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Experimental Studies of Hyperthermic Effect on Vascular System
—Evaluation with Angiographic-Histologic Correlations
in VX2 Tumor Transplanted in Rabbit—

Shuhei Ohtsuki, Masao Sako and Shozo Hirota
Department of Radiology, Kobe University School of Medicine

Research Cord No. : 508.4

Key words : Hyperthermia, Angiography, VX2 Rabbit Carcinoma,
Tumor Vessel, Vascular Damage

Hyperthermic effect on the vascular system was studied using VX2 rabbit carcinoma
implanted at the lower leg. The tumors were examined angiographically and histologically before
and after hyperthermia in the following 4 groups; Group A: 43°C heating (18 tumors), Group B:
41°C heating (5 tumors), Group C: 43°C heating twice at intervals of 48hours (5 tumors), Group D:
without heating (6 tumors). Hot bathing was employed to maintain the tumor at required
temperature for 30minutes.

On angiograms made immediately after 43°C heating (Group A), there were marked narrow-
ing and occlusion of tumor vessels and of feeding arteries in all rabbits, as compared with those
of before heating. Histologically, there were predominant damages to the vessels, such as intimal
injury, bleeding and thrombus formation. However, these vascular changes was transient,
becoming less prominent from 24hours after heating, and almost completely subsided on day 7.
The tumor stains of 7days after heating moderately decreased in size and density, comparing
with those of 6 untreated, companion tumors (Group D). Histologic sections of tumors 7days after
heating revealed that minute, intralesional vessels decreased in number with extensive tumor
necrosis.

Five rabbits with 41°C heating (Group B) did not show any vascular damages after heating.

In case of 43°C twice-heating (Group C), the vascular damages seen immediately after the
second heating were less prominent than those of after the first heating, suggesting a presence of
thermotorelance on vascular system.

Conclusively, arterial damages after heating, though they were transient, will more or less
contribute to the therapeutic effect of hyperthermia providing ischemic effect on tumors. The
results will also provide an important information to determine when chemotherapy or radiother-
apy should be combined with hyperthermia. Thus, angiography is considered to be an useful
diagnostic modality to evaluate the hyperthermic effect on tumors.
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LT3 VX2ER 2 5l HEEREELL, Th
YEEARREKCERSEST 5, R\WT, B
N EE A& ¥ 2. 5ml % THE D i Bk P i
AR 5 &, B 2 B, OB R 2 5
ToFfE4.0~6.0cm OEMEHFEET T 5, EBi
AE2.0~3.0kg DFRB3MH I LELHiE: T VX2[E
BEER L b ox AV,

FEEFHEIL, FHIZ Sodium pentobarbiturate
(20mg/kg) Z#HIRAHFE L CLFMREAHEL 7o
%, MERoMEER LT, BRI, BEN
ODKBHRYPELCI v v FDrTF—F 0
(Cook Inc., Bloomington, IN 47402) #3A L,
BT T O 5 & B OB EBIRA £ D
fz. ¥z, 65% methylglucamine diatrizoate 3ml
T 2WRITFEEAL, EARE LRI 1 BME
1o EETUBEOBRE LT -7, M, LB
J&U T 2 I AER R b OFF L,

W, BEERAT O IR 1T - 7o, IR, B8
FixE#EM (Thermobox M100 THERMONICS
INC., Tokyo) WTRE 2 AHEYHV, EE
WEA T £ H3050H, BRRECHERI NS
X5 EERE DM LT -1z,

& B 8 5 1%, digital thermometer (2190A
JOHN FLUKE MFG Co. INC., WASHIN-
GTON) # R\, #fl v+ — (0.8mme¢, Scm)
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ORETFLI L Y FH0.81CIEL, B 7EE
TR EE I E I OEE 23 0LE X b F350.24
CTahoie, i, EEHOE FREZLHCHE
PO L 90.1~3.4C (GF91.78°C) @i - fe.,
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Fig. 1 Anatomy of Arteries of Tumor-Bearing
Leg.

y

Saphenous A.

