Vascular supply of adenomatous hyperplasia of
the liver and small hepatocellular carcinoma : A
histopathological study using morphometrical
methods and three-dimensional reconstructed

lmage
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S, MEBHELD VY . — 2 —WEEG: S AEEGRHEOESTHL, b P FEERNT I~2cm OPNERNR
EHAREIRABC), EEIhTWS. Zhb0% NRESINC/NIHE (NFE) 8 XUCFEEMURE & LTOFR
ER:BE (adenomatous hyperplasia of the liver, AH) T# 5. £REOMEEFET I h bEHEREOBENZH OEFINER
ABRTVBH, TOAMEHLEMT, FCBIRCEETAMEIFA LR Eh T e, S0, AH L/NFEOXERR
A R S R EESEEY TR L. #BhE AH 73881 BR 25mm DT O/NMFRES0RH . AH 2 E~%K
1, AH ROfasBEOBERSH A LT, BRUBERMOALVETE AH (ordinary AH, OAH) 43%5#fi&, AH
RO R, BRI 2D 5 AR SIS 2 e W REE AH (atypical, AH, AAH) 308D 2 B8 L
fo. &4 ORESNOBIRTE (MRS D OBIRE) wBIL T, OAH XFEZEHOL.546%, AAH 1214565 C, WThi
EhicE <, MIREBE BAEEY% 0 OPIRE) 34 «, HFEESHD0.90f%, 0.60f5TH»%. —J5, MIEOBIIREE RN
WEH 0437 L Z2E AR L, MIREE20.0145 & /& <, 258581 (83.3%) TR A Shigh oz, &4 DFEFHATOH
WRPIRE R & PUIR P RS (AL TR 2S 7= b TOBIR B & OFIR IR 12, OAH 1385 (30.2%) THEELNLRAETH
n, 13%EH (30.2%) THINRPSIEESE S FIRPIEER S /N & <, 1458 (32.6%) THIAR BB E S CrRABEERI NS
Motz —J5, AAHS K (16.7%) CTEIIRAERESE S MIRAEER S FEER L b/ 2, 205557 (66.7%) THIIRMKEER
RFEERE A%, MRFEEREIZNE D -7, £ QAT (86.7%) TIRBIRAEEE 2 EE, FURMEEEIZRL TV
7o, REBHIR (RER-CPIRE L kbl B NE) 23% 4 ORIINBIIRC &0 28852 HE L WIEER CRAT5 &, OAH
T20.7%, 17.5%, AAH T46.8%, 52.5%, /NFFET93.6%, 92.0% CTH h, BN LT vie. BEET A ElimH
FHZ kb, AAH JO 78 (MEECREREY &) RAHOHEERO 7 #HEERL TW5 Z ARSI . 2, Th
5 AAH B0 7 OB A BT AAH IB LT hicRETHEEACHO TR Y, ThRBREBRE > TwB 8
BbmEicotc. LLEX D OAH, AAH, A FFfE &, Mo RME oMM, B rEy, BlREME & N EmL, Mk
R L NEEEREARAT B - OGS R T R f. i AAH TREBIROFEND D, BEHNLBIRCLHDS
A THEERNEORN, B VENTAZ ERBELM LD, FAMABERIEC L) ZOBEA BRI R,

IhHMERORT LB, SREGOBTCERLE L bhic.
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WA, FROBEGEBEOESCHEG, FFHNO 1~2cm §I&D
INEHTERE B IR ARICIL D, ¢ MEMITRA (U,
FHEZ) TS, PMEHEOFMRERE RE &R, TOEW
WL BIERCHBEIRTVA™, TS Ik, WEY
HNCRE « DFRE & R &R+ IFRIRE (Fi8) choh, i
Wit FBE TR D RHHMFRE L L THIEESREYK
(Adenomatous hyperplasia of the liver, AH) & LIE LIZF R
ha. B, AH S EURED S IIFE L B ETS
FEE L THRBERTED, TOREREN, EWFENEEOR

BT & BRI O ML B R OB L 7o » Tis b, FA O
B, 5 TAWEIRE AR R DRI T B0,

2T, R EE LTBIRMIC X DB IRTRD, ZOK
YAFFRE OB L IR VW HhTuwa . YEETr, U
B & D B OERBYE L ERHRT —~ & LTk, £H0
B2 Wi ohT, T s E 0 Binnc 2Bk
BRELRBREMREE Tave. -2 —WERY
(computed tomography during arterial portography, CT-AP) D
MEenEATHH I LRRELTER. Dgy, CTAP

