 7]; pulling back or lifting the electrode [10, 11].
Among these approaches, the use of artificial ascites has
gained a recent acceptance as a simple and effective
technique for safe and complete ablation. In this picto-
rial essay, we introduce the techniques, indications,
benefits, and pitfalls of the use of artificial ascites in
percutaneous RF ablation for a HCC abutting the dia-
phragm.

Problems in percutaneous local
treatment of an HCC abutting the
diaphragm

There are two well-known limitations in the use of
percutaneous US-guided thermal ablation of an HCC
abutting the diaphragm. First, many HCCs abutting
the diaphragm (or located in the hepatic dome) are
often partially visible on US, even with a patient on
deep inspiration state. If the tumor is partially visible
or poor in conspicuity, it can be difficult to accurately
target the index tumor with the RF electrode. Second,
the risk of collateral thermal damage to the dia-
phragm is relatively increased as compared to that for
treating an HCC that does not abut the diaphragmCorrespondence to: Hyo K. Lim; email: rfalim@skku.edu
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(Fig. 1). In this situation, a standardized ablation
protocol cannot be performed due to severe pain of the
patient during the ablation. Thus, any kind of tech-
nique to improve the sonic window and to separate the
diaphragm from the RF ablation zone is necessary to
perform a safe and complete ablation. The use of an
artificial material including fluid or air is a good
solution for this purpose. When we use US as a
guiding modality, using fluid as artificial ascites is an
ideal option (Fig. 2).

Introduction of artificial ascites

How to select the peritoneal space

Many techniques can be used to introduce artificial
ascites into the peritoneal spaces. Most operators are
using 14–18G spinal, Chiba, or specially designed needles
for selecting the peritoneal space. This technique seems
to be the most popular technique for introduction of

artificial ascites [12–15]. The puncture sites for intro-
ducing artificial ascites are the right subhepatic space or
the left subhepatic space. An operator using a needle
should monitor closely whether the tip of the needle is
located in the peritoneal space until a satisfactory
amount of artificial ascites is achieved, and remove the
needle during RF ablation before targeting the index
tumor. However, artificial ascites can be shifted away
from the region of interest during the ablation. In that
case, additional puncture is needed to introduce neces-
sary amount of artificial ascites.

To overcome this disadvantage, we select the perito-
neal space under US-guidance with a 5-Fr angiosheath
using the Seldinger technique (Fig. 3). After local anes-
thesia at the skin of the puncture site, we insert an 18-
gauage sheathed needle just into the peritoneum. To
effectively select the peritoneal space, we instruct the
patient to slightly inspirate to downward displace the
level of the liver parenchyma and to hold his/her breath.

Fig. 1. Diaphragmatic thermal injury after RF ablation of
HCC abutting the diaphragm. (A) Contrast-enhanced Trans-
verse CT scan obtained during arterial phase before RF
ablation shows a 2.3-cm-diameter HCC (arrow) in liver seg-
ment 8. (B) Contrast-enhanced Transverse CT scan obtained

during portal phase immediately after RF ablation shows a
3.0-cm-diameter RF ablation zone. The abutting diaphragm
shows diffuse thickening due to collateral thermal injury (ar-
row).
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We advance the sheath needle into the subcapsular
portion of the liver parenchyma. After removal of the
inner stylet of the sheath needle, we instruct the patient
to fully expire and hold the breath again. At this mo-
ment, the tip of the sheath usually remains in the peri-
toneal space by being retracted from the upwardly
displaced hepatic parenchyma with full expiration. At
this moment, we quickly insert a 0.035-in guide-wire
though the sheath and check whether the wire is located
in the peritoneal space by US. Finally, we place a 5-Fr
angiosheath over the guide-wire. After placement of the
angiosheath in the peritoneal space, we open a three-way
stopcock at the side arm of the angiosheath that is con-
nected to 500 mL of a 5% dextrose in water solution
(5% DW). If the entire boundary of the index tumor is
visible and a safe RF electrode path can be achieved by
downward displacement of the liver from US monitor-
ing, we conclude that the introduction of artificial ascites
was technically successful. Subsequently, we proceed
with conventional RFA procedures. Our technique using
an angiosheath may provide rapid introduction of arti-
ficial ascites due to larger bore of the route without the
necessity of monitoring the tip of the needle during the
ablation [16].