WEMOMBFRIRFR T, B EE M
HRLICEIIL, BREIL AbhihoTe,

(3) iRz & » MEELGER BB GO

a) AFE U3THIEE) wwowT

D MmEE#E

Table 1%, 43CHREHEICEBRZI2HDIM
FiaEYHIREO SIERTH S, IR & e
BliC FRBR DB/ ML OB TRD B h, Eiz,
FRRR R D BEAF BDIR-CIE S B R T B B IREEBHHR I
b BMERRELBEE IR D bhic, BEFom
AR, MBS (HD) - D) 14,
(H#) = () 641, () - (=) 26, ()
= (=) 3MEEHTEA LT\ (Fig. 2-0),

Table 1 Angiographic Evaluation for The
Changes of Arteries, Before and Immediately
after Hyperthermia (42.0-44.0°C). N=12

Arteries Proximal* SaXhem‘-'“S Feeders**

Findings Arteries rtery
No Change 2 0 0
Narrowinﬁ of 7 8 0
More Than 50%
Narrowing with
Occlusion 3 4 12

* ! Femoral and Popliteal Artery.
** . Posterior fomoral, Innominate, Anterior tibial and
Posterior tibial Artery.

FEFN634 2 Fi25H
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Fig. 2 Angiograms of VX2 rabbit carcinoma,
before and immediately after 43°C heating.
In the arterial phase before heating (A), hyper-
vascularity and irregular encasement were recog-
nized. In the venous phase (B), a dense, in-
homogenous tumor stain and dilated drainage
veins were noted. Angiogram made immediately
after heating (C) showed marked narrowings
(arrows) and occlusions (arrow heads) of feed-
ing arteries with decreased vascularity of the
tumor. In the venous phase (D), the tumor stain
became to be hazy, and showed no contrast filling
to drainage veins.

Bk TR, MEEAICRBE LSBT
WE—Te B E b AR BT, 20 § ~40% (G
¥22%) DESFBRYEE OB HERD Shi (Fig
3. Eiz, MRINICAR SR IGRT#R S INRES
TEflcelEE S hitd - (Fig. 2-D).
IR 3 RefElt: D BhARAE (Fig. 4) Tk, BBk
AR BRI EAME - SRS, &FCimBaT-~
X hhiRf~ER L, XEBIRSCEL O M RAE
BEoZ{ () — (=) 34 HEL TV ie
(Fig. 5-B, ©). #k#E (Fig. 3) T3, EREH
B IR aT & H~<36~63% (E#45%) B LT
Wie, BREIRL G TE£EH I T,
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Density Rate (DR)*
of Tumor Stain.
100%— .
[ ' Proximal
90 — Arteries —— 0 Moo 0
(111] [} 0
80 — I
10 nee 11 "
70 — Saphenous
. L] L] " Artery -+ 000
L]

50%—

40 — ' Feeders —— 008000

30 —

20 —

10 —

.ﬂ\l'teriesM Narrowing Narrowing
Immed. |3 Hrs. |24 Hrs. |48 Hrs. |7 Days - With_ R bore oNclintaa
after |after |after |after |after " Findings| Occlusion | Than 50%

Fig. 3 Comparison of Angiographic Densities of Fig. 4 Comparison of Angiographic Changes of
Tumor Stain, Before and After Hyperthermia Arteries, Before and After Hyperthermia
(42.0~44.0°C). (42.0~44.0TC). N=3 © : Immed. after Heating.
#: DR=XX100/Y ® : 3Hours after Heating.

X : Ratio of mean densities of tumor stain and

surrounding soft tissue stain after heating.

Y : Ratio of mean densities of tumor stain and BHiR DO ZE LITRE & fe 5 Tz (Fig. 7-B, C),
surrounding soft tissue stain before heating. iRAE (Fig. 3) Clx, ESELE LI~

22~27% (CF¥25%) WA LT\ i, BITHIRIZ

DR 245 o BhRAE (Fig. 6) T, £flics TR ShTwie,
WUBEMEREE OB ((H) - (H) © 24, R4S O BIIRAE TIX, LPNhClES g T
() = ($) 1 140 2@ Hbhs 00, BF EEOED (G - () 1 241, () — (+):

Fig. 5 Angiograms 3hours after 43C heating.
(A) : Angiogram before heating. Angiogram 3hours after heating (C) revealed
more marked narrowings (arrows) and occlusions (arrow heads) of feeding
arteries, when compared with those of immediately after heating (B).