Abbreviations : a, artery; AAH, atypical adenomatous hyperplasia; AH, adenomatous hyperplasia of the
liver; CT, computed tomography ; CT-AP, computed tomography during arterial portography; EVG, elastica
van Gieson ; HE, hematoxylin and eosin ; HCC, hepatocellular carcinoma; LC, liver cirrhosis; MRI, magnetic
resonance imaging ; OAH, ordinary adenomatous hyperplasia; pv, portal vein
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PR M DR (hypoperfusion) & 7R3 #EEI IR R —
R EMORBREES Z L, i AH TRFIRMESE T
HAFFERMATIEM LAV 2 E B2 MELTERY. L
L, Z0ZEOREE e HREAR PR L ORI
FifTbh T ig.

DL b, WEFOFEK T, FEToYRNECEL T,
S OPRMTEERTE D, FESBIROEML D NELERTH
e HEMEATLAY® ULnl, AH Om8TE T
LFEEITGE Sasaki O RN BEDHTHS. DE D,
Sasaki (ZIFREE AH IS0 w AR EABBKXGRY L, ME0
M AIREE (vascularity) ZBE L7ckEER, AH 2B~
C{EME 54 (hypovascular) TH o7z EB|ELTLBD. L
L, 8D AH £fir 8, MEAEMNLEMTE S LI
BREOERMEYBRE LBE IR TUAR,

EEE, BB I ORRREOBMERED D\ IO RIE Y
Ex L HEBENRLDETHD, FEFOFHT, KEOEH
BREFEY BOEREABACTbR TV 29, 2T, &
EZEZ2, B LSEHE LoD 2 v o — & —(EHER
FEBLBE L, AEMICITEMRITIL L EREREEL AL
T, & MFEEIC BT 2 MFiS & OF AH O R M8 45
FUNF LoD THRET S,

B LT HE
I. AH L/NFBEMEOER L P ER I OTOIE
1. AH 0%
AH 1z, Edmondsonic & b, FEL 2 ER L LTRAETAIF
MRORICHE BB/ L L TROCHEIh LY BETH
D, BRACRAEZ N D . BRI RN, FRH

R 55

Arrowheads

Fig.1. Ordinary adenomatous hyperplasia.
show the boundary of adenomatous hyperplasia.
oxylin and eosin, X 32.
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SRS AR ETHONEHTH D, Edmondson HE, F
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Nz 7%+ EL, AHWELE LT3, LaL, Bhom
<, AHZW <K 22 0®H 5 H, Edmondson XE#CEE LD
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AH o BEMsE &K B LT, API%e ¢k Nakanuma HDFE
BEDFER ™, 2F 0 AH #HEERALRWAER
8mm Ll EOFREERREH CHANFELRRRB LD
LU 2 LT, AH * TORBECEBREIC I b, k&<
2EHCHE L™, D% b, AH 2T 5 FARARED
HEEBBERIICHNPRPAEVLBE VIR EDLLIELED
TERBIVEERMOZSAL WS DO FER AH (ordinary
AH, OAH) (X 1), AH WO Ffilic #RE, RN BDH 2
DEANFE L LA O RET AH (atypical AH,
AAH) (2) & L. s, AH ORWNERICE S e dy gy 7o
BENFETBLOND -2, WFhd AAH icd L
LOTHN, FEEEMNETS AAH & LT AAH Rt
T, LToBECHW:.
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Fig. 2.
show the boundary of adenomatous hyperplasia.
oxylin and eosin, x32.

Atypical adenomatous hyperplasia.

