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RETAINED THORIUM DIOXIDE MEDIA IN SEMINAL VESICULOGRAPHY

X R WS

CRECERIAAZBIE N T LAEREOSE

A FOLLOW-UP STUDY WITH DOSE ESTIMATES
RBAWRERECRBHEE

BACKGROUND

A comprehensive review of the early use of thorium and
other radioisotope materials in medicine and industry has
been presented by Looney.! In 1928, thorium was first
used clinically to visualize the liver and spleen radio-
it gradually became more widely used for

and as a contrast material for carotid

graphically;”?
that purpose’ "’
angiography, bronchography and cerebral angiography.'
It was also used in placentography, mammography,
angiography of the extlemmes ' and to visualize genito-

[Later, it was reported useful in
7

urinary structmes
detecting accessory spleens.

Initially, injections of medications into the vasa deferentia
were made for the treatment of infections of the vasa and
seminal vesicles." " Subsequently, a variety of compounds
was used in attempts to visualize the seminal vesicles,
either by vasostomy or by instillation via a transurethral
catheter with its tip in the ejaculatory duct. It was noted
that such medications were not infrequently retained in

these structures for more than 1 year.“

Other indications for seminal vesiculography were the
visualization of structures in patients with aspermia but
preserved testicular function; in adult candidates for
orchiopexy; and in patients with post-herniorrhaphy pain.“
With the introduction and subsequent increase in popularity
of the thorium dioxide compounds as contrast media,
they were found to visualize the genitourinary structures
well, but some investigators cautioned their use in seminal

vesiculography and pyelography.“'12

In recent years, thorium dioxide-induced tumors have
been reported with steadily increasing frequency. Most of
these reports concerned individuals who received relatively
large amounts of thorium dioxide intravenously, either for
the visualization of the liver and spleen or certain vascular

'R
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structures, particularly those of the cerebral circulation.
These reports have substantiated lahoratory investigations
in which a similar cause-effect relationship was demon-
strated."” It has been pointed out that any case with
thorium retention should have a guarded prognosis and
that the dose, no matter how small, is never to be

. . 14
considered innocuous.'

Thorium dioxide is also considered responsible for
severe fibrotic reactions at the sites of injection, particu-

14-16
' In a number of

larly in cases of extravasation.
mst‘lnces, it has been responsible for tumors at injection
sites.'” Thorium dioxide-induced tumors have developed
following intracavitary use and following procedures in
which no significant retention of contrast material might be
expected, such as retrograde pyelography, salpingographv
and dacryocystography. Dahlgren’s summary'® of some
of these cases is shown in Table 1.

A review of the Japanese literature suggests that
thorium dioxide was infrequently used in Japan as an
intracavitary contrast agent, but occasionally it was used
intravenously, especially in hepatolienography and cerebral
angiography. A number of cases of liver damage and
neoplasms in or adjacent to the liver due to thorotrast
injection are recorded in the Japanese literature.

Two cases have been recorded by Nihira et al'® where
residual thorium dioxide was identified in tumors which
developed following spermatoeystography. However, the
tumors were not identified as malignant. Yanagiharam
reported a 32-year-old male in whom a mass was noted
at the injection site 2 years following seminal vesiculo-

graphy. In this case the tissue was excised and particles of

umbrathor were identified in a granulomatous lesion. By-

roentgenography, the same investigator also detected
retained thorium dioxide in a seminal vesicle of a 30-year-

old male 9 years after seminal vesiculography.'z“

Since it is difficult to prove that a tumor has resulted
from thorium dioxide administration, three basic criteria
for establishing causal relationship have been advanced by
The particles of the material must lie in the
vicinity of the tumor; there must be a latent period
sufficient for the development of a neoplasm: and the
radiation dose to the tissue must be sufficient to produce

Dahlgren.'®

a neoplasm.