(16) HAERSE #4888 H25
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Proximal
Arteries —— 000 "
Saphenous
Artery -+ 00 "o (]
Feeders —— #8000
Arteries Narrowing | Narrowing
with of More No change
Findings| Occlusion | Than 50%

Fig. 6 Comparison of Angiographic Changes of
Arteries, Before and After Hyperthermia (42.0
~44.0°C). N=3 O : Immed. after Heating. ® :
24Hours after Heating.

1B 2D SR, BIROE(IZ24RFLIEE
EEEAFE IR & e b (Fig. 8), # -kl (Fig.
3) KTERRLE D13~27% (F#925%) O
BERDLNB 0D, BITEIRORHE S A bh,
B iR o0& E T AEA LR LTV,
iR 7 B OBIRAE (Fig, 9) T, 24k
T, MBEHICLZLRCEIROZE/ITS BD S
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hieihotc (Fig. 10-A). LaL, MEEEER
OMESF IR G % il A B ORI R e B HE L 7o R
HoTREOMEEHGE L LETS L, &Fick
WTERT 23 A b h, BHRERE TR, RN
~10~-36% (F-4524%), X R & H~17~37% (G

25%) DA DR B iz (Fig. 10-B, C, D),
BRI TEE IR TV,

i) MHGE

ERTRD b R R RFRHNC-TRT.

ASCINRESOEEIER CATEEH) RO
AR oSS (Fig. 11) ©, OEOIE.
Bin - BikEt MRS bhie, i, IEEHO
FRBEHIA B « Bk P B MR I 22 Bk B
b ORBEDR R Hh, BROPRICIEEEELY
PE STz,

i 3 BEEE (Fig. 12-A) T, FEEEP#min
B (FEE L T200u LUF) AR i TR A3 5%
b, ZhbIMmEREOBEEMRZERC- T
Wiz, LaL, A—#HEcdmieflos bl
WHMIE S B Y, ZoREOEEMRCIIEY
BRD LRI, —7, IR (Fig. 12-B)
Tk, BIRBEOBREIINEES & IIEREDFT
REE L, e & LT 2 b i,

Inii 24EE R OB (Fig. 13-A) T, Al
BB 03 b hic s, o BIEGMIaME 1 BT

Fig. 7 Angiograms 24hours after 43°C heating.
(A) : Angiogram before heating. Angiogram 24hours after heating (C) showed
the tendency of recovery from the initial damages of arteries (B), such as
narrowing and occlusion. However, tumor vascularity still remained decreased.

PRFI6I4E 2 H25H

(17)
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Proximal

Arteries —— 000 "
Saphenous

Artery . 000 "
Feeders —1— 00000 [ ]

Arteries, Narrowing | Narrowing
with of More No change
Findings| Occlusion | Than 50%

Fig. 8 Comparison of Angiographic Changes of
Arteries, Before and After Hyperthermia (42.0
~44.0C). N=3 ©: Immed. after Heating. ® :
48Hours after Heating.

Proximal
Arteries == (11111
Saphenous
Artery - {1111
Feeders —— [1111]]
Arteries Narrowing | Narrowing
with of More No change
Findings| Occlusion | Than 50%

Fig. 9 Comparison of Angiographic Changes of
Arteries, Before and After Hyperthermia (42.0
~44.0°C). N=6 o : 7Days after Heating.
Angiography of immediately after hyperthermia
was not performed.

LTWaEa035 Y, FohlEcidmaie s
b WE LB, BERSMENE o —E

Fig. 10 Angiograms 7days after 43°C heating.