Table 1. Main clinical features of the patients and number and sizes of the nodules

examined
. No. of Age (yrs) Sex No. of Size (mm)
Histology patients (mean=+S.D.) M:F) nodules (mean£S.D.)
OAH 26 58.7+8.6 18:5 43 11.5+4.4
AAH 17 62.2+6.8 125 30 13.8+4.2
HCC 28 61.4%7.3 20:8 30 20.5%3.2

OAH, ordinary adenomatous hyperplasia; AAH, atypical adenomatous hyperplasia;
HCC, hepatocellular carcinoma ; S. D., standard deviation ;: M, male; F, female.
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b, EHEVRRTE L P EBITR X OSBRI TR CHEEE, 177 vEEL, bum BURERL, ~v 12
CHIX e AH A3BITIREEN & /MR8 FIB0RERT (R 1) 2RIV vV v« =4 2 v (hematoxylin and eosin, HE) 3, 7+ v~
fo. ZhHOEARVTR L RABOFEER L HoBETe YR, Fef VB, TFTAT 4 h T vF -y
IEFITHA. “hb AH %, OAH 43%fi, AAH 30&8IC (elastica van Gieson, EVG) ¥efas 174, LT OBEICHu .
SELI. 4. MEOHELEER

BHRIES e NTEEE) 10%FErL <) v BIR © SEORF TRBEBCAES D VIEE L THFETS

Fig.3. Portal tract and abnormal artery in atypical adenomatous hyperplasia. A: A portal tract in the atypical adenomatous
hyperplasia. The arteries (curved arrows), bile ducts (arrowhead) and portal veins (P) are seen. Hematoxylin and eosin, X 200.

B: An abnormal artery in the atypical adenomatous hyperplasia (arrow). It is not accompanied by bile ducts and has the
muscular wall. Hematoxylin and eosin, X 320.

Nodule (AH or HCC)

Unit area in the nodule
o

& Unit area in the cirrhotic liver
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Fig. 4. Schematic drawing of arteries (hepatic and abnormal), portal veins and bile ducts in a nodule (large circle meaning
adenomatous hyperplasia (AH) or hepatocellular carcinoma (HCC)) and its surrounding cirrhotic liver. The shadows represent
the cross-sectional luminal area of arteries per unit area in the nodule: ordinary AH or atypical AH or HCC. The dots stand
for the cross-sectional intraluminal area of portal veins per unit area in the surrounding cirrhotic liver.

Dotted portal vein
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IR T BIIRE: (A 204 m LLE) (RI3A) & LAz, &
p, B HEE Lo WBIRCH M E A REBIR (RAENE
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MBS 2 BAZERY h OFTIRPERTER [LC (pv)] & A4
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DR ERDDEELLNLDT, TOMMEY 2 8 L1905
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Fig. 5. Distribution of the ratio of the cross-sectional
luminal area of the arteries and the portal veins per unit
area in the nodules (ordinary adenomatous hyperplasia
(AH), atypical AH and hepatocellular carcinoma) to those
in the surrounding cirrhotic liver. The number and the
percentage of the nodules which were included in four
types classified in figure 6 are shown in Table 3. Horizon-
tal axis: A logarithm of the ratio of the cross-sectional
luminal area of arteries in the nodule to that in the
surrounding cirrhotic liver. Vertical axis: A logarithm of
the ratio of the cross-sectional luminal area of portal veins
in the nodule to that in the surrouning cirrhotic liver.
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) OHBET 2 bR TVEY. ZhbiZ—BN Ry
BifAHs CIEBOEELFITh TV 5. ZOREHKE
OAH, AAH, NHEOEREHRTEDORIC, COBE, HEy
HhklE L, 20, ThORENCHBET2HIR (g
R+ REBR) 8L, ETOBRBCED 2 REDRO Ky
g% RS, OAH, AAH, NMFEOZREEIH THE L. k.
< OAH, AAH, /DFE DO ZFREHMC HIT 2 Bk (FBIIR+ &
HBRK) IEERELHAL, BIRABEOKRERC S5 5 REs
RAEEBEOE S RD, SAEHECHE LK.

4. HEFEHIRES

OAH, AAH, NFEHEIN R I OCFEER COMEBEOL
B, REBHROBEICE L T, Student t BER V72,
AH, FFEEEHAS IOCHELE CONEARETEEO Lk
BLTRERL~4ABOK A H RSB B OFMC 2 &
EEAHGZ., WThd, ERE.BLUTEL - T, HEEEY
ST L7z

0. $EHEEEECIDHRE

AAH o | Bz B\, #EYR EEGEBTEEY T,
AAH £8P & REOFFEEHOME & ORBIEE LB L.