Two of the most widely used thorium dioxide preparations
were thorotrast and umbrathor. Thorotrast is a colloidal
suspension containing 25% thorium dioxide and 20%
dextron with 0.15% methyl-p-hydrobenzoate as a preserva-
;. 5 ; ; : :
tive.”" Umbrathor is also a colloidal suspension of thorium
dioxide, in 25% concentration, with a greater acidity,
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TABLE 1 TUMOR DEVELOPMENT AFTER USE OF THOROTRAST
#F 1  Thorotrast {fi F #% o RS
Author Tumor Purpose of [|-|j ection Dose %::ﬁzé Sox Ages
*& A E4 o Him ROERAE N Ee
cc YLSIf
1949 Zollinger Spindel-cell sarcoma kidney B o0 35 fa 0 Pyelography o R 30 16 M5B 64
1950 Austoni Carcinoma breast FLats Mammography LR 38 Beik 10 12 ME 47
Ruf and Philipp Carcinoma eyelid AR A Dacryocystography R B = 35 M3 51
1952 Hofer Carcinoma maxillary sinus LS Maxillary visualization LHUM%EE s 10 F& 64
Vogtlin and Minder Bronchogenic carcinema AR Bronchography AN ik Rk 30 18 M 47
1955 Gros et al Carcinoma maxillary sinus iR Maxillary visualization kI - 15 MB 36
Scheibe Malignant peritoneal therotrastoma EMERMB RO b7 2 kRS Intraperitoneal WEREN 24 17 F= 60
1956 Boemke Carcinoma kidney TR Pyelography g o35 - 5 M3B 75
Budin and Gershon-Cohen Carcinoma breast Lt Mammography FLA i ik “ 17 M3 43
1957 Federlin and Scior Carcinoma ovary LIRS Salpingography = 23 Fi 45
Jacob and Schostok Carcinoma kidney TR Pyelagraphy - 25 F 49
Roth Bronchogenic carcinoma AW Bronchography - 13 M3 38
1958 Nielsen and Kracht Mixed tumor kidney B G - - Fi 66
Verhaak Adenocarcinoma kidney BRI Pyelography = 21 F i 43
Verhaak Carcinoma in situ kidney R RN Pyelography ek - 23 Fix 44
1959 Gelzer and Scheidegger Carcinoma seminal vesicle LLE £ lirethrovesicography I SRE G e R i = 14 M3 68
1960 Alken et al Carcinoma kidney TR Pyelography i ik - 23 M3 56
Cavtell and Kahn Peritoneal carcinoma [0y e Salpingography aF i RsE - 21 Fi 48
Gros et al Carcinoma maxillary sinus LA Maxillary visuwalization L1 H(iiF#E%% - 14 F#& 49
Kligerman et al Carcinoma maxillary sinus ESEE Maxillary visualization _EIFIYIE B 18 F i 32
" W " W " = 21 M5 39
" " " " " = 10 M3 70
n " " " " £ 15 Fi 70
Kruckemeyer et al Carcinoma kidney bR Pyelography Wik kik - 23 Fic 45
*Afe ot diagnosis or death I E /- (EUELREO) iR Dahigren’?



and reportedly outlines structures in better detail because
of its flocculation on surfaces. especially in seminal
\.re.si(:ulography.22

A method of seminal vesiculography using thorium
dioxide compounds in patients radiographed at ABCC in
In that study,
patients with various clinical diagnoses were examined for

Hiroshima was previously 1't=,-1:uar'tﬁ-d.22

possible abnormalities of the genitourinary structures.
Small amounts of the media were injected into the vasa
deferentia by vasostomy at the Department of Urology,

Hiroshima University School of Medicine. Radiography
was performed at ABCC 5 to 48 hours following injection.

PRESENT STUDY

Method of Follow-up Because of the widespread interest
in follow-up studies of all patients who have received
injections of thorium dioxide, and hecause the present
series of patients represent a rather unique group who
experienced seminal vesiculography with this media,
extensive efforts were made to contact and reexamine
them. The method of contacting subjects examined
regularly in the clinics of ABCC®® greatly facilitated this
follow-up study. A number of the subjects who received
the examination were formerly members of the Japanese
Armed TForces. Despite extensive efforts with the
assistance of prefectural governmental offices and the
Japanese Self Defense Forces, some who had moved to
distant parts of the country could not be located. Of the
56 cases examined by seminal vesiculography, 24 were
again contacted and 23 examined. One patient refused
examination because of undiagnosed illness. The lapse of
time from seminal vesiculography to the present exami-
nation varied from 12 to 14 years.

