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Radiofrequency Ablation of Rabbit Liver:
Correlation between dual CT findings
and pathological findings

Masashi Tsuda, Yuya Rikimaru, Haruo Saito,
Tadashi Ishibashi, Shyoki Takahashi,
Hideo Miyachi, and Syogo Yamada

Purpose: To present the time-related imaging findings and
correlative pathologic findings of radiofrequency pulse-ir-
radiated regions of the liver. Materials and Methods:
Radiofrequency (RF) ablation was performed in 22 rabbit
livers with 15-gauge RF probes inserted percutaneously.
Regions were imaged with dual-phase CT at 3 days (n=6),
2 weeks (n=6), 4 weeks (n=6), and 12 weeks (n=4)after RF
ablation.

Results: At 3 days, the regions showed a two-zone structure
on plain CT and peripheral enhancement. The regions pre-
sented a three-zone structure on pathological study. Hepa-
tocytes appeared as acidophilic bodies, and nuclei were
pyknotic at the inner necrotic zone. The middle whitish zone
showed enlarged sinusoids. The marginal zone was a regen-
erative band. At 2 weeks, the two-zone structure was obscured
on unenhanced CT. The region showed a two-zone structure
on pathological study. At the inner zone, acidophilic degen-
eration had progressed, however, cell structure remained.
The marginal zone showed fibrous tissue bundles. At 12
weeks, the region was obscured on plain CT. Nuclei and cell
structures had disappeared almost completely at the inner
zone. Collagen fiber had replaced the marginal zone.
Conclusion: Zone structural CT findings reflect the patho-
logical findings and time-related changes after RF ablation.
Peripheral enhancement in the arterial phase reflects the
granulation tissue layer, and its time-related decrease reflects
replacement by fibrous tissue.
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TR VERT RS B & DRSS VEIFHE (6 5 R R B 1E R 121
Bk 242417 (TAE; transarterial embolization) %2z #Y T
& J — JViE A (PEIT; percutaneous ethanol injection
therapy) - ¥ A 7 O &E[E#HE (MCT; microwave coagula-
tion therapy) % EDSEIT 5N 5 A%, 4E T T4 PBEH v
(RFA; radiofrequency ablation) 2587 72 2 {G#EE & L Tl
LNTWTWA, [GEHEEOHRAEIXFEICCTHFIM & ik
FEEBITEE AR E DO L VIR E SNTWBH, 1GER
o QWG R OFRMEICET 2 HE ISRV,
Solbiati & |ZHEFEVEIFIESS 124 LRFAZ ATV, 16823 71
BLU6 WADCTHRRAEZME L Ta. EHEOHFERVL
FRAF- O L & N WIER TR BER a8 3 X TR I i 5E5h
REBDLVE LT, EECTOFHORETTH Y
GHE 3 7 AUAOBTRIZOWTIRBRS A Tnin,
Goldberg 5 [ZRFA& (ZHFEH I U S 7z FHEMERES 1o
WTEIBREDCTHT R L YIBRIEAR & O3t 24T o T b, B
FECT TR 5B HLERDCTE D 8\ FRIsASREE HEIE % X
BLL T3 C LRSI ISR ERORN LR
IRRTN B A, WEDGERZ T HURIZE S, BiRHET

