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POSTIRRADIATION CHANGES AND DOSE DETERMINATIONS
IN THORIUM-IMPREGNATED LIVER AND SPLEEN
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NORITOSHI WATANABE, M.D. #3135 i

TATSUO MANDAI, B.S. S{{CiE5H

WALTER J. RUSSELL, M.D.

HARUMA YOSHINAGA, Ph.D. ZHikEE

BACKGROUND

The early useof thorium and other radioisotope
materials in medicine and industry has been
reviewed by Looney.! Thorium was first applied
clinically in 1928 to visualize the liver and
spleen radiographically2,3 and gradually became
more widely used for this purpose:5 and as a
contrast medium for bronchography, carotid
angiography and cerebral angiography.l
also used to visualize genitourinary structures, 6

It was

in placentography, mammography, and in angio-
graphy of the extremities.l
detecting accessory spleens was also reported.?
Due to its ability to concentrate mainly in the
histiocytic elements of the liver and spleen,

Its usefulness in

its greatest value continued to be in hepato-
lienography.

Earlier analyses of cases in which thorium was
administered failed to produce convincing
evidence of early or late damage attributable to
it.8,9 Immediate or early histological changes
attributed to thorotrast were reported in
laboratory studies by Wenl® and Pohlell in 1933
and 1934.
containing 20% thorium dioxide and 20% dextron
with 0.15% methyl-p-hydrobenzoate as a pre-
servative. 12

Thorotrast is a colloidal suspension

Thorium is radicactive with a half-life of
1.4 x 1010 years., Most of its effect is caused
by alpha radiation (90%), with a small con-
tribution by beta (10%) and gamma rays (1%).13
FEarly investigations showed that the majority of
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the material intravenously administered to
laboratory animals and patients was immediately
deposited in the liver and spleen and that only
very small amounts were excreted.l? Because of
its radioactivity and its prolonged retention,
early warnings of possible late effects were
issued, 14-16 and in 1932 the Council on Pharmacy
and Chemistry of the American Medical Association
refused to endorse it for intravenous use,l2
Some who used it clinically suggested it be
restricted to patients in older age groups,
with serious disease, and with a short life
In 1947, MacMahonl® reported
the first neoplasm in a patient attributable to
the use of thorotrast
additional number of neoplasms of wide variety
have been documented., They were summarized by
Baserga et all9 (Figure 1).

expectancy. 511,17

and subsequently an

JUBHIICNEETIIEZ OREFIEZ L B 2T
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IZ1% MacMahon " 73 LT b0 b F A FMER 2R
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FIGURE 1 MALIGNANT TUMORS IN MAN ATTRIBUTED TO INJECTION OF THOROTRAST
Bl tetb72bEECERY S EEZ S NS AMO BT
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Type of tumor Age Sex period, Amount and route References
R0 o il 35 F i fE5 Years 5 EER ##H Lk
TR
(%)
Endothelial cell sarcoma liver : i
T B PN 2 A0 T 1A R 70 .!E. 12 75 ml E}nﬁ%;ﬂavenous MacMahon et al
Spindle cell sarcoma kidney 30 ml retrograde .
5849 2 0 M ) B 64 n 16 cvELes nhy Zollinger
WAT M B & R
Carcinoma breast M ? intraductal .
L1 47 ® 1.2 LR Austoni
Carcinoma eyelid M " 7 in lacrimal duct Lnhi
B 51 P 35 A Rudolphi
Squamous cell carcinoma - into maxillary
maxillary sinus 64 ; 10 ' sinus Hofer
b SR S 0 LA
Bronchogenic carcinoma M 2 bronchography Vogtlin & Minder
EEEe oo B8 T smxmwe meroR & A
Endothelial cell sarcoma liver 7 F 3 20 ml intra-arterial Hor ta
T B P9 Be 440 i 1) il = il iR
Hemangioendothelioma liver F 24 ml intra-arterial .
63 14 Ludin
I it 1 P 2 R ® &ih Bk
: : oy 4 .
Czﬁiizoma extrahepatic biliary 19 g a0 ? ;};;;venous Haitians
I 4+ 08 4 8
Carcinoma liver F 80 ml intravenous
TR 15 53 & 21 IR Matthes
.S;;;ﬁ{ngﬂ%t site injection 54 E‘_ 6 20 ml ;;g;;ﬁr;;?ﬁgraphy Plenge & Kruckemeyer
Carcinoma maxillary sinus 36 ; 15 ? ;?:zsmaxillary Givs ok &l

