R (B#E

&ER
S oA REEEE L (radiofrequency ablation : RFA) (&, BFHHEZE
(hepatocellular carcinoma : HCC) OFE—EIREEL B> TVEILENDEN
RIRELETH S, NITFHEEEDBEICEVWTIE. RFAOBEMNMEIFARFR OB
HrREECHREINTWVWS, £/, RFAIMERE - BEIXMDINETH S, 1
fRIRE FDHCCIE. RFAICKZDBEZITO ICIFFHRAIPU L ABINTWVWD, &
—IZ. TDELSHBERIF. FAROARICELZFHE T TBERERD REREIC
B31H. MBEZHFELICC WV, BEIIC. EREREISGEVIEBEICERDNH 555
MEREOHEZEC EDOMOREEDH ZEHIEICDENZIEENLHD. REMIC
BIHMEL BB HIRIRE TOHCCOBEICDOVWTIE, AV Ea—2HERT
(computed tomography : CT) 41 K T#EFHAIRFA. BEREER T R TR TR
EPREEAIRFA. ATRIZKECATLEKEZFER T ARFALRY. XIS XWAREE
PHRESNTWVWS, CNODOFEINTEARDMERZHIEEMRTSZ_LIETSE
BHEEEH D, TR IMER I XTI XREMHEES I SEITIHEENHD.
FIFMHEEL V. AR, BEBRETOHCCOBEZBN L LIcHEARRE
ME (People's Liberation Army : PLA) #8&¥RPRDAT - FEERANFRI TORERE
TEBEKEAA R TRFADEFZ F & H. COREEDERIRATEN & T2 = 51
I5HDTHB,
MRE L VHE
1L1R—Z1 4% 2013F18H 52016538 OHAMICEMRRE T DR
FMHCCLERRRICEZ IS NPREPLARSHEIEDAT - BERARIC AR L 1cBE
23[R RE Lico MRBEIEEM1I9F. 446 T. FHERIE57E10.7 (26
~T76) M CTHoTco REFREBICEVT, FICBHI SN MEREHI RO 5N,
EBEORKRREIF2.820.75 (1.5~4.1) cmTHofo 2FIIXT L. R TEE
WA R TFRFAZEREL 7o FHERICIDRDTDICHERIENTWVWBR EABRINE
FICIE. MRS AT —TILBAR{L FEE 2T (transcatheter arterial
chemoembolization : TACE) Z {7 L7 FhTRIDEEE DAFHEEIX. Child-
Pugh$E8TU S XA (18f) F£7id7 > ZB (4fl) . L < IFFHREFI DR
BEDRFFEEEITOTRICT FRAFTZI FRBE B 72U FRC (16]) @
WInNHTH o7,
12 WREES KUBRNEE M REZE DR S K OMERRHC K B FHETF
MizZT5NBETO+D B OIMEEEN B 2 L HIE SN, ARIFil. BEof.
VR=RTT 3 VEE. BLUBHRRERGEDREBEZUAICZITTE 5. i
B D FFHEBEN'Child-Pugh338T O S RAFE 7cld U 5 XB. H L IZFFRER D
REEEEITOIRICISAAFEIF VS ABER T2V T RCOVWTNH TH
D, HCCOBEEL LTRFAZREDEZHD TERENISERL TWLWSEE, BRAE
£ REXITZDMDGEZIT o I BRDAFEEED KA L L TChild-Pugh 48
TY ZRACICHEE L. MRERME X IFEEREFmMENDH D 1) 2 /NEERR
ISR RERHERO SNDEE,
1.3 57 RFAD#EESICIE. Cool-tip™ RF Ablation System (Valleylab. X[E) %
FRLT. BEICEEMEX/IZV FAFZ—BROWVWINZFERT 3hIE. BEY
1 XAZBITRE L Tco RFAOBBDBEIFABDKBERBIC & D20~25°CICHERF
SN, FINETEREEBRIERMLICTEEME T TREREZR T o RFADOFIE
IUATDOEEDTH B, 1) IL—FUORBEEREZFBL. FFE. RESB. BB
B, BEREzRELT, 2) EROBYZEAUEZEIRTEFEOHI LT, &
BEBRENSEBIFARZFA LT, STPS8DXIFPS4aD—EBDXIFICAIET S
BEOHEE. BBOBEAMBEL LT, I TADOMEMADMERZERL. &
BFy Tz LASICERSEERILE (K1) . S20XIHPS4aD—EBDXIFIC
(IET2EEDHS. MIMREBETHSEBEZEA LT, 3) BRI, M. DERY