DIEFIROBREHIEN TRV, EEREIWIC X 2REHT
I%, McGahan*°Rossi 5437 ¥ [ & F\V e 5 8 F TOME
WA R &R Z T L TWA ™9, CTH RO
LR T LS IR o w, o0, EERE)
Wiz & Y BEH RO IF Odynamic study % & A 72CTHT R % ik
g Lxtlt$ 5 Z Lid, RFABRICCT CIHFFIFHE L8
B(2A7) ECEEN MR LGOI LRI AED
HEYIERFAIZ L O 7 FRHZBEE 2 R L, BEWEACT
BT &R R Lt - AT A2 LT
Hb.
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¥ 3 10mg/kgB L USRS 2 7 ¥~ 3mg/kgiiE® 1T -
7o BRIZIZ 7 = ¥ POV E Y —200mg/kg DEFHEE AT -
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T I F B ORTC ¥ = & L — % — (RF 2000B?, Bos-
ton scientific) 3 £ UFHE15 £} (Leveen? Needle Electrode,
Boston scientific) [, a)7x12cm DB % FIE L 72
FXOEEI S, b)EML CTREIERR, MEFFICAEEWT
% lemb) B L EMBET (15G) £ AR AL, ERES 1em
FTHEZRM L. )SWORNPSHIEL 1 452 &£ I125W
FTOMN%E LR, A v E¥E—F A LI
LolRERTHT Lz, MG 10WlL EzwL, L&
AW EDOEATBOBOD 1 T 2%EM L1280 T
(&, BERERAYEE RS B BRR S MUlifg b T OB EEET
Holzlzd EiloRESRMEE Lz,
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BERE 2B L 3 Hik(n=7), 28 (n=7), 4 (n=6)
B L U128 (n=6) D 4 BEIZ40 T, HACTE L O9ERCTO
BhARAH & FRAH & BRI T3 L7z, AN H AR 1
PR L7221 GHURET L A L7z, CTHRE SN © SiEHl:
AdE2ml/kg, ERANEAGEEE0.SmI/AY, BHIRAR 157614, F
firt 409072, M 120ky, FEH100mA, FOV ld4cm™
W1 Pz LEIIRH - P ORGSR & gie L7z,
JFRESEA R RIS 7 H Wi T RBIIRICROT 2 BXE L, Litod
EAGMTH SN Stime density curve K7z, 15012
WA DCTEDpeak DS 51, 40FHICHIERIZ L 5 &% 2
SN 2 [ HDpeak kB 7z. DO & &) EIRM % 158
%, Ptz 40l L7z,
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CTOHGAE T 1, /AR RLBENERDIZIZIEH & 2
B X IHE AN, S YIRS SmmOMMF R L
HRPITHRN T YEE L. BERIIE P EERE10% 5
V=) ra@R L BiliEY) 4umDEY/FE8F 7 1~
WAz 3 HAER L, Hematoxylin-Eosin#efh % Jifi L THH
Bls L ro 72,
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CT & 0 5 & N7 Wi{ERT L % JAk(% Lk e U7z, A
LD BT OEEZEN L7z, CTA 5 I3HEYERPIEE & IEH BT
EHROCTHD L% HlE L7z,

TR D ZORE I (Zunpaired-tHRE S, ERFE(LIZAET
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IS T26EM L, EBEF T4 P72
(FET=15%). 3 H#(n=6), 2 M (n=6), 4 A (n=6)B
K U127 (n=4) D 4 B THE 217072, 3INIBEN VL
PEHOMEIZIEE L, 1 INIERUSEOBME & 5%
ERIBAFCIER &£ 2 Shiz, BRRE»SRTETO
IRE[H] 1228157 £4.8175 (12080~ 1958) TH- 2 72 Bam O
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1. B/ 3 B

a)CTAT L | BERERIE 3 RitiEZ 2 L, P.OEa2 8 LD
EWIT LD IFEE & VIR R L, RIVE IR
DOEIRIX TP & 88 S 1 2 JFFER & SR 2 R 72
(Fig. 1A). F 7z, WEITKIRDair density D& S L7z,

TR FRAIIVE O LAFERIZ 7R 72, BIRAH T EpI LD
TERENRD RS NTAS, FHHTIZ 2 H1(33%) DA TH >
7= (Fig. 1B, C).

b) FEERAT R, © AIHRAT B TR R 3 RS 2 L.

LRI ARG Rl TR IR L W o Tz, 204}
BIEBHEREL, SHIVBICRIFEREOMEST S
G AT 57 (Fig. 1D).

R TS T 5 Ll id— RIFMIE O R IR 72
NTWwaBITELBEINL, LA LS BIEWICH
AN, v awF AR L TB ) MIRE bRk LR L7
B ettt 2R Lz, Bl LN IcHsgE s h
T ARIMERDSEISE S N7z (Fig. 1E). Z DG IZIZZELIZEH
DEME BT A OBAEE L, FEOBERIIRL
Tv 72 (Fig. IF). HROWRIZ L WIVBIZ R BIEEHMT:
R RY, & HITHE OBER ELE L5 S AE MR
ESROBHEFM OB %249 WFEHMGORBIBIE S
7z (Fig. 1G). F7=, FBEFEZIZIE) o ME B 7.
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a)CTHT I, @ BB O 3 @il i3y L, Wiz emkici
WL % 2 L 72 (Fig. 2A). 1 61 (17%) 2828 D s~ &I U
RO, WEOERN R IEINRET 2 61(33%) DAT,
SEFAR T EE D 2 A o 72 (Fig. 2B, C).