The present examinations of these patients included a
complete history. physical examination, routine laboratory
studies, liver function tests, radiographs of the chest,
abdomen and pelvisincluding the genitalia, electrocardio-
grams, and other studies as indicated. No biopsy nor
surgical specimens were obtained.

There were nine deceased patients in this follow-up study,
none of whom were autopsied. Three of the deceased
were reported by death certificate as having neoplastic
disease at the time of death. Case I died 5 months after
seminal vesiculographv, with a diagnosis of carcinoma of
the urinary bladder. That diagnosis was established at the
time of the initial examination. Case 2 also was diagnosed
as having carcinoma of the urinary bladder at the time of
seminal vesiculography, and died 7 years later. Cause of
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death was reported as carcinoma of the urinary bladder,
Case 3 had a prostatic tumor at the time of seminal
vesiculography, and died 3 months later, reportedly of a

‘weak heart.” No diagnoses of neoplasia involving the genito-

urinary system were made in the other deceased patients.

Table 2 summarizes causes of death in the deceased
group and the results of the follow-up studies of all
patients examined.

Of the 23 cases studied, 14 had nodularity, swelling,
fibrosis or induration at the sites of the injection near the
vasa deferentia. In 21 cases retained material was
evident near the injection sites, in the scrotum, or the
regions of the epididymis and testis. Two cases had
nodularity of the epididymis or seminal vesicles, but no
retained contrast material was seen in these regions at
this time by roentgenography. Nodularity in these
locations therefore may not be due to the contrast media.
Nine cases showed no abnormality of soft tissue at or
near the injection sites. In all but two cases, retained
contrast material was detected roentgenographically.

CASE STUDIES

Roentgenographic Appearance The roentgenographic
appearance of retained media in two cases is shown.
The distributions of contrast material in Case 10 and
Case 11 were typical for most of the patients in this series.
Iligure 1 shows distribution in Case 10 of the material at
initial examination (1949), and at the present time in
regions of the vasa deferentia injection sites.

A scintillation counter was used to detect activity over
one deposit in Case 11. Comparison of these values with
those of thorium dioxide standards in phantom material
was made as shown in Table 3.

Case 12 was of special interest because of a relatively
large amount of contrast material visible around the
right vas deferens and surrounding tissue. This 85-year-old
male had a clinical diagnosis of prostatic calculus at the
time of seminal vesiculography in March 1950, and
excretion of a bladder calculus following a cystoscopic
procedure which preceded the vesiculography by 1 week.
At seminal vesiculography, only the right side was
injected, and an unusual pattern was noted about the
seminal vesicles at radiography. Figure 2 shows the
radiograph made at the time of that procedure (1950),
and the appearance at the present examination.

Tl ZERIEREEmEs g, BE3E, X558
B EM AR LIRS CRA L T, Foika
PATHCL, FEEE TOBHES, s EBfMshto 5.
ZOMDFECH THRENDHEHOBIL T8 L
b RN A

K21k, REEOFREAS L UMELT L 2h%
DEBBEOERLENLLLDTH B,

AL 21T 22300, L4010 SRS (2 E O iR At
ZESEIRE R, MERE, ARHEREE L 3WEEAT L - L 20z
BT, EATBEREAGC B, FAmSAL S g
BANBNIZETFOERAOBRLEH 2. 206178 2
HE - ILHEE CERERY S 2y, S0 X EEET
&, ZoffiizEgkflofBi@sonitsr o LA
Mo T, ZOMBEITHZHEHERIL, SRR L -
LOTRAEVEEZ LGNS, BT, S 02
TIIHET ABEBCREEAS L o £ X BB
BEMELL -T2 eBRe 2RI ERAO®R BEH N
1 <8

FEFIRRZE

XIREAR 2000000 2 E A O X g LR
T, BBENSLIPAENI T2 REAOSTIL, Bk
BEEZUALBHoRENZL0THE., M1, H#EED
RGO 1T B W B AR (19494 ) o 7 A1 o) 55 A6
BLUSEOMETES N ERAOGTHLTT.