Portal vein

Artery

Fig. 6. Vascularity of the nodules classified into four types
as follows. Typel : Cumulative area of arterial lumen in

the nodule per unit area is almost equal to that in the EFIR6AR, LT, BEE, =vV¥a.-*-HEER
surrounding cirrhotic liver [ Nodule (a)=LC (a)] and (computed tomography, CT), B K 3t B {8 (magnetic
cumulative area of portovenous lumen is also equal to that resonanse imaging, MRD) 1 & » I EEN T RIS HER
in the surrouding liver [ Nodule (pv)=LC (pv)], Type2: ST - N

Nodule (a)<LC (a) and Nodule (pv)<LC (pv), Type3: Bl sk, SRR, ZORMIITRERE LTS
Nodule (2)=LC (a) and Nodule (pv)<LC (pv), Typed: AAH TH o1,

Nodule (a)>LC (a) and Nodule (pv)<LC (pv).

Table 2. The ratio of the number of arteries and portal veins in the
nodules to those in the surrounding cirrhotic livers

Histology artery (mean£S.D.) portal vein (mean+S.D.)
OAH 1.54%+1.17 T 0.896+1.14 -
AAH 1.45+1.00 —| X 0.598=0.563 -| P

* *
HCC 4.37+£1.89 ‘l - 0.013%0.052 ‘I -

OAH, ordinary adenomatous hyperplasia; AAH, atypical adenomatous
hyperplasia; HCC, hepatocellular carcinoma; 3, p<0.05; S. D., standard
deviation.

Table 3. The number and the percentage of the nodules (OAH, AAH and HCC) shown in Figure §
which are included in either of 4 types classified in Figure 6

Type shown in Figure 6

Histology
1 (Number (%)) 2 (Number (%)) 3 (Number (%)) 4 (Number (%))
OAH 13 (30.2%) ] 13 (30.2%) 14 (32.6%)‘\ 1(2.3%)
AAH 3 (10.0%) N % 5 (16.7%) 7 b3 20 (66.72%) 4 2(6.7%) 7 ¥
| il ;)
HCC 1(3.3%) 0 ( 0.0%) 3 (10.0%) 26 (86.7%) J

OAH, ordinary adenomatous hyperplasia; AAH, atypical adenomatous hyperplasia; HCC, hepatocellular
carcinoma ; 3, p<<0.05.
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BEROFFELRY T2 AAH ffixrir <) VEEL, *
574 vARLET Ry 70, BX 3 um OB ¥ 250
BfEB LTz, Bt 7 4 v, HE sl EVG Ra%THK
L. wic, ERMENT 27 A Avio color image processor
(BATEA=2 A, KR), ZRTEGHEY 7+ TRI(Z t »
yURF A=Y P=T I VS, KH), A=V FravE.—
4 —PC-9801 (RAER), V4TFAIATavim—a=,
b ITC-380M (b EBfEHE, W), XEBME > A 7 »4323 (#
YAVARSETE, B ¥BEWT, AAH L B4ARS L 0%
R, AAH RCORFERE, FBIR, PR, BE, REBRO LG
BHEYT-. 2%¥9, HE & EVG REERYE=4-T
gRL, £AORBHI LT 4+ CPEAF—Tlhe® o, L L
Bozvea—2—KADL, BRENET, BvAEY
gL, T2 -KELHL, FERPE, THRE LTHRE
Liz.
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. OAH, AAH, /NFEOZE S 12 B84 A BT RIS

1. &4« DREIAB X OIFELR COnEEE

OAH, AAH, /NFEDOFEEIC K T 5 BIIREE, MIREE
D% 21RT. OAH, AAH DFFEERCNT2BREE
Hiz&41.54+1.17, 1.45+1.00TH B D L (p<0.05),
MEOBIREELIZ4.37+1.89TH H, OAH, AAH st L
WERAEBIEER TR Lz (p<0.05). —F, OAH, AAH ©
FREERRT 2 FUREE I Eh £50.896+1.14, 0.598+
0.563THBDITHR L, NIFEOMREELI20.013+£0.052°T
59, OAH, AAH o LEBW (B -1 (p<0.05). &3,
OAH &~ AAH TRFIRBELIEELY R L, HEE

E7eh 1 (p<0.05).

