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Abstract
Purpose To investigate the outcomes of radiofrequency ablation (RFA) following artificial ascites (AA) and artificial

pleural effusion (AP) creation for hepatocellular carcinoma (HCC) in high-risk locations.

Materials and methods Eligible patients were divided into 2 study periods (non-AAAP and AAAP groups) with AAAP

performed in the latter period. Local tumor progression, primary technique effectiveness and complications were compared

between patients with and without AAAP. Cumulative probability of local tumor progression and overall survival were

estimated with Kaplan–Meier curves.

Results One hundred thirty-eight patients with 195 tumors were evaluated. AAAP was performed in 48 patients with 76

tumors. Local tumor progression rates at 12 and 24 months were 9.3% and 22.2% in the non-AAAP group versus 5.5% and

9% in the AAAP group (p\ 0.0001). Primary technique effectiveness was achieved in 76.5% of the non-AAAP group

versus 89.5% of the AAAP group (p = 0.046). Night (7.6%) major complications occurred in the non-AAAP group and 2

(2.6%) cases occurred in the AAAP group. Therapy-oriented severity grading system after RFA was lower in the AAAP

group (p = 0.02). Overall survival rates at 12 and 24 months were 85.6% and 77.7% in the non-AAAP group versus 97.2%

and 89.7% in the AAAP group (p = 0.033).

Conclusion RFA following AA and AP for high-risk located HCC may improve outcomes.

Keywords Artificial ascites � Artificial pleural effusion � Hepatocellular carcinoma � High-risk location � Radiofrequency
ablation

Introduction

Radiofrequency ablation (RFA) has been proven to be a

first-line curative treatment for very early stage or unre-

sectable early stage hepatocellular carcinoma (HCC) [1–6].

It has gained wide acceptance for the treatment of HCC

because of its effectiveness, safety, predictable ablation

extent, and minimal invasiveness [7–11]. However,

sonography-guided percutaneous RFA for high-risk located

tumors is technically challenging because of poor tumor

visualization or suboptimal electrode path due to over-

lapped lungs or ribs. There is also a substantial risk of

thermal injury to surrounding structures including the

diaphragm and gastrointestinal (GI) tract [12, 13]. There-

fore, an optimal outcome after RFA may be compromised

due to incomplete ablation or injury to nearby structures

[14, 15]. Several strategies have been employed as an

adjunct to percutaneous RFA for tumors in problematic

locations. These include the use of artificial fluid, com-

bined use of ethanol injection and RFA, low power RFA

(B 120 W), balloon catheter interposition, different radio-

imaging guided modalities, and laparoscopic or open

approaches [16–27].
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The induction of artificial intraperitoneal and

intrapleural fluid was first utilized to reduce the diaphrag-

matic injury during RFA [17, 19, 28]. However, large-scale

survival analysis of artificial ascites (AA) and artificial

pleural effusion (AP) creation during percutaneous RFA is

scarce. Consecutive adult patients with HCC receiving

RFA have remained cared in our hospital as ablation

techniques for high-risk located tumors have continued to

evolve. This allows us an ideal setting to assess the out-

come of artificial intraperitoneal and intrapleural fluid

creation and to investigate the proposition that this tech-

nique could have had an impact on patient’s outcomes.

Materials and methods

Patients

This retrospective study included 138 consecutively reg-

istered patients with HCC located in high-risk locations

undergoing RFA in Chang Gung Memorial hospital, Lin-

kou Medical center between January 2004 and June 2008.

The indication criteria of RFA for HCC were as follows:

(1) tumors were surgically unresectable or the patient

voluntarily chose nonsurgical treatment, (2) total serum

bilirubin concentration was lower than 3 mg/dL, (3) pla-

telet count was 50 9 109/L or greater, (4) international

normalized ratio (INR) was\ 1.5, and (5) no extrahepatic

metastasis or vascular tumor invasion was observed.

Patients who underwent transarterial chemoembolization

(TACE) and other forms of loco-regional treatment within

1 year before the intended RFA were excluded. Informed

consents were obtained from all patients prior to RFA and

the creation of AAAP.