Angiogram T7days after heating showed no
different changes on arteries (A), when compared
with those of controls (C). However, the tumor
stain decreased definitely in size and density (B),
when compared with that of controls (D).

b oL, MR 3 REBCEAED LT,
—7%, FERE (Fig. 13-B) Tix, B)-BIR0IBIE
(iR 3 R NBEM TR Y, BEOEM N
B bR,

iR 48K D BB Tk, MEROE(LIL,
nIR24RG R BRI LB & T E R A B DT b
fo, ERIEERTY, MBERICL S CNER
BERIIFE ERD BRI - T,

i 7 B & OEE (Fig. 14-A) T, B
JEEET, BESHCEBHREYRD 0L TH -
fo, e, BERAOMER I LT, oh
SR R & IR % fThinh - e/ BEE (DB (Fig.
14-B) LM% &, BB OESE CIBEIE
BFEE e, FmER IR L, —B8
Y03 FoRERLE, —HMBREOIERERC
X, MEBREILBDLAT, BLBELT
PRY Al

b) BEf A1ICINRER) ot

41CINRE# O MEE#E T, 3FEFizs
W, Fig, 16-A R 30<, 43C Rt bt
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Fig. 11 Histologic sections immediately after 43°C heating.
Dilatation of vessels with stasis of blood were shown in the tumor and its
surrounding normal tissue (A, B). Rupture of veins and bleeding were also noted
(C). In the normal tissue arround the tumor (D), endothelial cells of arteries and
veins were vacuolated, being dissecting from the basement membrane (arrow
heads).

MERDOEILL BDHRT, IR AT O &
(Fig. 15-B) L& AEORELXEL T\ 7o,
D7D LI DR A E R I Tl s » 1o,

FiE T, EBE (Fig. 16-A) THI & A ielfl
FHREIDD O hich o722, FEEH (Fig. 16
-B) T3, Bk FEICEE 0zl & FE L
bz,

c) CH (43°C » 2 [EISNREE) 1w\

Fig. 17 3 & MBEHOEYAT R L 58 L&
RTHa, 1EMBEFCOWTIE, BFic Ao
HTHARmL, AEoEREYRL T\ (Fig
18-A, B).

2 minEE#OBIRE (Fig. 17) T, 2@
BRT LR, 2flics\ T, HFEEIRO—IFIIk
MU« @ L BB O MEHREEOB AL LIS

FEFN634E 2 A25H

\_

(19)

DIAZER s B BD Shinh -7 (Fig. 18-C,
D). L»L, 2EMNREHOEFEE, 1EMNR
EROEMR & N, BN E OB D T i8R
Wi d DTH - 7= (Fig. 17, Fig. 18-B, D). [&EH
BHRER, 1 EDNRES CE BT E~10~30
% (F3520%), 2 EIINRBEE T 8 ~37% (E#524
%) & TF LT (Fig. 19),

2 [B] B poii B o @ #1% (Fig. 20-A) T
1, BIEOMEN43C » 1 EINR & X b K
Thote, ¥, FERMOMBE (Fig. 20-B) ¢
RMERBEFETE EBD SR T,

(4) MBEERC & 2 BHIEDREDRE O TG

43CHIETE (AFH) wk\t, mEFoEEE
IR 7 HEOZThZ BT % L, 6 PLplicE
BoArAbR, UL, BERARE, i
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Fig. 12 Histologic sections 3hours after 43°C heat-
ing.
Histologic section 3hours after heating (A) de-
monstrated thrombus formations ( arrow hea-
ds) within most of fine, intralesional vessels
surrounded by degenerated tumor cells. However,
there were some areas of viable cells, where the
vessels had no thrombus fomations (arrow). In
the normal tissue (B), the vascular damages still
existed, such as vacuolation of endothelial cells
and their dissection from basement membrane.
Thrombus formations were recognized mainly in
the veins.

EBHT1.6+0.30 (mean+1SD), XMEEET2.5+
0.95 (mean+1SD) L ZEN A bh, MRBETHEK
RHMEAH -7 (Table 2).
% =x

mEEREEZA T, REW X 50RO
S L7c#i5 0%, Bookstein DE# A B D
ATH5,

Bookstein'iX, % 3 ERBER2~4cm 12H
BLEFER VX2EREY A\, SARSAMEBEE
2 & % IR AT © MBIV THRE L,

(20)

Fig. 13 Histologic sections 24hours after 43°C
heating.
Histologic section (A) revealed the decrease in
number of vessels with extensive necrosis of the
tumor. However, there were some, non-damaged
vessels surrounded by small nest of viable cells
(arrow). The degree of arterial damages in the
normal tissue (B) were less prominent than that
of 3hours after heating.