Proper solution and amount of
artificial ascites

Using computer simulations and phantom experiments,
Brace et al. [17] determined that the use of 5% DW
provides significantly more electrical isolation than the
use of normal saline, which reduces unwanted heating of
the adjacent tissue. The use of normal saline actually
increased the amount of RF current in the adjacent tis-
sue. Laeseke et al. determined the relative effectiveness of
two fluids (5% DW vs. 0.9% normal saline) for pro-
tecting the diaphragm and lung during RF ablation in a
swine model. Instillation of 5% DW into the peritoneal
cavity before hepatic RF ablation decreases the risk and
severity of diaphragm and lung injuries as compared with
no pretreatment or pretreatment with 0.9% saline [18].
Thus, 5% DW appears ideal as a protective fluid in
contrast to the use of normal saline. There is no estab-
lished data regarding the minimum amount of artificial
ascites to use to avoid thermal injury to the abutting
organ. We try to separate the hepatic capsule at the RF
ablation zone to at least 5 mm from the dangerous vital
organ. However, a sheet (2–3 mm) of artificial ascites

Fig. 2. Diagram to illustrate the concept of the introduction
of artificial ascites in percutaneous US-guided RF ablation.
When a tumor is located in the hepatic dome area and abuts
the diaphragm, it is difficult to visualize the tumor on ultra-
sound (US) because of acoustic shadowing caused by the
lung base or ribs, and there is a high risk of thermal injury to
the diaphragm. One can improve the sonic window and
separate the RF ablation zone from the diaphragm by
downward displacement of the liver with the assistance of
artificial ascites. Dark triangle represents an US field with
poor window compared to transparent triangles with better
sonic window. Ellipsoid lesions representing the index tumor
abutting the diaphragm are seen more clearly after the
downward shift of the diaphragm by artificial ascites.

Fig. 3. Technique to select the perihepatic peritoneal
space using the Seldinger technique. After local anesthesia
at the skin of the puncture site, we insert an 18-guage
sheathed needle just into the peritoneum. Black solid arrows
represent the stylet of sheath needle for angio-puncture. To
effectively select the peritoneal space, we instruct the patient
to slightly inspire to displace downward the level of the liver
parenchyma, and to hold the breath. We advance the sheath
needle into the subcapsular portion of the liver parenchyma.
After removal of the inner stylet of sheath needle, we instruct
the patient to fully expire and again hold the breath. At this
moment, the tip of the sheath usually remains in the peri-
toneal space by being retracted from the upwardly displaced
hepatic parenchyma with full expiration. At this moment, we
quickly insert a 0.035-in guide-wire though the sheath and
check whether the wire was located into the peritoneal
space by US. Finally, we place 5 Fr angiosheath over the
guide-wire.
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may have a role for preventing significant thermal
damage. We can accumulate more fluid at the subphrenic
space by altering the position of the patient, such as by
the use of the Trendelenberg position.

Technical feasibility and the
therapeutic efficacy of artificial
ascites

We assessed the feasibility and efficacy of the use of
percutaneous RF ablation with artificial ascites in 25

patients with HCC in the hepatic dome. Artificial ascites
was successfully achieved in 22 (88%) of 25 patients with
the administration of a mean volume of 348 mL 5% DW
for an additional mean time of 9.3 min. There was sub-
stantial improvement in the visibility in 93.4% (15/16) of
the partially visible tumors and in achieving a better path
in 77.8% (7/9) of the tumors with a poor electrode path.
The primary technique effectiveness rate for hepatic
dome tumors was 96% (24/25) as seen on a one-month
follow-up CT (Figs. 4, 5). Except in one case that showed
a transient injury, there was no diaphragmatic thermal