YrFL—var AV —(FHOTBEIIZR
W LNIREOREATREE B L . BAfEET v b —
LPOZE b L OB R 3 CRL AL

BEIZIZE, HRWEESE 7 o BEERR iy
FROEFALEBLEBLOTHCREALIELLE. 2
O B5HE O H ML, BT LIRS G O BER BT T, 19504 3 B
XS EREL S, FTAZOBED THAE
T kT BRSO, S - 2. X5
WS EMRERE, GHOAEHL, XESHTHED
BIECRE 2@ E@n, HM2i13, Z0HRER(19504)
DXBEE L CRAEDRERO XSG L R,



TABLE

OF PATIENT CONTACTING AND FOLLOW-UP EXAMINATIONS
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TABLE # 2

Seminal Vesiculography #4358k Results of Follew-up Study Higmgs T
Clinical Date Media 3% 823 b Roentgenography
Case Age Diagnoses g5 - Interval History Physical Examination L%g}"&")@”’ Retainad -};?‘Qt Remarks
24 5 bR B § ¥ £ i i} 495 IR & %= oyl Lr by iR e
BE RS B B8 DHY T RE LE P E : B 7 Il bR
10 MH 93 Ureteral stone 71049 U ? ? Gastritis, 1962; Urticaria 5X5mm nodule in right vas 1 0 Rt vas: 4mm(x2)
’SP';EE’WSE 1962 W %, HREaE. TR 12 5 X 5 mao) /N EE R WA
g
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I ago. Prostatitis with fistula, 5x5mm; Swelling dity ¥ £—n Lt vas: 6mm Study
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MIMBH ST, FHiae< 12k S
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JAMEE. FRIR & (¥ REC: 5-8
AT T 4
3.3
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15 " 58 Calculi in urinary 30 9 49 2 ? ? Operation for urinary bladder Cataracts. Hypertension. Penis short- 0 0 Negative Rt vas: lem Aneurysm of thoracic
bladder and pros- caleulus, 1950 ened, scarred and hyperpigmented B Lt vas: 2-3mm aorta by chest
tate. Spermatocyst 1950 K RE#EF O F il & 2 < MR, & ELE. BEo R, i, o Rt testis: un  roentgenogram
RERE & & UFilij S ARy ERE @ F Tk H R BGE L v b
NEER. W k‘t"};fnsj 3mm T B K EIR O B IR
3 :
16 32 Impotence 14 10 49 U ? e, 2Cholecystitis, 1960 Both testes small. "Pea size" 1 1 Alkaline
e Gastritis 1963 swelling in vas, bilateral phosphatase: Rt deratin
1960 fE#E 45 7 BABMEH & &b, HMBHFIZH1T5 10.1 [-"Tm(_(_x"] '
19634 7 %7 T3 A& K]ORE Tl apn T ACRDIum T
Z7r¥—+t:1ul
17 43 Chronic eczema 28 12 49 T 2 2 Generalized urticaria in 1936; Small nodules at anterior triangle, 0 0 Hookworm ova Rt vas: lmm
Wi in 1949 localized at scrotum  neck. Chronic bronchitis and in. stonl -
Weight loss of unknown amount emphysema f'k:‘-’!‘,. s
19634 & S{E S BEL . 1MOIFEE % P12 d5 0T b D, MIERAT X iy
BRE. PREED 2 LI bk A
. t z . ! .
18 * 31 Prostatic tumor 10 350 T 1.5 1.5 Tuberculosis urinary bladder Nodularity at both vas injection sites 1 1 Negutive 5: 1. 5mm Pulmonary tuberculo-
T 37 A58 B 75 10 yrs ago. 40 injections Poth vasa firm B Lt vas: 1. 5mm minimal, active