HCC was diagnosed through the presence of a hyper-

vascular liver mass in the arterial phase of a dynamic

imaging study [computed tomography (CT) or magnetic

resonance imaging (MRI)] with contrast washout during

the portal or delayed phase, or cytologic or histopathologic

findings. HCC in high-risk locations was defined as those

located\ 5 mm of vital structures, such as the liver cap-

sule, heart, lung, gallbladder, kidney, GI tract, or dia-

phragm. The Edmondson and Steiner classification was

used to grade HCC [29]. Baseline demographics, bio-

chemical tests, serum alpha-fetoprotein (AFP), and RFA

settings were recorded. Patients were analyzed according to

two time periods: prior to and after the adoption of AAAP

creation for tumors in high-risk locations.

Between January 2004 and September 2006 study period
(Non-AAAP group)

Percutaneous RFA was performed under real-time sono-

graphic guidance (Aplio SSA-700A, Toshiba, Japan) in a

large 3000 bed tertiary referral center by three interven-

tional hepatologists who had more than 10 years of expe-

rience in performing interventional procedures and

surpassed the critical threshold of learning curve [9]. Either

one of three devices was used: an internally cooled elec-

trode with a 3 cm uninsulated tip (Cool-tip radiofrequency

system, Radionics), an expandable electrode with 10–12

tines extending to 2–4 cm in diameter with impedance

monitoring (LeVeen electrode, RadioTherapeutics), and an

expandable electrode with 9 tines extending to 3–5 cm in

diameter with temperature monitoring (Starburst XL, RITA

Medical Systems). The selection of the type of electrode

was dependent on the operator’s preference or health

insurance restrictions. The internally cooled electrode and

the expandable electrode with temperature monitoring

were operated according to the manufacturers’ instructions.

The expandable electrode with impedance monitoring was

operated according to an interactive algorithm described

elsewhere [30]. Multiple overlapping ablations were per-

formed as appropriate to achieve a 5–10 mm ablative

safety margin around the tumor when feasible. Electrode

track thermocoagulation was routinely performed with a

power of 20 watts on withdrawal. A standard protocol for

conscious sedation consisting of 30 mg meperidine

hydrochloride (Demerol USP) and 3 mg midazolam

(Dormicum Roche) was administered intravenously prior

to ablation. These doses were then titrated to achieve an

adequate comfort level throughout the procedure. Local

anesthesia was applied with 1% lidocaine hydrochloride

along the planned puncture site. Occasionally, combined

percutaneous ethanol injection (PEI) and RFA were done

in tumors close to blood vessels to reduce the heat sink

effect with the use of 21–22 gauge, 15–20 cm long needle

to inject 1–5 mL of 99.5% ethanol into the tumor while the

RFA electrode was positioned 5–10 mm away from the

PEI needle [20]. We routinely did follow-up sonography

the following day to see if any complications appeared, and

gave cefuroxime 750 mg IV q12 h for 1–2 days after RFA

to avoid infection.

Between October 2006 and June 2008 period (AAAP group)

A customized strategy of ultrasound-guided AA and AP

creation for tumors in high-risk locations was adopted in

this unit since October 2006. An 18 gauge needle was

inserted gently through the intercostal space to position its

tip between the costal and diaphragmatic parts of the

parietal pleura to create AP for tumors abutting the
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diaphragm and subcapsular in location. The needle was

considered correctly in place if there was no resistance

during the test injection of 20 ml water containing 5%

dextrose (D5 W). Infusion of D5 W was continued until

adequate separation of the tumor and adjacent structures

had been achieved as evidenced by an at least 5–10 mm of

fluid space by real-time ultrasonography. AA was induced

for tumors located in close proximity to vital structures by

inserting the 18 gauge needle just in front of the surface of

the liver. For tumors close to gallbladder, an initial 20 mL

of D5 W solution was injected into the gallbladder fossa

with a 20–22 gauge needle. This technique allows sepa-

ration of the liver tissue from the gallbladder cystic plate.

For tumors located near the GI tract, the patient is placed in

the right oblique lateral position to allow bowels to move

away from the liver. Successful separation was defined as

creation of an at least 5–10 mm fluid space between the

lung and the diaphragm for AP or between the liver surface

and the adjacent organs for AA in order to visualize the

index tumor or/and make the radiofrequency electrode path

feasible. RFA was started as soon as the fluid space was

made and before the fluid settled down into the dependent

portion of the abdomen.