DEEZBERTBZHBRVEL SIS, BEFY TRBICEEEREOEE TR R
BZREICLTECESERE LT, BAKERZEERNICHEARICZEOUBEZEE
TRDEHRERD) XAV ZBRI T8RN H 2D Fy TZEAICKRTT D
CETNBEEEDOMREN G %55, 4) EMODIEAR. RFAZRAHITHIEL
Tco 74— RNV I RATLIZED, H71ZBHRIIC1I60WH S5 200WDEE TH
BT BMEEREIZEEY 1 XICLD12~249TH ol FHDOEHZEE
ZREMOBEERLEEY A IICLDRE LT, BRORICEOAERZIREL
5) R OBARICKEZRB L. BEROEM. BEE. $LUVZOMDIRE
ZHRANT, HMIFHEICIEC T B, BXEE. LEgICK>TREL . B8
BERETIEIRBDTETLVEREE TOERICDOWTIE. BER T CTEERICE
KLU, BERREOEEHLOARICLS TSR (K1B) . 6) RFADENE
%, EECAEDOHEMRBOBNAEEDI-OET IHEaHH 1. BERE
HATTOEED_OBEOE bz AL TEERER T TOREDENNHVENIT
HHTL. KIBAREEZ & > (REBESKEZRIEL: (K1C) . 7) 8
FERIER T TOBERIC. HERIECZEDOMDIBEANDEHNIBEZMZ 570, K
IR RE DUBZIRKA Lo BES L UBREBEDEMER. BOBAERZERIC
KRELTc, EMOREEISEEEICA > THIOEZNDHZBUDEEZE
T2 8)IRREBDIUBIC K DERITIREDNT RYIFARIC. BRRESZHITL
7o
2 fER
2.1 AR D £ 5 IKAE BEL2FICHVT, BERETEBE KT R TRFA
ICKBBEIEHI LT, MPIFEBBELDOREREZE LT, FMPLRICKE
Hin, BEE. EEMK. ISEEYOEELRESHFHENEE LIFIZEL o7
BEL0f (43.5%) ICEEDKIK (=50mL) HIRICERO shfch. LWIFho
BlHBRICHE LT, MBICEOFARREZHFADEENDRVIH, TRHERICE
BLTco TIRTOEBEICEVT, MBO SV RAT7IF—EDEIC—BEDOHE
EDLENASNIH. FHREREZRICEREICEE L. £2BFBICEVWTEM
D2~3HZRICEMCTEIRIE L. MR LIERCTER R L (K
2A) o CTEREICED. Y —VIZEEIMIE L TWcEseEZz hN— L1
CEHEASHMIE o (K2B) o EBHAEAEBEDIOHDCT F IFBK[EREIRE
(MRD) IC&2BEBEEZFMDLIHARICEHBLE (K20) .
22 EBMREDIOHDRIE 2EBBICHLEREZEML . BIMREDD
DRPEIFFMDLIN BRICEIBIN. TDRIFIHAICIEIE & >Toe 2F&IEK
PrDfRZE3I~6 N Bl CICEFTERT D UM TE oo BHFFABED 7= DK
ICHFRBDERCTEIEMRIZEFEL. a-7 = b 7071 VR EEEDIRE X)L —
FUOMBEREDIToTco RAKRDHRE L o TcBEDTTETHARIF22 (9~
38) HnATHolco BEPHEBRICEFMBER X IIFERNGZB ZRLICEEIFL
BhvoTz. BESH (21.7%) ($BEEEI~9H B CTHEICZRBREZEL. B
REYICIE. PIEIBEE D26 0 BEICTET L1-BED LA, FIEIBED1I3HBEICE
fREix 2 LTcBED LA KO DIFULBEERSHETERELTWS, EE1H
S D3H BRICBAMFREDI-HIET L1, EDDEELTH (73.9%) (&7
BOEPEEDRFRICHA LDDBRWVWEEREZZE L. EHREFRICEEOBER
DEENEOH SNIEE TV AL -7 (K3) ,
3IER
S5/ BEERELIEREHCCOBEICE VT, RFAOBEMEIZARIBITIREF
FTH3. RFAICIFEREMENMBEVE LWSHIERAH DD, BERIPEFEVLEVLD
EbHD. HCCICX T BRFAIIARIFMIICLL L TRFIBEEXRLEV. BH. B
ZRERICITS CC3IEBREEE D DIRENELKRETH D, FTRERBEM
IFHCCOBR LR DugEM z MIANICEH D, —EIRD TORERRFALETE
T IBIF. RBBREFEZ I FO-ILT3ILICLDHCCOLENLEREZ
BFIE. BEDFREZHETDZIETHS . RFAKMOFONARBEIL. LW
ICL TR EHEZINR. BEONMEZR/RICHIZ AN S5—[ERD TEEZT
2B TEIDEVWSIRTH B,