Fig. 4. Successful ablation using artificial ascites in a 59-
year-old woman with HCC. (A) Contrast-enhanced transverse
CT scan obtained during arterial phase before RF ablation
shows a 1.8-cm-diameter HCC (arrow) in the high dome of
liver segment 8. (B) Planning ultrasonography shows a subtle
hypoechoic nodule in the hepatic dome. However, there is no
proper RF electrode path owing to an overlapped costo-
chondral junction (arrow). (C) Ultrasound obtained after
introducing artificial ascites via an 18 gauge spinal needle
shows a more conspicuous index tumor (arrow) due to
improvement of the sonic window. (D) Ultrasound during
ablation shows a hyperechoic ablation zone including the in-

dex tumor (arrow). (E) Contrast-enhanced transverse CT
scan obtained during arterial phase immediately after RF
ablation shows a 3.0-cm-diameter RF ablation zone (arrow)
with a proper ablative margin. (F) Contrast-enhanced coronal
CT scan obtained during arterial phase immediately after RF
ablation shows a 3.0-cm-diameter RF ablation zone (arrow)
that is separated from the diaphragm. There is no thermal
injury to the abutting diaphragm. (G) Contrast-enhanced
transverse CT scan obtained during arterial phase at one
month after RF ablation shows the RF ablation zone without
residual unablated tumor progression (arrow). The artificial
ascites has been completely absorbed.
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injury. No complication related to artificial ascites oc-
curred during the follow-up period [16]. Hinshaw et al.
demonstrated that pretreatment with intraperitoneal 5%
DW before RF ablation of 20 patients with peripheral
liver tumors decreased pain, narcotic use, and length of
hospital stay [19].

Safety of artificial ascites

Traditionally, the ascitic fluid was thought to wash
away thrombogenic material at the puncture site and
decrease the ‘‘tamponade effect’’ from the opposing
parietal peritoneum against the liver [20, 21]. However,
our study of demonstrated that induction of artificial
ascites was a safe procedure. No patient showed
immediate or delayed hemoperitoneum or peritonitis.
The artificial ascites was spontaneously absorbed in
most patients within 1 week. This may result from
coagulation of the electrode path when we removed the
electrode. Furthermore, based on our results, we now
doubt if the introduction of ascites should be regarded
as a relative contraindication for percutaneous RF
ablation in patients with a correctable coagulopathy.
Recently, we perform RF ablation with artificial ascites
if the prothrombin time ratio is greater than 50%
(prothrombin time with international normalized ratio
<1.7) and a platelet count is greater than 50,000 cells/
mm3. However, the operator should carefully manipu-
late and monitor the needle tip if a spinal needle is used
for introduction of fluid (Fig. 6). The needle for artifi-
cial ascites should be removed after achieving artificial
ascites at the time of RF electrode insertion as it is
difficult to monitor both the spinal needle and RF
electrode simultaneously.

Advantages and limitations of the use
of artificial ascites

The main advantage of the use of artificial ascites over
artificial pleural effusion is to achieve two goals,
including improving the sonic window and providing an
insulating effect from thermal injury [22–24]. Artificial
pleural effusion may be beneficial in cases of a tumor
located in the bare area or by the use of a nonthermal
ablative technique such as ethanol injection. US-guided
RF ablation with artificial ascites is more safe and cost-
effective as compared to CT-guided transthoracic
ablation as it can be performed with a less expensive
guiding modality (US) and requires a shorter procedure
time.

There are several technical limitations in introducing
artificial ascites. First, the main obstacle in introducing
artificial ascites is peritoneal adhesion due to prior
treatments (surgical resection, transarterial chemoemb-
olization (TACE), or thermal ablation) (Fig. 7). In our
study, two of three cases with technical failure had a
history of previous surgery [16]. Therefore, an operator
should keep in mind that these two factors are the most
common causes of technical failure for successful
induction of artificial ascites and consider an alterna-
tive approach or treatment. Second, the thickness of
artificial ascites is usually variable depending on the
location of liver. For example, the posterior part of the
perihepatic space is usually narrower than the anterior
or lateral part as the liver is attached as a bare area by
triangular ligaments. If a tumor is located in the bare
area of the liver, it is impossible to separate the tumor
from the abutting diaphragm (Figs. 8, 9). Third,
although the use of artificial ascites contributes to