Follow-up protocol

A dynamic imaging study (CT or MRI) was performed for

all patients 4 weeks after RFA for assessment of the

completeness of ablation. A complete ablation of the tumor

was defined as an area of low attenuation on contrast-en-

hanced CT or MRI that encompassed the area of the index

tumor with no nodular peripheral enhancement on dynamic

studies. Dynamic imaging studies, liver function tests, and

AFP measurement were repeated every 3–6 months after

achievement of complete ablation.

Study endpoints

The primary endpoint of this study was local tumor pro-

gression. Local tumor progression was defined as the

appearance of tumor foci at the edge of the ablation zone

after at least one dynamic follow-up image has documented

the index tumor was previously completely. The secondary

endpoints were primary technical effectiveness, procedure-

related complications and overall survival. Primary tech-

nical effectiveness was defined as complete ablation of the

index tumor after one or more RFA sessions. These end-

points were mostly based on the document set by the

International Working Group on Imaging-Guided Tumor

Ablation [31]. The definitions recently outlined by the

Society of Interventional Radiology were used for major

and minor complications [32]. Major complications cause

hospitalization for therapy, an unplanned increase in the

level of care, prolonged hospitalization, permanent adverse

sequelae, or death; minor complications cause no sequelae,

nominal therapy, or a short hospital stay for observation.

Objective evaluation of post-procedural complications was

categorized based on the therapy-oriented severity grading

system (TOSGS) (Appendix) [33].

Statistical analysis

All index tumors were assessed for local tumor progres-

sion, primary technical effectiveness and complications

between two study periods. The survival rates of two

groups were compared with at least 6-month follow-up

period. Patients with multiple index tumors in whom not all

tumors were managed with RFA were excluded from the

survival analysis. Continuous and categorical variables

were analyzed with the independent student t test or Mann–

Whitney U test and Chi square test or Fisher’s exact test,

respectively. Cumulative probability of local tumor pro-

gression and overall survival were estimated with Kaplan–

Meier curves. Variables with p B 0.1 were included in the

multivariate analysis. Cox regression analysis with forward

logistic regression was used to model independent predic-

tors of local tumor progression and survival. A value of

p\ 0.05 was considered significant. All statistical analyses

were performed with statistical software (SPSS V.13).

Results

A total of 138 patients with 195 tumors underwent RFA

during the study period. Seventy HCC patients were his-

tologically proven while the remaining sixty-eight patients

were diagnosed using 2 positive imaging studies. There

were 119 tumors in the non-AAAP group and 76 tumors in

the AAAP group. Patients were comparable in age, sex,

tumor size, segment and special location (Table 1). One

hundred and one nodules (51.8%) were subcapsular and 94

nodules (48.2%) were adjacent to vital organs. AA was

created in 60 (78.9%) tumors, AP in 13 (17.1%) tumors and

both AA and AP in 3 (3.9%) tumors. Successful separation

was achieved in 74/76 (97.4%) of cases for 23 ± 9 min,

and created a 2.6 ± 0.4 cm fluid space. The mean amount

of artificial intraperitoneal or intrapleural fluid infused was

822 (range 350–1750) ml.

Local tumor progression

Local tumor progression was evaluated exclusively among

treatment-naı̈ve nodules. The AAAP group had less local

tumor progression than the non-AAAP one (28.1% vs

48.7%, p = 0.036). About 80% and 20% patients received

RFA and TACE after local tumor progression, respectively.
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The cumulative incidence of local tumor progression

among nodules in the AAAP group was statistically lower

than the non-AAAP group with 0%, 5.5%, and 9.0% at 6,

12, and 24 months versus 3%, 9.3%, and 22.2%, respec-

tively (p\ 0.0001) (Fig. 1). Tumor size[ 4 cm (adjusted

HR 3.4, 95% CI 1.6–7.6) and failure of achieving complete

ablation (adjusted HR 5.0, 95% CI 2.5–10.0) were asso-

ciated with local tumor progression (Table 2).