VX2[E % i — %1z hypervascular /& & X h
TWLA2, oMo, IRiTOEYK CEE
t¥ hypovascularity %52 L, 49°C - 305 R iRt o
EHE T, KA OILE & HADOBRLED
B AR BN, EETCEFEELARD L
N ofcl LTW5A, & OfERIIEES DR
CHIETAb0THBH, FOFEMEELT, A
o VX2[EE O R/t B O IR FER RT3
ZEDREFLRE, b, ZozZ b, B
5 MERDOELS, [ESO ME LS inii 58
OO R HLTEEOBERAX IR IZL
DR ST BUHESLTTIDOTH S, 5T,
SEUREE OBERICKEE LTk, 8 4 FEFlic oW,
ChoDRFYEEL, MEROEY HIwHICER

HAEREE #H48E H25
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i3 5080 D5, MEEHE, MmMEROEHic
HNLUBRERSERCZWHETHY, CoBAH
DR A LM ER A P DIC IR R 1T - 7219,

(1) MR MERDERENZE(LIZ SO LT

B 4 3 EH Lo M R b, B#ucst
THEZHERIDENE IR TL39® L
L, SE OB T, 43C R & b JEEE o M
R b ERREARD bhvie, IEBHMERD
Z{rizBI L T3, Badylak %% 42~44C CIE'¥
HEAOMEP M BELXZITH EERLTW5
T, Bx0ERTITEE AL BB TinE
Licied, BETL Y RER OSEM QIR OB
ERL @<L, OERCEENLVELSE -
bDEEZzLRB, LiL, ZoZui, mMEE

Fig. 14 Histologic sections 7days after 43°C heat-
ing.
Histologic section in the heated tumor (A)
showed wide spread necrosis of tumor cells with
scattered foci of viable cells (arrows), and the
intralesional vessels revealed a decrease of two-
thirds in number, when compared with those of
control group (B).

Fig. 15 Angiograms immediately after 41°C heating.
Angiograms before (A) and immediately after heating (B) revealed no difference
between them.

BRFI63F 2 A25H
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Histologic sections immediately after
41°C heating.

Histologic section immediately after heating (A)
showed predominant sheets of viable cells with-
out vascular damages. In the normal tissue (B),
however, minimal changes of vacuolation and
edema were noted in the arterial media.

ETb AT b iE24ARRI® L v R4
HALMD, 7ABCIESCHEL, BEELE
DL LER—BHED S DTH B Z ERRL T
i,

—77, DREHEL S 3HEEOEEGEBTcHAbR
FefEBMEA OEIM - MRS O RZEEAN
DOMFEH AP ZRTEOTH Y, MEEHEE, B
BoMERMEE O « EERAEDETELLT
FHfi S hicdbDLEhs, ZoZenbd, &
MBEABIR-CHRBEBIROZE/E, MEREBLC
AR 2HEER Ao mfH L 550 L
Ezbhb,

BT, R & &0, e iR A -
T EREOBERICEIEL L SR Z LT,
Badylak £ #&E "0 <, iR X 5 mEEE
U3 R R B AR AR o B I M M R ESE R AR L,

(22)
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I

Fig. 18 Angiograms of Group C (43C twice-
heating).
(A) : Angiogram before the first heating. (C):
Angiogram before the second heating.
The degree of arterial changes, such as narrow-
ing and occlusion, was less prominent after the
second heating (D) rather than that of immedi-
ately after the first heating (B).

Table 2 Comparison of Growing Rate (GR)

of Tumors.

Case No. 1 2 3 4 5 6 Mean+1S.D.
GR! of Treated
Cages 1.8 1.4 2.1 1.8 1.2 1.5 1.6+0.30
GRof Control 56 11 4.1 3.1 1.8 2.2 2.5%0.95

Cases

GR!=width Xlength 7 days after hyperthermia/
width X length before hyperthermia.
GR*=width xlength 7 days later/
width X length 7 days before.
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Fig. 19 Comparison of Angiographic Densities of

Tumor Stain, Before and After Twice-Hyper-
thermia. (42.0~44.0°C). N=5

second 43°C heating.

Extensive necrosis of the tumor was shown with
marked decrease of tumor vessels. No vascular
damages were noted in the normal tissue (B).
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