U

LR~




FIGURE 1 (Cont.) (1 (#Ht%)
Latent
Type of tumor Age Sex period, Amount and route References
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Neoplasms were produced in laboratory animals20
by thorotrast injections in 1949, Additional
neoplasms of the renal pelvis, 2! liverl9 and
other sites have been reported. Amory22 and
others have pointed out that severe and often
incapacitating fibrotic changes occur at the
sites of intravenous administration of tho-
rotrast, particularly if there is extravasation.
It has been emphasized that the fibrotic changes
which result from its administration are due to
the radiation, rather than a nonspecific
reaction. 23 (ases of aplastic anemia have also
been attributed to thorotrast administra-
tion. 24,25 Dahlgrenl3 and others have pointed
out the importance of documenting all cases of
thorotrast administration, and that all such
cases should be given periodic follow-up
examinatlions in an attempt to detect more cases
of neoplasia.

Immediately following the injection of tho-
rotrast the deposit of the compound has been
reported to be 50%!5 and 60%?6 in the liver and
10%15,26 in the spleen. Deposit in the liver
five years after injection was reported 27% by
Jacobson and Rosenbaum. 27 Okinaka28 reported a
deposit of 18.7% in the liver and 25.8% in the
spleen 11 years after injection. Shimanouchi 29
reported 11.3% deposit in the liver and 1.35% in
the spleen 17 years after injection.

In calculating dose to the tissues, the
distribution of the thorium, the distribution
and excretion of thorium daughters formed in the
body, the excretion of thorium as a function of
time following injection and the self-absorption
of particle energy within the deposits of
thorium must be considered.30 A large number of
small deposits of thorium in an organ may be
expected to give a relatively uniform dose to
the organ; larger aggregates may contribute a
nonuniform dose, and there may be self-absorption
within them.3? Therefore doses vary widely
within an organ and among organs of different

cases. 30

Quantitative autoradiography, radiochemical
and spectrochemical procedures should be
employed in dose determinations where possible.
Hursh et al3l calculated that an individual who
received 15 g of thorium in 75 ml of thorium
dioxide received the following doses per week:
Liver, 1.5 rad; spleen, 2.5 rad; bone marrow,
0.3 rad. BRotblat and Ward30 presented the
following doses per week of a patient who
received 22 ml of thorium dioxide intravenously:

19494 11k b o b 5 A MESIC & 0 EREI I8 E
WA LAY ES5ICHEY TR 2ofboiliow
L HE s, Amory B Z bz bo kT A b ERE
EROCIZEREE D L A% LIE UISHERE SR (1 o0 SRAE M 20 (L &
Bz, ozhBniE Ha iz ilLuze
BIRE L. ZOEARE L, TEZ ZEMEEELIE
FEHAERIBE VI ED L LAMSHRS R L5 80
THAEZ LM TNE. Y BERYEAMLEES o
T ARSI EOREA S S L E /.2 Dahlgren B
Zofld bo b A MESHIETNTIAZESELTH
CHENHY, ZokH)EBREMIZO VTRV TR E
B G BEMRELERL, 222 OHEhOMES
HAHDNETHZL LTV,