b) BT L ¢ PIRRET R TR SRl 13 i A i T
FHEDFAGEIROFIFUIHEE L T iz, JDFICHE L D&
B2 il OB A EEE S 7z (Fig. 2D). SR CEiE+
% L HIFAIZRE - WESEDRIEDHEST L T T, BFICIZBE
P E T SEER O E B L ORI L S S
(Fig. 2E). JBFFERIZ S o MidiFgk LT,

3. B 4B

a) CTATR, ¢ BEHERIEIFSEE & 0 BN % 7R L7225 2 B0
B & D ARHEETH o /2. BFOEZARIT2H TEIRAM -
A E S ISR L 1 BI(17%) 12 2 BROCTHT RIFEM
7 i O I %GR 7,
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Fig. 1

A: Unenhanced CT obtained 3 days after RF ablation reveals the ablated area (white arrow)composed of three zones. The middle zone
shows low density.

B: Enhanced CT in the arterial phase reveals peripheral enhancement at the ablated area (white arrow).

C: Enhanced CT in the equilibrium phase reveals residual peripheral enhancement at the ablated area(white arrow).

D: Gross specimen obtained after 3 days. The ablated area shows a three-zone structure: an inner brownish zone, middle whitish zone,
and thin marginal zone.

E: Hepatocytes appear as acidophilic bodies, and nuclei are pyknotic at the inner necrotic zone (H & E staining x200).

F: The middle whitish zone shows increased sinusoids, and preserved hepatocytes are decreased in volume (H & E staining x200).
G: Outer layer of the middle whitish zone (left half)shows enlarged hepatocytes and the nuclei. The marginal zone is a regenerative
band represented by fibroblasts and neutrophil granulocytes (H & E staining x200).
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b) IRHAT R, ¢ GRERER T TR D2 L & A B B HE
DHIEAHELT L Tz, BRI AKIE R Dz, £OR
HTIRIE L A CHIBTRE IME S, @ O&EERIEAL
LEREDIGETH - 7.

4. 1EI912:87%

a)CTHTR, | BERERILNTIEE & TSI E 2 L7z, BfiCT
TOREA ORI EIZREBETH Y (Fig. 3A), &R I
O E L CRIE Sz, Mo RIEef Tk
A - A & 124 L7z (Fig. 3B, C). 2 51(50%) | 23045
ORI % R 7.

b) FRHEFT R ¢ BRI IZEEICRRIL L, LRI
WM T HH STz (Fig. 3D). JERICAKILZ

SERE 14412 25 H

e 6 %

Fig. 2.

A: Unenhanced CT obtained 2 weeks after RF ablation reveals an ablated area
| (black arrow)composed of two zones.

. B: Enhanced CT in the arterial phase reveals obscured peripheral enhance-
ment at the ablated area(black arrow).

C: The ablated area is hypodense in the equilibrium phase, and the periph-
eral enhancement at the ablated area has disappeared (black arrow).

D: Gross specimen obtained after 2 weeks. The ablated area shows a two-
zone structure: an inner whitish zone and marginal pale zone.

E: Degeneration has progressed and nuclei are obscured. However, cell structure
remains at the inner zone (left half). The marginal pale zone on the gross
specimen reveals a fibrous tissue bundle (H & E staining x20).
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5. IRI9EES L UCTELDORZERFZE(L (Table 1)

ARSI CEH L 72 BER BB ORI 3 B X b R
124 L7z (rs = -0.829  P<0.01). #EREIRIEES & FFEE D
CTEILI LRI FR L7z (s = 0.723  P<0.01). (B 3
H#&O% Tld L0l & BEEEEE & & 2, BEEIME O
WU & o3 ICEHI L 72).
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& WFCORBEAT  & I & b L 72ET T A BEN 3 B
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Fig. 3.
A: Unenhanced CT obtained 3 months after RF ablation. The ablated area is largely isodense and obscured.
B: The peripheral enhancement in the arterial phase at the ablated area has disappeared (black arrow).

C: The ablated area is hypodense in the equilibrium phase (black arrow).

D: Degeneration has progressed, and nuclei and cell structures have almost disappeared at the inner zone c D
(left half). Collagen fiber replaces the marginal fibrous tissue (H & E staining x20).

Table Diameter and CT Ratio of the irradiated region

‘ 3 days 2 weeks 4 weeks 12 weeks
Diameter (mm) 16.3+0.7 156.3+1.9 12.1£0.5 6.8+1.9
CT Ratio 0.679+0.022 0.711+0.084 0.763+0.064 0.955+0.045

value reported are mean +standard deviation

*The value in 3 days is measured about central zone on plain CT.
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