2. OAH, AAH, /MFBIC & bh % M8 PR TR O Hik

FIRZ A ORMBI LT 4 HIC 5D 2 RMBPOET LKLY T
LichDTHD. &t 1 ~4 5L, OAH 43%H0
W, 1R 13%EET (30.2%), 2 B 13%5H (30.2%), 3Mic14
REHT (32.6%) &1, 2, SHrirEHECHsHE L. —FH,
AAH 0% DR, 204585 (66.7%) M3 B hic. NS
S0REFIT T DA (26855, 86.7%) N4 S Ehic. Tihb
B, OAH, AAH, JMNFBCHELTIBI I 44t h (p<
0.05), AAH 2 OAH, MNFEBELT3EIE I &< 4% h
(p<0.05), NFHEIZ OAH, AAH I L ARz k h &< &% h
7o (p<0.08). 7%, /MFBZL OAH 55\ it AAH #32
g &Ehic (p<0.05) #, OAH & AAH L DRICHE

Table 4. The ratio of the number of abnormal arteries
to that of hepatic and abnormal arteries in the

nodules
Histology The ratio (mean+S.D.)
OAH G.21:t0.26"|
AAH 0.47+0.314 x
| J
HCC 0.94:!:0‘21--l

OAH, ordinary adenomatous hyperplasia; AAH, atypical
adenomatous hyperplasia ; HCC, hepatocellular carcino-
ma; 3%, p<0.05; S. D., standard deviation.
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Fig. 7.

The percentage of the cross-sectional luminal area of abnormal arteries to that of hepatic and abnormal arteries in the

nodules. The percentage of atypical adenomatous hyperplasia (AH) was higher than that of ordinary AH and lower than that

of hepatocellular carcinoma (p<0.05).
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ERxAbhich o,

3. QAH, AAH, /NFEORHACHER T ABIRC N T 52
HEIR D L

OAH, AAH, /MMFEDOE IR HBER T 2 2 COBIREC %
THREBIRKOEE, BROBABARKCTT2REHIRD
BHREEECE &R 4 LR TIRRT. OAH BT20.7%,
AAH BET46.8%, /NTE T 0% DIEICEM L, KREHM T
EEEZEYADI (p<0.05). *i, BRE L ARk OAH ©
16.4%, AAH T55.0%, /NIF#ETI1.6% &, Ik, HREWCHEM
L7z (p<0.05).

I. {EREEEECLDRE

AAH #&U G v OERIH 2 ERMITEBC LV E

B
Fig.8. Three dimensional reconstruction of atypical

adenomatous hyperplasia (AAH) and its histology. A:
Three dimensional reconstruction of AAH. Portal tract
consisting of artery (red tube), bile duct (green tube) and
portal vein (blue tube) in cirrhotic portion connects with
that in AAH. Many arteries sprout from the portal tract
in AAH into malignant focus (gray area). Purple area,
AAH; black area, cirrhotic portion. B: Portal tract
(straight arrow) in cirrhotic portion and portal tract in
AAH (curved arrow) are seen, and they are shown to
connected to each other by the reconstructive study
(Fig. 8A). Arrow heads; the border of AAH. Hematoxylin
and eosin, X132.

BEGEFH L, ONKBA TH5H. K 8A 1IBE, B,
FIRED 7 A S 2 BER LR TH D, K8B rofs
WicESER (HE #fa) TH5 . BORLEEVES, foR
Lich D5 Bk, FIRZETTRLTSS. BEOREYRL
TWBEKEIL AAH %, E0BOHRSXAROFEERY R
LTWw5.

AAH DHOFELERD 2B 0 7% BHEMWICEET 5 L,
Wb AAH ~EFEHKLTWA. D% b, AAH o 7@y
&, BRI, BAOTEHALRELT VB Ldbhs,
LT, 2D AAH O 781 L5 OBIREE 2B T, 2%
B2 bt T, AAH HOBEEANELESHE LT
5 (ZhPAEBENCREMEL LTCADRS). bz,
AAH WTHLIAETOEREIZEL, ¥ BRELST 2 BR Ty
5.