Table 1 Patient and tumor characteristics

Non-AAAP group 90 patients, 119 tumors AAAP group 48 patients, 76 tumors P value

Age in years 67.4 ± 11.8 65.8 ± 11.2 0.270

Male gender 48 (53.3%) 38 (79.2%) 0.073

Etiology of liver disease 0.198

Hepatitis B 37 (41.1%) 21 (43.8%)

Hepatitis C 33 (36.7%) 11 (22.9%)

Others 20 (22.2%) 16 (33.3%)

Tumor diameter 0.678

\ 3 cm 74 (62.2%) 44 (57.9%)

C 3 cm 45 (37.8%) 32 (42.1%)

Tumor grade 0.164

I–II 67 (59.8%) 35 (55.6%)

III–IV 45 (40.2%) 28 (44.4%)

Segment 0.373

Segment 2 2 (1.7%) 5 (6.6%)

Segment 3 6 (5.0%) 2 (2.6%)

Segment 4 11 (9.2%) 11 (14.5%)

Segment 5 21(17.6%) 10(13.2%)

Segment 6 28 (23.5%) 21 (27.6%)

Segment 7 23 (19.3%) 13 (17.1%)

Segment 8 28 (23.5%) 14 (18.4%)

Special location 0.852

Subcapsular 61 (51.3%) 40 (52.6%)

Proximity to vital organs 58 (48.7%) 36 (47.4%)

AFP (ng/ml) 0.801

\ 200 78 (86.7%) 40 (83.3%)

[ 200 12 (13.3%) 8 (16.7%)

ALT (U/L) 62.7 (9–358) 53.4 (10–483) 0.085

Total bilirubin (mg/dl) 1.1 ± 0.6 1.0 ± 0.7 0.331

Albumin (g/dl) 3.6 ± 0.6 3.7 ± 0.7 0.166

INR 1.2 ± 0.2 1.2 ± 0.2 0.281

Platelet (109/L) 109.2 ± 48.6 107.6 ± 57.2 0.276

Creatinine (mg/dL) 1.4 ± 1.0 1.1 ± 0.4 0.902

Child–Pugh classification 0.150

A 72 (80.0%) 42 (89.4%)

B 18 (20.0%) 5 (10.6%)

Treatment-naive 57 (63.3%) 28 (58.3%) 0.187

RFA electrode 0.067

Internally cooled 113 (95.0%) 67 (88.2%)

Expandable electrodes 6 (5.0%) 9 (11.8%)

AAAP artificial ascites/artificial pleural effusion, AFP alpha-fetoprotein, ALT alanine aminotransferase, INR international normalized ratio, RFA

radiofrequency ablation
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Primary technique effectiveness

Primary technique effectiveness for the AAAP group was

statistically significant compared with the non-AAAP

group (88.0% versus 78.4%, p = 0.046). There was no

significant difference in other treatment parameters

between two groups (Table 3).

Complications

A total of 195 tumors in 138 patients were treated with

RFA. Differences in major complications (7.6% vs 2.6%,

p = 0.565) and minor complications (10.9% vs 15.8%,

p = 0.173) between two groups were not significant

(Table 4). There were no procedure-related deaths. Two

patients developed liver abscess formation after 1 month

and percutaneous drainage was performed in one of them.

The incidence of electrode track seeding was 1.5%. In two

patients, cancer seeding along the presumed electrode tract

was identified at CT obtained 4 months and 23 months

after RFA, respectively. One case of tumor seeding was

histologically proven after surgical exploration as a con-

sequence of tumor rupture after RFA. One patient devel-

oped acute cholecystitis 3 days after RFA and with

resolution of symptoms after cholecystectomy. Clinical

assessment of post-procedural complications by TOSGS

showed that the AAAP group had a significantly lower

magnitude of complications compared to the non-AAAP

group (p = 0.02). Four patients with complications in the

non-AAAP group (17.4% vs 0%) required surgical inter-

vention while the entire AAAP group were managed con-

servatively. In the AAAP group, there was spontaneous

absorption of AA and AP within 3–5 days after creation.

The median hospitalization stay was 6 (range 2–26) days.

Overall survival

Twenty-five patients in the non-AAAP group and two

patients in the AAAP group died after a median follow-up

period of 25.1 (range 3.8–54.1) months [28.3 (range

3.8–54.1) months in the non-AAAP group vs 17.8 (range

Number of patients at risk

Pre-AAAP era 102 93 85 77 71 42 23 8 3

AAAP era 48 40 34 31 25 5

P <0.0001

Fig. 1 Cumulative local tumor

progression rates in the pre-

AAAP era (non-AAAP group)

and AAAP era (AAAP group).