BER + RXRIEF SRR

Radiofrequency ablation (RFA) is a safe and effective first-line treatment
modality for hepatocellular carcinoma (HCC). It has been reported that the
efficacy of RFA for the treatment of small HCCs that fulfil the Milan criteria is
similar to that of surgery. In addition, RFA is a minimally invasive and low-cost
procedure. It is indicated for HCC beneath the diaphragm, which is
considered a special site for this treatment modality. There are several
reasons for this. First, tumors at this site are difficult to locate because of the
unclear ultrasound images resulting from interferences from lung gases.
Second, the proximity of the tumors to the diaphragm may cause thermal
injury to the diaphragm and other related complications, ultimately resulting
in poor treatment efficacy. Various modalities have been suggested for the
treatment of HCC beneath the diaphragm, including computed tomography
(CT)-guided transpulmonary RFA, laparoscopic-guided transthoracic
transdiaphragmatic RFA, and RFA using artificially induced pleural effusion
and ascites. While these techniques offer solutions for the aforementioned
problems to some extent, they are not without pitfalls. For example, their use
may cause trauma and many complications, and they are difficult to perform.
Moreover, although RFA has the advantage of being minimally invasive , it is
associated with a slightly higher recurrence rate and a higher rate of local
recurrence for HCC than surgical resection. In addition, repeat ablation is
notably more difficult to perform than initial ablation, and it also inevitably
increases the chances of recurrence and metastasis of HCC.

This study aimed to summarize the experience of using laparoscopic-assisted
ultrasound-guided RFA for the treatment of HCC beneath the diaphragm at
the Department of Hepatobiliary Surgery, Chinese People's Liberation Army
(PLA) General Hospital and to evaluate the feasibility and safety of this
treatment modality.

Materials and methods

1.1 Baseline patient characteristics

Between January 2013 and March 2016, 23 patients who were clinically
diagnosed with primary HCC beneath the diaphragm and were admitted to
the Department of Hepatobiliary Surgery at the Chinese PLA General Hospital
were included in the study. There were 19 men and 4 women, with a mean age
of 57£10.7 (range, 26-76) years. All patients had a newly diagnosed solitary
tumor, and the largest tumor measured 2.8%0.75 (range, 1.5-4.1) cm in
diameter. All patients underwent laparoscopic-assisted ultrasound-guided
RFA. Patients who were considered to have adequate blood supply after
assessment were treated with transcatheter arterial chemoembolization prior
to operation. Patients had preoperative hepatic function of Child-Pugh Class
A (18 patients), Class B (4 patients), or Class C that had improved to Class A or
B after conservative treatments, such as hepatoprotective therapy (1 patient).
1.2 Inclusion and exclusion criteria

Inclusion criteria: adequate cardiopulmonary function for undergoing surgery,
as assessed by a cardiologist and an anesthesiologist; no previous treatments
such as surgery, ablation therapy, interventional treatment, or radiotherapy;
preoperative hepatic function of Child-Pugh Class A (18 patients), Class B (4
patients), or Class C that had improved to Class A or B after conservative
treatments, such as hepatoprotective therapy (1 patient); and willingness (of
both the patients and their families) to select RFA as the treatment modality
for HCC.

Exclusion criteria: hepatic function of Child-Pugh Class C after
hepatoprotective or other treatments; presence of portal vein tumor thrombus
or bile duct tumor thrombus; and presence of lymph node or distant
metastasis.