of streptomyein. itk
0.3 0.3 0ENRFRERERE. 2 L7 b @
E } <4 ¥y oEH40E

EAER B0 S EERHM testis: §mm - ¢ RN 0I5 B MR
LR




TABLE # 2

Seminal Vesiculography Results of Follow-up Study

Boentgenography

Clinical Date Media 5527
Case Age Diagnoses HIlt — Internal History Physical Examination LR""'“""" ?;{:; 2
= ;o . - ” e v b
m i 3 D MY T/U RTi LA i B % == i %
g S B3 0 R 1 T 11 1 E 4 s
19 * 42 Cowperitis. Pros- 10" 5:80° T ‘o5 A5 Spondylolysis in 19507 Slight sw 1ling at left vas posteriorly 0 1 Negative Rt c_]de_-: 0 Spondylolysis. Cuont-
tatitis. Swelling 1950 ¢ ‘~p mdy Btk i 44 rast material in
and pain in prostate i 5 Lr. ,rle: 0 spinal canal. Ne
g3, i SRR S {l‘l ned contrast ~ lia
= minal vesicul
g raphy
Ve RE. 7
BT 3
Mo
20 Mi 39 Sterility 20 3 50 T 1.5 1.8 Bronchial asthma, 1 month rales and fever. Benign 0 0 MWBC: oo Lmm Active pulmonary
TR Pul tuberculosis, 1 yr hypertrophy with n.harrurru; RBC: 3,190,000 Lt vas: 0 tllhert‘uYu:\I Chronie
: 14H Eighth nerve damoge b 112 hronchiectasis.
% Bk S.R.: Farf ign body in abda-
J'h Turb.: 11.4
CC Floce, :+++ ﬂH‘*’.
i
21 20 Soft chancre 126 50 =2 2 ? Treatment for gonorrhea, 1050 \rg.nnw 00 At scrotum:
Acute gonococcal Bilateral ligature of vasa in y
epididymitis Lt side:
22 29 Acute gonococcal 21 65 T 15 1.5 0 0 Enterobius ova Rt vas: lmm
urethritis in stool Rt scrotum: Inm
T T T PR 5 {0 1288 gy
23 101050 U 1.5 L5 Pulmoudr. tuberculosis at vasa, both sides 3 2 J\P gative Rt vas: dmm
22 ',r\ 1.,( with 1 yr ¢ B Lt vas: Gmm
14 10 7 iH-ie it % ‘75, il
24 16 Chronic gonococcal 7125 U 15 1.5 Contusion right abhdemen, 1956 Rilateral induration at vasa, non- 2 2 llruml}('is' it vas: Smm
urethritis wi \h hematuria tender. Post-operative d syndrome. WBC: 10-12 Lt vas: 13xd4mm
18§ I & Cervical osteoarthritis. [lnar
T neuritis
25 26 B 711 50 7 7 ? 7 kg weight in 6 months in right testicle 0 0 Urinalysis: Rt side: ¢ No retained media, No
6 4 APk Tl wf right ear trichomenas Lt side: o | recollection of seminal
‘ T <1 FUaE+= vesmu]ogr'!phy
26 25 Acute gonococcal 16 .11 50 U 1.5 Y5 Pulmonary tuberculosis in Right seminal vesicle indurated 2 0 Negative Rt vas: Smm Pulmonary tuberculosis,
i 1654 with chemoli\erapv Right epididymus, large and fibrotic, Bt Lt vas: moderately advanced,