AAAP artificial ascites/artificial

pleural effusion

Table 2 Univariate and multivariate analyses of factors associated

with local tumor progression

Univariate

analysis

Multivariate analysis

P value HR (95% CI) P value

Ablation

time[ 12 min

0.28

Multiple tumors 0.14

Subcapsular location 0.20

Tumor size[ 4 cm 0.001 3.4 (1.6–7.6) 0.002

Incomplete ablation \ 0.001 5.0

(2.5–10.0)

\ 0.001

HR hazard ratio; CI confidence interval
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5.2–33.7) months in the AAAP group]. No patient died as a

direct result of RFA and none died within 30 days of the

last RFA session. The causes of death were liver failure due

to sepsis (n = 8), esophageal or gastric variceal bleeding

(n = 6), massive pleural effusion/chest infection (n = 5),

portal vein thrombosis (n = 3), hepatorenal syndrome

Table 3 Comparison of treatment parameters and endpoints between non-AAAP and AAAP groups

Non-AAAP group 90 patients, 119

tumors

AAAP group 48 patients, 76

tumors

P value

RFA duration (minutes per tumor) 11.1 ± 4.3 18.6 ± 10.2 0.263

Mean number of overlapping ablation per tumor per

session (range)

1.7 (1-4) 1.8 (1-5) 0.187

HCC\ 3 cm 0.59

B 3 ablations 79 (100%) 47 (97.9%)

[ 3 ablations 0 (0%) 1 (2.1%)

HCC C 3 cm \ 0.0001

B 3 ablations 35 (87.5%) 18 (64.3%)

[ 3 ablations 5 (12.5%) 10 (35.7%)

Complete ablation after 1 session

HCC\ 3 cm 62 (78.5%) 35 (72.9%) 0.512

HCC C 3 cm 27 (67.5%) 21 (75%) 0.504

Primary technique effectiveness 76 (78.4%) 44 (88.0%) 0.046

Local tumor progression 55 (48.7%) 16 (28.1%) 0.036

AAAP artificial ascites/artificial pleural effusion, RFA radiofrequency ablation, HCC hepatocellular carcinoma

Table 4 Complications after RFA

Complications Non-AAAP group AAAP group P value

Major 9 (7.6%) 2 (2.6%) 0.565

Abscess 2 0

Tract seeding 2 1

Tumor rupture 1 1

Acute cholecystitis 1 0

Complicated pleural effusion 2 0

Thermal GIT injury 1 0

Minor 13 (10.9%) 12 (15.8%) 0.173

Pleural effusion 9 7

Ascites 0 2

PV thrombosis 2 0

IHD dilatation 3 0

Atelectasis 0 1

Postablation pyrexia 0 2

Therapy-oriented severity grading system 0.020

Grade 1: no specific intervention 19 12

Grade 2: drug therapy 0 2

Grade 3a: invasive therapy without general anesthesia 0 0

Grade 3b: invasive therapy under general anesthesia 4 0

Grade 4a: single organ dysfunction in ICU 0 0

Grade 4b: multiorgan dysfunction in ICU 0 0

Grade 5: death 0 0

AAAP artificial ascites/artificial pleural effusion, GIT gastrointestinal tract, PV portal vein, IHD intrahepatic duct, ICU intensive care unit
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(n = 3), and progressive encephalopathy (n = 2). Cumula-

tive probability of overall survival at 6, 12 and 24 months

was 94.4%, 85.6% and 77.7% in the non-AAAP group

compared to 100%, 97.2% and 89.7% in the AAAP group

(p = 0.033) (Fig. 2). Tumor size C 3 cm (adjusted HR:

2.7, 95% CI: 1.2-5.9) and creation of AAAP (adjusted HR

0.1, 95% CI 0.01–0.95) were associated with overall sur-

vival (Table 5).

Discussion

This study demonstrated that RFA following AA and AP

creation may improve outcomes in terms of local tumor

progression, primary technique effectiveness, degree of

procedure-related complications and overall survival for

HCC in high-risk locations. This has important clinical

implications since tumors in high-risk locations are asso-

ciated with poor prognosis [17, 19, 28, 34–36].