Fo bk FAPEHEHRICALSNS ZOLEHOKE
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U ARERNTITZ2bhaRF A L¥—HCHRIE
ERIZANGLESFHE.5° BEAIZLNY Y LEHENE
WArEHsAHEI10E, MRE2OBE CHBMEEC
TebrdbneEILNEY. RFFRERERTIEH
HUHBROSHRIRYECLY, 25 12720RSTEHD
MW EITEbNETHAI.0 LENSTIODOBED
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EAMEIEHbLAS.Y
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2oL T 1.5 rad, MET2.5 rad, &
#iT 0.3 rad TH-7=. /- Rotblat H & U Ward * (2
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Spleen, interior 4.8 rep: spleen, exterior
8.3 rep; spleen, hilum, 3.5 rep; and liver
8.1 rep. Rundo32 calculated cumulative dose in

rep to the liver, spleen and bone marrow for a
standard man following the injection of 20 ml of
thorotrast (Figure 2). The decay of thorium is

illustrated in Figure 3.

LERY = DRI T 4.8 rep, MRS T
8.3 rep, MPFIT3.5 rep, IFETSE.1repTah 7.
EH1Z, PR FFTA L2200l HEHOLEHAOE, M
B, & X UEMIZE S rep BRI E, Rundo #
LENERH2IZR TN THS, M3 MY 2 L20M
BERHUXNEFT.

A
1,

FIGURE 2 CUMULATIVE DOSE (REP) TO LIVER, SPLEEN, AND BONE MARROW FOR A STANDARD MAN
AFTER INTRAVENOUS ADMINISTRATION OF 20ml THOROTRAST
F2 Pob7xr20ml BEHICHETSEHAOFE, MES & OCEHOMAHRR(rep)
After 5 years After 10 years After 20 years
Organ Weight Th. content 5 104 # D
MES i fit aER a 8 a A a A
Liver 109 743 316 16 726 42
I Bk 1700 T0E  2:8g 61 2.1 189 11 695 36
Spleen 310 25 580 56 1320 149
e 139 25% lg 117 9 354 38 1100 130
Bone marrow 6.3 0.5 12 1.1 i 3.0
Tt 14800 5% Os2g 2.4 0.2 7 0.6 22 2.6
Rund032
FIGURE 3 DECAY OF THORIUM
3 Yoy os s
A B Y
232'[}1—-—-—>2%gﬂa(MsTh)——+228Ac(MsTh)——-—Pzgg’[‘h(ﬂa 111)—>224ﬁa('rh )
l.4x1010y 6.7yrs 6.13 hrs 1,9yrs 3.64 da
212Po(ThC' 216A
[24
= 3x10" "sec @ 3x10° A
'
o4
208 (ThD) 212 Bi (ThC) 2160 (ThA) «———— 22%Rn(Thn)
Stable S f\;\\\zos (ThC) 50 5 m1:\\\\\\\\ ‘///,zfj://;.1sa sec 51.5 sec
qlsz(ThB)
3.1 min
10.6 hrs




CASE REPORT

A 46-year-old Japanese male received thoro-
trast intravenously for purposes of visualizing
Clinical

information concerning the patient’s earlier

the liver, 22 years previously.

history and physical findings was lost during
the confusion of World War II., It is not
possible to reconstruct the patient’s history
accurately, but it is known that he had a
cholecystectomy in 1938, in Manchuria. The
administration of thorotrast presumably took
place just before this surgery.
administered is not known.

The amount

On 5 January 1960, a Hiroshima hospital
diagnosed the patient as having liver disease on
the basis of physical findings, but he refused
hospitalization. Clinically, a neoplasm
secondary to thorotrast administration was
suspected. 33 He developed jaundice and malaise
two days later. When finally hospitalized four
months later he was found to be anemic (red
bload cells 2,090,000/mm?; hemoglobin 8.5 g/
100 ml) and had a moderate leukocytosis (white
blood cells 14,200/mm3) and ascites, Liver
function studies were abnormal; icterus index
was 120; van den Bergh: direct,4 ; indirect, 4 +.
Paracentesis was performed and 800 cc whole
blood transfused during that admission. He
expired 29 June 1960.