probably active
3 TL/2-% 5% i iy
EEBbh s iR

\pp»ndn a

1654




TABLE % 2

Seminal Vesiculograph WRENTE Results of Follow-up Study B n
graphy i 7 y BERIEOHER
i s vk Vas Roentgenography
Clinical Date Median 35 B2 ) genograp
Case Age  Diagnoses e i e Interval History Physical Examination *ﬁ” ME . Samuseny e }'.f‘“ Remarks
i iE o D MY . - g m g B % ¥ L SRR e LR 35 BE
B R BB 35 b HAE YUORH LE i W # B B % & P BF: o 75 T -3
27 45 Chronic gonococeal 14125 T 1.5 1:5 Liver disease in 1961 and Right cervical adenopathy. Enlarged 0 0 RBC: 3,700,000 At vas: 2xGmm Bullous emphysema
urethritis 1963 prostate. Left varicocele. Female Hb : l(I‘G Rt scrotum: 2mm Atelectasis
b 8 T O 5 2 19614 & & 1F 1963 12 IF k& escutcheon. Chronic bronchitis. S.R.:28 Lt side: p A ARE. HRET iR
) * f!cm;.n pro‘ atic hypertrophy Total P.:
p AR \lllz :':ﬂ_
5w Glob.:3.7
28 61 Prostatic 211250 U 1.5 1.5 7 kg.weight loss in ¢ months. < 2 2 &R.: %3 Rt vas: lmm Pulmonary tuberculosis,
hypertrophy Suprapuble pain. Pulmonary  Subcutaneous bitemporal nodules Urinalysis: Lt vas: S5mm minimal, with question-
AN tuberculosis in 19 Abdominal 8x2em  mass.  Induration WBC: 10-15 able activity
: 6 7 H iz (s Ref buthieus RBG: 122 EEETI 0 2 R
ko 2. 1957 iF Bk B i iS5 BE
FOBIL
29 32 Tuberculous 18 151 0 1.5 1.5 Pulmonary tuberculosis s in left seminal vesicle 0 2 RBL 3 UOO 000 Rt 10mm Staghorn calculus,
epididymi tis WA B e it 10mm left kidney
R e A 5 . AT, R
Glob.: 3.1
Urinalysis:
WBC: 90-120
30 32 Tuberculous vesiculi- 8 251 U 1.5 1.5 Tuberculous orchitis in 1951 Left testis retracted. "Pea-si 1 0 Nepative Rt vas: 0
tis. Tuberculous with orchidectomy. Occasio- swelling at right vas injection site Bt Lt vas: 8nm
epldzd\m tis nal ops AR GEER LT 1 5 L
FEARTEN ¥ R 3 1951¢ i, :
EIJ‘&}L% BT = 7 < . &
PO R A T S
31 34 Spermatorrhea B 351 U 1.s L5 Recent 5kg weight loss 11 firm nodule at right vas 1 0 Urinalysis: Bt vas: Smm
R Easy fatigue iinal nodularity Ixlem RBC: 2-4 Lt vas: 10mm
J&:'T‘f" 0 \m“l“] . HmEse
ui’ B 1 X 1em
30 * 20 Syphilis 9 649 U 2 2 Duodenal uleer in June llnp-nmn&galy Small nodularity in 1 1 Negative At scrotum: Duodenal ulcer
1k 196414F 6 7 (2 4- 4508k both ar, right inguinal area et 11 x 5mm deformity by GI

MO ) 55 R R Lt scrotum: 4mm




FIGURE 1 RADIOGRAPHS OF CASE 10
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Seminal Vesiculogram
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Follow-up Examination
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FIGURE 2 RADIOGRAPHS OF CASE 12
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Seminal Vesiculogram
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Follow-up Examination
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TABLE 3 VALUES OBTAINED WITH SCINTILLATION COUNTER

T3 Y rFL— g vEHEEAEC OB AN
Subject Contrast Material Counts/min # % > | /%
T i& Al Total & Background Net 27|
Case 11 Right vas deferens 2137 2025 112
L H W&
Thorotrast stapdard 0.2ml 2425 2305 120
: 5 7 kP
KRS AR 0.4ml 2880 2305 575
0.6 ml 3149 2305 844

This patient was examined again in June 1963, and the
history revealed that gonorrhea was contracted at the
age of 24 years. He recalled prostatic surgery in March
1950. Positive genitourinary findings on physical exami-
nation were a prostate gland two-times normal size with
nodularity in its right and left lobes, a right inguinal
hernia and left orchidectomy. The urinary bladder was
palpable two finger-breadths above the symphysis pubis.
Clinical diagnosis was benign prostatic hypertrophy with
urinary retention. On roentgenography the contrast
material in the soft tissues on the right side measured
2.5 » 6em on the anteroposterior, and 1em in thickness
on the lateral projection.