1.3 Methods

The Cool-tip™ RF Ablation System (Valleylab, USA) was used. Whether single or
cluster electrodes were to be used for ablation was determined based on
tumor size. The internal water cooling system ensured that the temperature of
the RFA electrode was maintained between 20°C and 25°C. All patients were
placed in the supine position in the operating room, and general anesthesia
was administered, followed by tracheal intubation. The RFA procedure was as
follows: 1) routine ultrasonography was used to examine the liver, lesion,
gallbladder, and abdominal cavity. 2) An appropriate electrode insertion point
was selected under ultrasound guidance. Generally, for tumors located in
segments VII, VIll, and part of IVa, the intercostal spaces near the lower ribs
were selected as electrode insertion points, and an incision was made with
the tip of the electrode tilted upward (Figure 1). For tumors located in
segments Il and part of IVq, the electrode was inserted using the subxiphoid
approach. Note that the tip of the electrode should always be visible under
ultrasound guidance to avoid puncturing organs such as the diaphragm,
lungs, and pericardium. This also helps avoid the need to change the insertion
point of the radiofrequency electrode after insertion into the tumor, which
could increase the risk of intrahepatic metastasis. 3) After the electrode was
inserted, RFA was initiated at the maximum power, and a feedback system
automatically adjusted the power output to a range of 160 W to 200 W. The
ablation time was 12-24 min depending on the tumor size. The tumor size also
determined whether the ablation area needed to be changed. The ablation
electrode was withdrawn after the ablation. 5) A pneumoperitoneum was then
created for laparoscopic entry to detect hemorrhage, biliary fistula, and other
conditions in the abdominal cavity. When necessary, bleeding was treated
using compression, electrocoagulation, and plugging. For tumors beneath the
diaphragm that were not visible on ultrasonography, water was injected into
the abdominal cavity under laparoscopic guidance to reduce the gas
interference on the ultrasound monitor (Figure 1B). 6) After RFA, the tumor and
surrounding liver tissue may change color due to thermal injury. The color
changes of the tumor under laparoscopic visualization were used to
determine whether supplemental ablation under laparoscopic guidance was
required to ensure complete tumor destruction with a considerable safety
margin (Figure 1C). 7) During ablation under laparoscopic visualization,
procedures such as suction and flushing were employed to reduce thermal
damage to the diaphragm and other organs. After ablation and examination,
the ablation electrode was slowly withdrawn. Potential bleeding along the
electrode path or biliary fistula was managed. 8) The small incision at the
abdominal wall created by the minimally invasive procedure was sutured in
layers. 2 Results

2.1 General patient condition during the perioperative period

All 23 patients were successfully treated with laparoscopic-assisted
ultrasound-guided RFA. All patients were stable during the operation. There
were no serious complications, such as massive hemorrhage, biliary fistula,
severe pleural effusion, or hemopneumothorax during or after the operation.
Ten patients (43.5%) had mild pleural effusion (<50 ml) after the operation,
which improved spontaneously. A few patients had postoperative shoulder
discomfort that alleviated after rest. All patients had a transient, moderate
increase in postoperative transaminase levels, which returned to normal after
liver protective treatments. All patients underwent plain CT evaluation 2-3
days after the operation, and the images were compared with the contrast-
enhanced images taken prior to the operation (Figure 2A). The CT examination
revealed that the ablation zone covered the entire area in which the tumor
was located (Figure 2B). Follow-up examinations with CT or magnetic
resonance imaging (MRI) were initiated 1 month after operation (Figure 2C).
2.2 Follow-up visits

All patients were followed up 1 month after the operation and once every 3
months thereafter. After 2 years, the follow-up interval could be extended to
every 3—6 months. During the follow-up visits, contrast-enhanced CT or
magnetic resonance imaging of the liver, evaluation of alpha-fetoprotein
levels and hepatic function, and routine blood tests were also performed. The
average follow-up period of the patients included in this study was 22 (range:
9-38) months. No patients had local recurrence or transcoelomic metastasis
to the abdominal wall and diaphragm. Five patients (21.7%) developed distant
recurrence in the liver 4—9 months after ablation. Of these, 1 patient died 26
months after the initial ablation, another patient had distant metastasis 13
months after the initial ablation, and the 3 remaining patients have survived
till date. Among the other 18 patients without distant tumor recurrence, 1
patient died of acute liver failure 3 months after ablation. The remaining 17
patients (73.9%) had satisfactory recovery during the postoperative follow up
visits, with no signs of tumor recurrence identified during regular examinations
(Figure 3).

3 Discussion

The efficacy of RFA is for the treatment of primary HCCs that fulfill the Milan
criteria is similar to that of surgery. RFA has the advantage of being minimally
invasive, but it also has a slightly higher recurrence rate than surgery.
Compared with surgery, RFA for HCC has a higher rate of local recurrence. In
addition, repeat ablation is notably more difficult to perform than initial
ablation, and it also inevitably increases the chances of recurrence and
metastasis of HCC. One-off complete RFA that reduces the overall recurrence
rate of HCC by controlling the local recurrence rate may improve patient
prognosis. The main challenge associated with RFA involves achieving one-off
complete ablation of the tumor while reducing postoperative complications

and minimizing trauma to patients.