An autopsy (| ) was performed at the
Department of Pathology, Atomic Bomb Casualty
Commission (ABCC). Gross findings included
absence of the gallbladder, stenosis of the
orifice of the common bile duct, dilatation of
hepatic ducts, moderate biliary cirrhosis
3500 cc ascitic fluid and esophageal varices
with hemorrhage., Histological findings included
chronic passive congestion of the spleen, with
hemorrhage, fibrosis, hemosiderosis and exten-
sive thorium deposits in the stroma of axillary
and inguinal lymph nodes. Sections of the
stomach and ileum showed chronic inflammatory
changes. The liver showed extensive secondary
biliary eirrhosis, proliferation of bile ducts,
regeneration of liver, and deposition of
Bone marrow of
the sternum and rib cage showed deposition of
thorium and fibrotic changes. There was moderate

thorium mainly in Kupffer cells.

cholemic nephrosis involving both kidneys. The
formalin-fixed tissues were analyzed six months
after death,
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ANALYSIS OF TISSUE

Radiography Sections of the formalin- fixed
liver and spleen 1.5 cm in thickness each were
used to make the roentgenograms shown in
Figure 4. These roentgenograms were made using
58 kilovolts, 5 milliampere seconds, and
employing the usual processing techniques.

There is a relative increase in the amount of
dense tissue in the affected liver and spleen
representing fibrosis. The histological findings
at autopsy confirmed the presence of such
fibrotic change.

Autoradiography Sections of the liver and
spleen 5 ¢ in thickness were used for auto-
radiographic analysis, employing a Kodak-nuclear
5 4 emulsion, using the stripping method.
Numerous alpha tracks were visualized on the
emulsion, and are shown in Figure 5. Fibrotic
changes in the connective tissue are also
visible. Also seen are large numbers of small
aggregates approximately S5y in diameter each
and a very small number of large aggregates of
thorotrast.

AR E

XBERA FXFEhFN1.5mDAN ) v EEE T
BEUMBOUA EHVEHLLRTXREREB2. 2
DXHBEHIE58 kv, 5 mas OFEMG TG0 FiELA
CTREELA,

WSS % 2 7 BFRR S & OO0 B CARLAE o0 B B 47 B B ) 1 19
HMLTVWBONRDENSY, CABEEERTLO
ThHE. HBCELTEAMBENTRIIEVTE 20
SN I TR LE AR S h e

A= bZ9FT570 SunIEIE X0 Kodak-nuclear
TARY y TiEERG, EX 50 OFF RS & O
ZoWwTA -7 V35774 2EEBLE @S ICFRF
LEVZHOaBRBAEE 7oV A LB 5 N2k
HEBOMHEEE LT DI LI TED, 2512, |
FENEZNMEL OO PSR MEFANEREY, 25
T2 AHLEFS PO P A MRFORBER LD 5
s,

FIGURE 4 RADIOGRAPHS, LIVER AND SPLEEN, SHOWING AGGREGATES OF THOROTRAST
IN TISSUE AND SECONDARY FIBROTIC CHANGES

B4 H#AICETs o bS5 A MERBIU I S A ML ABHEEELE BRI ITE MK X B

Liver KB
FIGURE 5 AUTOBADIOGRAPHS, LIVER AND SPLEEN, SHOWING NUMEROUS ALPHA TRACTS IN TISSUE
X5 #MEBANIZEWIFHOcBmRBETTIFBERBOA -7 34757
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Chemical Analysis and Dosimetry The method used
was that described by Ishibashi and Azuma34 in
which ashed samples of the organs were acidified
and dissolved and the thorium was precipitated
by centrifugation. The precipitate was analyzed
by colorimetric method. 1In the present study,
the wet liver specimen weighed 1670 g and the

wet spleen specimen weighed 55 g.