Fig. 5. Successful ablation using artificial ascites in a 51-
year-old man with HCC. (A) Contrast-enhanced transverse
CT scan obtained during arterial phase before RF ablation
shows a 1.6-cm-diameter HCC (arrow) in the high dome of
liver segment 8. The index tumor was not visible on planning
ultrasonography. (B) Ultrasound after introducing artificial

ascites via a 5-Fr introducer sheath demonstrates the index
tumor clearly (arrow) due to the improved sonic window. (C)
Ultrasound during targeting the index tumor shows the RF
electrode traversing the tumor (arrow). (D) Ultrasound after
ablation shows a hyperechoic ablation zone, including the
index tumor (arrow).
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improving the sonic window, it is sometimes difficult to
target the index tumor because the liver floating on the
artificial ascites tends to be displaced during the inser-
tion of the electrode. Finally, the interposed omentum
may sometimes be an obstacle for successful induction
of artificial ascites (Fig. 10).

Summary and conclusion

Radiofrequency ablation with the assistance of artificial
ascites is a simple and safe technique for treating a he-
patic dome tumor abutting the diaphragm. One can
improve the sonic window and separate the RF ablation

Fig. 6. Hemoperitoneum related to introducing artificial
ascites in a 47-year-old woman with HCC. (A) Contrast-en-
hanced transverse CT scan obtained during arterial phase
before RF ablation shows a 1.3-cm-diameter HCC (arrow) in
liver segment 7. (B) Planning ultrasonography shows a subtle
hypoechoic nodule (arrow) in the hepatic dome that is barely
noted only in the deep inspiration state. In addition, the tumor
is abutting the diaphragm. (C) Ultrasound obtained after
introducing artificial ascites via an 18 gauge spinal needle
(arrow) shows the index tumor. However, the improvement of
the sonic window is marginal due to the tumor location close

to the bare area. (D)Ultrasound during targeting the index
tumor shows a RF electrode traversing the tumor (arrow).
During the ablation, we kept the spinal needle in the perihe-
patic space. (E) Contrast-enhanced transverse CT scan ob-
tained during arterial phase immediately after RF ablation
shows a hemoperitoneum (arrow) around the perihepatic
space. (F) Hepatic arteriograpghy shows two sites of extrav-
asations (arrows), suggesting arterial bleeding from the sub-
capsular area. (G) Hepatic arteriography after coil and
gelfoam emblization (arrow) shows no evidence of extrava-
sation from the bleeding sites.
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zone from the diaphragm by downward displacement of
the liver using a simple and inexpensive technique.
Complications related to artificial ascites including
hemoperitoneum are very rare. Peritoneal adhesion and
tumor location in the bare area are the main limitations
for the application of this technique.
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Fig. 9. Anatomical pitfall (left posterior subphrenic area) in a
63-year-old-man with HCC. (A) Contrast-enhanced trans-
verse CT scan obtained during arterial phase before RF
ablation shows a 1.0-cm-diameter viable HCC (arrow) pos-
terior to the Lipiodolized nodule in liver segment. (B) Planning
ultrasonography shows a hypoechoic nodule (arrow) posterior
to the Lipiolized nodule. However, the tumor is abutting the
diaphragm and heart. (C) Ultrasound obtained after intro-

ducing artificial ascites via an 18 gauge spinal needle shows
no separation of the index tumor from the abutted diaphragm
(arrow). (D) Contrast-enhanced sagittal CT scan obtained
during portal phase immediately after RF ablation shows a
3.0-cm-diameter RF ablation zone including Lidiodolized
nodule. Note the limited space (arrow) of the postero-superior
aspect of the left subphrenic space.
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Fig. 10. Omental fat as a limiting factor in a 53-year-old-man
with HCC. (A) Contrast-enhanced transverse CT scan ob-
tained during arterial phase before RF ablation shows a 1.8-
cm-diameter HCC in the high dome of liver segment 8. Note
the interposed omentum (arrow) at the perihepatic space. (B)
Ultrasound obtained after introducing artificial ascites via 5f

introducer sheath shows a more conspicuous index tumor due
to improving sonic window. However, the omentum (arrow) is
still located along the RF electrode path. (C) Ultrasound
during targeting the tumor shows more poor sonic window due
to the overlapped omentum (arrow).
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