The creation of AAAP achieves two goals in promoting

a favorable clinical outcome. Firstly, it decreased the

magnitude of procedure-related complications as evi-

denced by a lower score of TOSGS. The hemodynamic

instability and multi-organ failure brought about by

mechanical and septic peri-procedural complications can

lead to a cascade of events that can compromise hepatic

functional reserve and survival [15]. Intraperitoneal and

intrapleural infusion act as a thermal blanket by ensuring

adequate separation of the ablation zone from the adjacent

structures. The non-ionic nature of dextrose water rather

than normal saline as an instillation also offers an ideal

buffer against heat injury. Saline, an ionic fluid, can con-

duct heat away from the ablation zone and increase the

electrical conductivity to adjacent structures [37]. AAAP

also improves the sonic window allowing the operator to

place the electrodes in a safe manner. Conceptually, ascitic

fluid has been thought to reduce the ‘‘tamponade’’ effect

from the opposing parietal peritoneum against the liver and

to eliminate thrombogenic substances at the puncture site,

but none of the AAAP patients developed procedure-as-

sociated hemoperitoneum in our study [14]. Electrode tract

thermocoagulation can induce a hemostatic effect thereby

accounting for the rarity of this type of complication.

Diaphragmatic and biliary tract heat injuries have also been

reported sporadically after RFA for subcapsular tumors

[38]. However, no patient complained of symptoms asso-

ciated with diaphragmatic paresis or biliary tract sequelae

in our study. Thermal injury to adjacent bile ducts remains

a challenge because bile flow is slow and has little cooling

effect in contrast to blood flow. Its influence on long-term

prognosis remains to be elucidated. Secondly, AAAP cre-

ation improved ultrasonographic image clarity allowing the

operators to perform multiple electrode placements to

ensure complete ablation of larger tumors which is crucial

to delay tumor progression. Although multiple electrode

placements have been correlated with electrode tract

seeding in up to 12% of cases in the previous report, the

rate of electrode tract seeding for RFA in our cohort was

low at 1.5% [15]. In the context of routine thermocoagu-

lation, the benefit of improved prognosis resulting from

Numer of patients at risk

Pre-AAAP era 89 85 76 72 68 42 25 11 4 1

AAAP era 47 38 33 26 10 4

P = 0.033
Fig. 2 Overall survival rates in

the pre-AAAP era (non-AAAP

group) and AAAP era (AAAP

group). AAAP artificial ascites/

artificial pleural effusion
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complete ablation outweighed the low rate of electrode

tract seeding. Complete ablation was achieved in 89.5%

(68/76) in the AAAP group versus 76.5% (91/119) in the

non-AAAP group. The modestly higher rate of technical

effectiveness in prior studies can potentially be explained

by a greater number of treatment sessions and smaller

tumor size in their cohort [17, 18, 28, 39].

The factors associated with local tumor progression

were tumor size and failure to achieve complete ablation.

In the present study, local tumor progression rate in the

AAAP group was 28.1%. This exclusively involved treat-

ment-naı̈ve nodules with a median follow-up of

21.5 months. Large variations in the reported rates of

tumor progression after RFA to tumors in high-risk loca-

tions from 2.1 to 76% can be attributable to the hetero-

geneity of median follow-up period, sample population,

and non-standardization of reporting criteria (Table 6). In

previous studies, subcapsular tumors and tumors abutting

hollow viscera were associated with higher local tumor

progression rate because of the inability to achieve a

0.5–1.0 cm tumor free margin [35, 36].

Tumor characteristics and hepatic functional reserve are

essential features as prognostic indices for HCC [40]. In

addition to these well-established factors, technical

parameters during RFA have been demonstrated to affect

patient’s survival for HCC in high-risk locations. With the

adoption of this strategy, survival rates of HCC in high-risk

locations have been reported to be compatible to that of

non-high-risk locations and patients who underwent sur-

gical resection [19, 41, 42]. This impact is crucial for

resection of HCC in high-risk locations to avoid post-op-

erative liver failure.