By chemical analysis calculations showed a
deposition of 0.37 mg of thorium per gram of
liver and 13.7 mg of thorium per gram of spleen.
The total thorium in the liver was 0.62 g, while
that in the spleen was 0.75 g. The amount of
thorium in the liver was calculated to be
0.068 pc, while that in the spleen was 0,082 Me,
according to the following formula:

W
C= () (W)

EFHBRESSUBRBUTE GBI OHD HHY 2k
D, EARERL L CEMCESR L, SO LT kg
¥, TOERBEMELBEZEILOMELLE COMETH
WAHESEAO &ERIT1670g, MEHAOTER IS T
b o7

TSI & 3 300 T, b U Y A TR RE I 1 AT
TliEtnER]L g %if: 9 0.37mg, DR TIEE L < 13. Tmg,
U ABREATITI20.62g, MEETIZ0.75 Th -

o FThbb, PUYLABERERONICE S TEHEL A
R, T 0.068 pe, MIETIE 0.082 pe & %
'Jf.:.

(A) - (D)

C= activity in curies

BT Bt (curie HifL)

W = radioisotope weight in grams

[Af 763 o M At ( g H4r)

K = constant

6.02 x 1023

iE

A = mass number

BUAE %

3.7 x 1010 x 1. 44

T = half-life in seconds

e {6 10T (R B A

By knowing the effective absorptive energy for
the organ of reference, in terms of thorium and
the dose to each
organ was calculated according to the following
formula:

its daughters (Figure 3),

U AE LU OBERBE(E 3 )25+ 5 AT
MOHMBWLALF -2 5, BWHICHTSHBHT
FRORIZESTIT % 7=,

(disintegrations/sec,",uc)(effective energy) (uc thorium per organ) (time in sec)(erg/MEV)

(Mg . ae) (AR HLF—)

(B3 by afikec)

(B W (i ) 100

R(rem) =

organ weight in grams

e mER(e)

According to International Committee for
Radiation Protection (ICRP), 35 effective energy
is expressed as 3 EF(RBE)n. Here it is assumed
to be the same for liver and spleen, and the
value for these organs is expressed as 41,
according to ICRP.

The time, 22 years, expressed as seconds is
6.9 x 108,

E BT @ ER £ ( ICRP )® Izkhif, A~
FNF—@IZEF(RBE)n R TE 2603, Wb &
URIBIZoW T M EZFL T, ZholigElzdIT 3
FOMMIE ICRP ARz L N4l & % 3.

B2 F I HICRE T NIE6.9 X108 Th 5.



Making appropriate substitutions in the
formula, the dose for the case in this report
was calculated as follows:

FThEFNBYORTFER IS T iE, Afito
EFC s 2MBHT I ROL 124 5.

() -6
(a) Liver R(rem) = (3.7x104) x 41 x 0 Pod x 6.9x108 x _lﬁ_éi
P 104
= 66x101
R(rem) = 680
] Splesi H(rem) = (3.7x10%) x 41 x 0282 . & 94108x L.6x10°¢
4Bk 55 100
= 25)(103
R(rem) = 25,000

Dose to the liver was 680 rem; that to the

spleen was 25,000 rem.

Scintillation Counter Study Using a thorium
standard of 8.41 g, wet samples of liver (0.45 g)
and spleen (0.42 g) were counted in a well
scintillation counter. It will be noted from
Table 1 that the total volumes of thorium in the
liver and spleen were estimated to be 0.58 and
0.76 g respectively by use of the scintillation
counter. The results obtained by chemical
analysis and scintillation counting are shown
in Table 1.

Tabb, WO S 680 rem, IO HIE25,000
rem Tdh - 7=,

DUFL—a VEMBRICEBERA by AEHES 4l g
ARG, RIRMENIFREEA(0.45 g ) & U8 IR 1k 19 i A4
(0. 42g)icoWTHFERY v FL—3 3 vitliRIzE 3
fiflleEB LA Tabb, 112580, Y7
b= g YERMEEIC & 23N TEBFR B & ORI 5
5hUY ABBAEFMHEFNFN058g HLU0.76g &
LA LESFEPLIUVY Y FL—b g vETEHAECH
SEEIEFELICRL .