THOBEMFTRE TR, ELHC78RBH Y, ZhiiFgs
TR OL EH O VBERSTHEYT S, FAC S ZBES 1D
b, ThOEGRBITEORRIEO V@RS YST 5. Bk
Tods DI WHEIT O 7' O R O FFRMNC 25 ~ OEHR
BEREGDR D, AAH LEXbhD. EEBRITIZI0E
FHOTEP L EROREMES AAH ORBA~OERL T
BORBEETH B, X 8B OMMERTIZZ OB 1Y
DBy,

% =

£EEGDUEEOESIC X IBMETHITES, BCEE
iz, BAERKES L D RH (R 1~2cm) TREOWRY RTHE
MEFAREREIREIAGET TV Zhb0H <R
FECch DL, RERISITE & 2R B REEEITMRRE LY
e bTERING. TALOFEELUREIZ, REBEER
TRIEN-REDTH Y, TOREZHEH S BIHEELTE
BECHBID, TOEHTHHE—Ih T, BRI
TIEAXBARESN (macroregenerative nodule)®, ERFE
(borderline lesion)?, BB \MEF 4 A 735 2 7 & & (dysplastic
nodule) 7¢ ¥ DR H B, Lirl, FOERANMEL LT,
HEIZ 7% 4 A TE H Edmondoson Dk Lz AH" i¥fl
LTCWBDT, AT AH L WO EFHA—RETHS. B
7, AH OBBTHANKCER I hEHE IV, E51L
Nakanuma 50 AH OZEZHicfEL, OAH & AAH wHhE
L, BE%fT-7%. 7c8, AAH BR—&HATE«DORED
RIFEN LGNS Z &R OABENERO—2THD, &
EROIFELYRA TS5 AH 126147 AAH THAL
»?, AAH 3FFHEIC L 0TS\, HAVITRERRO—DL
LTEZLNTWS. L, AAH BN OBEDORH X FT
WEREE LT ELDh, HB0i% AAH 2R IER AL
BROPRREREBHETOEEO—FENLLATVE
[V 1)2)6)~8)14)~30M0) .

BT, FRBREPFIRO-EMNTEEELEFTED, W72
2O BRI T MR AR T 5 - L aibhT
WAL BlxE, B EEREOsn b, MERELL
TEMMELLmATH ), BBHRKCES, H5VITFEE
7L 7R OBAR S AR T, BERS v, TLT
FFBREMTEL & Xh, PIRMIIF A i & ThTY
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Vascular supply of adenomatous hyperplasia of the liver and small hepatocellular carcinoma: A histopathological
study using morphometrical methods and three-dimensional reconstructed image Kazuhiko Ueda, Department of
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Abstract

Vascular supply of adenomatous hyperplasia of the liver (AH), a preneoplastic lesion of hepatocellular carcinoma (HCC),
and vascular supply of HCC were morphometrically examined, and a three-dimensional reconstructed image of vessels was
also examined in a case of AH containing overt HCC focus. A hundred and five nodules of AH were divided into 56 ordi-
nary and 49 atypical AHs. The latter showed a variety of hepatocellular atypia but were insufficient to make a diagnosis of
HCC, while the former lacked such atypia. Vascular supply was examined in 43 ordinary AHs and 30 atypical AHs. The
histological specimens of AHs had sufficient surrounding regenerative nodules. Arteries were slightly more numerous and
portal veins were slightly less frequent in both ordinary and atypical AHs compared to the surrounding liver. In ordinary
AHs, cumulative areas of arterial lumen and porto-venous lumen were almost equal to or less than those in the surrounding
liver in two thirds of the samples, and the cumulative area of arterial lumen was equal to and that of porto-venous lumen was
less than that in the surrounding liver in the remaining one third. In a majority of atypical AHs, the cumulative area of arteri-
al lumen was equal to and that of porto-venous lumen was less than that in the surrounding liver. In most HCC nodules, the
number and cumulative luminal area of arteries were much more and those of portal veins were much less than those in the
surrounding liver. The relative number and cumulative luminal area of abnormal arteries to all arteries showed a stepwise
increase in the following order: ordinary AH (20.7% and 17.5%), atypical AH (46.8% and 52.5%) and HCC (93.6% and 92.
0%). A three-dimensional reconstructed image of a case of atypical AH containing an overt HCC focus within itself showed
that the portal tracts within the atypical AH were connected to those within the surrounding liver, and that the abnormal arter-
ies within the atypical AH and the HCC focus were connected to the hepatic arteries in the portal tracts within the atypical
AH. These data suggest that ordinary AH, atypical AH and HCC are different in vascular supply and that these differences
may reflect sequential changes in the hemodynamic state during hepatocarcinogenesis.