Table 5 Univariate and

multivariate analyses of factors

associated with overall survival

No. of patients or tumors Univariate analysis Multivariate analysis

P value HR (95% CI) P value

Male sex 86 0.45

Age C 65 years 88 0.49

Multiple tumors 42 0.60

AFP C 200 ng/ml 20 0.03 0.214

Local tumor progression 51 \ 0.001 0.081

Child–Pugh class B 23 0.050 0.081

Tumor size C 3 cm 53 0.02 2.7 (1.2–5.9) 0.014

AAAP group 90 0.017 0.1 (0.02–0.95) 0.044

HR hazard ratio, CI confidence interval, AFP alpha-fetoprotein, AAAP artificial ascites/artificial pleural

effusion

Table 6 Summary of studies involving the use of AAAP for HCC in high-risk locations

Source Patient

No.

AA or

AP

Follow-up

period (months)

TE Complication LTP Overall survival

Chen et al. [49] 215 AA NA 91.6% 3.2% 8.4% 81.6/63.8/53.6% (1/2/

3 years)

Kang et al. [50] 160 AA 52.5 NA NA 17.1%/27.6%/35.2%/

35.2% (1/2/4/6 years)

NA

Koda et al. [16] 23 AP 10.6 88% NA 4.5% NA

Kondo et al. [18] 52 AA NA 96% 1.9% 3.6% NA

Kondo et al. [19] 587 AP 33.6 NA 3.7% 76% NA

Nam et al. [51] 28 AA 37.4 NA 0% 26.7% NA

Rhim et al. [17] 25 AA 6 96% NA 16% NA

Teratani et al. [28] 207 AAAP 36 99.1% 5.8% 2.1%/2.1%/3.1% (1/2/

3 years)

NA

Uehara et al. [39] 36 AAAP 31.8 100% 7% 0% NA

Current study 138 AAAP 25.1 89.5% 18.4% 28.1% 100%/97.2%/89.7% (6/

12/24 months)

AAAP artificial ascites/artificial pleural effusion, HCC hepatocellular carcinoma, NA not available, TE technique effectiveness, LTP local tumor

progression, HR high-risk
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There are two limitations in out study. Firstly, we

acknowledged that a definite benefit of artificial intraperi-

toneal and intrapleural creation can only be demonstrated

in a large randomized controlled study. However it is

probably ethically unfeasible since these were already

perceived as practical means of safety and effectiveness

based on initial studies [2, 6, 16–19, 28]. Secondly, com-

parison between non-AAAP and AAAP groups was not

concurrent, and the AAAP cohort occurred subsequent to

all non-AAAP patients. Some level of change in survival

could be attributed to the improved medical care for liver

disease over the different time periods. It was also possible

that experience from the non-AAAP era contributed to

improved outcomes of the AAAP era.

The further approaches such as complementary use of

contrast-enhanced ultrasound and real-time virtual sonog-

raphy to overcome insufficient visualization by gray-scale

sonography and improve overall visualization of incon-

spicuous tumors can be recommended [43–45]. Employ-

ment of multipolar RF electrodes and the influence of

combined loco-regional therapy in large unresectable HCC

in special locations will play a crucial role in the

improvement of technical and clinical effect [46–48].

Prospective comparison of clinical outcomes between

percutaneous RFA with AAAP creation and laparoscopic

and surgical approaches is another area for future

investigation.

In conclusion, HCC in high-risk locations pose a chal-

lenge in the area of radio-ablative therapeutic modalities.

With the advent of AA and AP creation, survival of

patients with HCC in high-risk locations has significantly

increased as a consequence of reducing anatomical

restrictions to percutaneous RFA, expanding patient’s eli-

gibility using a minimally invasive strategy without jeop-

ardizing the primary technique effectiveness and

precluding patient’s exposure to the potential risks inherent

to laparoscopic and surgical approaches. The effort of

refining methodological protocols to meet the challenges of

RFA aids in the prevention of procedure-related compli-

cations and improves proficiency and competence of

interventional hepatologists in this center. This study has

demonstrated that a paradigm shift in the practice of RFA

reduces complications and improves survival in patients

with HCC in high-risk locations. Its application in high-risk

located tumors could be greatly advocated.
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Appendix

Grading of the therapy-oriented severity grading
system

Grade 1: no need for specific intervention

Grade 2: need for drug therapy

Grade 3a: need for invasive therapy without general

anesthesia

Grade 3b: invasive therapy under general anesthesia

Grade 4a: single organ dysfunction (including dialysis)

with ICU stay

Grade 4b: multi-organ dysfunction requiring ICU

management

Grade 5: death
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