TABLE 1 RESULTS OF CHEMICAL ANALYSIS AND SCINTILLATION COUNTING
Bl REPFEBLOD Y FL— b 5 ¥ TR AR
Scin_tillation Chemical method
Counting method
Sanijile Weight C/M YyFL—Ya yREEICL S {62 51 it i
ok 1 it Net Total thorium Total thorium Total thorium
) IE B per organ (g) per organ (g) (#e)
(g) C/M mBoryy sl REO MY AER YUY LERR
Pﬁaﬁééﬁeﬁ;;ﬂ's liver 1670 236 aE 0.58 D.62 0.068
TapdbiL & aplest 55 1498 1297 0.76 0.75 0.082
B o R ! ! *
Normal liver ~
E %A KF R = 4L - -
Normal spleen - 197 - o :
EWA® MR
By s ekl i - 2107 1892 5 ’
Background B 909.4 N ~ _

Ky g HT




In this counting procedure, it is difficult
to estimate the radicactivity of daughters in
therefore, the
values of scintillation counting were used only
as a supplemental reference.

organs which have been removed;

DISCUSSION

Calculation of dose to organs and tissues in
which thorium dioxide has been deposited is
extremely difficult. A small.amount of the
thorium and its daughters are excreted from the
body; self-absorption of alpha particles occurs
in the aggregates of thorium in the tissues; and
there are difficulties in studying thorium
distribution in tissues. Dose estimates have a
wide variation, and the factor may be as low as

2 or as high as 20 within an organ.

In spite of the difficulties encountered in
determining the amount of thorium dioxide in the
and in the calculation of dose to the
tissue impregnated, a reasonable estimate can be
made by chemical analysis of the tissue, by
quantitative autoradiographic examination and
making appropriate calculations. Even though
there is a likelihood of significant error in
these methods, it is still very useful to make

tissue,

these determinations.

SUMMARY

A brief review of the history of the use of
thorium dioxide is presented. Some of the
difficulties encountered in estimating amounts
of thorium in impregnated tissue, and making
dose calculations are cited. Resultsof chemical
analysis, radiographic and autoradiographic
studies of tissues of a patient who received
intravenous injection of thorotrast 22 years
previously are also presented. Estimates of
dose to the liver and spleen of this individual
were 680 rem and 25,000 rem respectively.

ZOFHETEHBESEAOBEEIC L 3 RS RO
HEIRETHS. LANST, Yo Fl—3 5 viklz
& B FE I H BN IC RIS B0 P s

£ =

TN AT LEBE S CICHEoBR
iz sbdTHETHS., ML LUV ORI
Z0 b EAEIMCHEE S, HEBCE LAY
T ABEEERE T TFOEACHN ST bR, M
BAO P 25HMEMBZLERTTL LY. GRHEE
fEldREs<EMEL, AMCBETEHS VI FEH2 L)
BuEAELH D, b2VEEHM0LVIEVIREEH S
A 5

Mo Bt b Y 20FERS LU E N AL
HMEIC OV TOBRRBRHFE I IO &5 2t EHHEHH 55,
b¥REERE, ERA - P59+ 757k 0M N L
ARG T s 201, EIFRYAHERLGL &
LUHETHS. ChboDHERAELBRELE LS T
A, MEEZTZI>ZLIEEbLOTHRETSH 5.

E 3 O

TERAE by AER R S BT ARE L. AR
PIZETS P 2SR OHEE L OCRBHE 126 7
STHBLAETORBIC DTl & &3z, 26
oo b5 2 MFEBEOMME BV TEE L 2% h
B, XBERBSLVA -7 VA TS 7110k 3R R B
EhbEBEALE. ZoBBELLFVTIFES & UMK
O IR SR AL 7 0 F 0680 rem d & 1925, 000 rem
Tho- 7.
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