To determine whether any of the midline density was
due to retained contrast media, a scintiscanner with a
L.5-inch diameter crystal was used with lead shielding
over the right inguinal density. No activity was evident
in the region of the midline density, which was therefore
attributed to prostatic calcification. On removal of the
inguinal shielding, an activity pattern of retained material
was evident by counting procedure on the right side but
was not established on the scintigram. There having
been no subsequent injections, thorotrast in the region of
the prostate and seminal vesicles at seminal vesiculography
may have subsequently migrated proximally and extravasated.
Dose Estimates It is notoriously difficult to calculate
dose to the tissues in which thorium dioxide media has
been deposited, even when tissue specimens are available
for analysis. The distribution of the material, the distri-
bution and excretion of thorium daughters formed in the
body, the excretion of thorium as a function of time
following injection, the self absorption of particle energy

¥ 3
15,2826 s well as the

within the deposits of thorium,
elapse of time from death to the removal of specimens from

the cadaver,w all are important factors in these calculations.

Since biopsy specimens were not obtainable in this
series of cases, one of the authors (H.Y.) estimated the
dose in two cases, based on scintillation counting and
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densitometry techniques. On roentgenography, one of
these (Case 11) exhibited retained contrast material in a
distribution typical for the group; the other (Case 12)
appeared to have a relatively large amount of material in
the right inguinal region. Using the methods described
in the appendix, the dose in Case 11 was 1.7 % 10° rem to
each inguinal region. In Case 12, the right inguinal region

was calculated to have received 1.0 x 10% rem.

DISCUSSION

On roentgenographic examination, 20 of the 23 patients
examined in this follow-up study had evidence of thorotrast
or umbrathor in or near the structures of the genital
tract at one or more locations, in most cases at the sites of
injection. In nearly all cases, the injection of 0.5-2.0 cc
of the material into each vas deferens was documented.
In each case most of this quantity was subsequently
excreted, and the amounts of residual material present
after 12-14 years appeared to be small.

Latent periods of 10-35 years have been reported in
In this
study, no instances of neoplasm were attributable to the
Nodularity at the
sites of injection was presumably due to fibrosis and

most cases of thorium dioxide-induced tumors.
use of media containing thorium dioxide.

granulomatous reactions, similar to findings described in
other reports. Presumably these changes are the result
of the radioactive properties of the material, rather than
due merely to a foreign body reaction.'* It is problematical
whether this point could have been clarified, even if

biopsy material had been obtained in these cases.

Despite the fact that errors are inherent in calculating
dose from such retained radioactive material, estimates
were made for one patient who exhibited a roentgeno-
graphic pattern of contrast material typical for the group,
and for another in whom a considerably greater quantity of

material was apparent in the region of an injection site,

By using a scintillation counter, the activity detected in
one of the patients with a typical amount of retained
material on roentgenography, approximated 0.8 ce thorotrast.
On this basis, it is estimated that no more than this
amount is likely to be present in each inguinal region of
the patients in this series.

Subcutaneous administration of thorotrast in laboratory
animals has induced neoplasia, and neoplasms have
resulted following extravasation and retention of such
material from clinical use. It has been suggested that
small amounts of thorium dioxide in tissue may require
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longer latent periods for the development of neoplasms. 2
Since patients often may not live through the latent period
required for the development of neoplasms secondary to the
administration of media containing thorium dioxide, some
of the neoplasms which develop may escape detection.
Therefore, future periodic examinations of the individuals
in this study should be made.
these patients and the preliminary data may facilitate
their future examination.

The recent contacting of

SUMMARY

A brief review of the English and Japanese literature as to
the past use of thorium dioxide-containing media is
presented.  Physical and laboratory findings including
roentgenography in a follow-up study of 23 cases who
received such contrast material for seminal vesiculography
12-14 years previously are also presented. Dose estimates
were calculated for one patient typical of the entire group,
and for another with a relatively larger residuum. Small
amounts of retained contrast material were evident in all
cases, hut no case of neoplasia attributable to the presence

of the media was detected.
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12~ 1ARER0 0 XSRS RS P M A 0B b 7 © (b b
U A EEAT 2iEMA OG5 20230 & f i
OT, TOBELLUPIIEEBRERR (XHEREL S
) i/, 2HRELNETIRE 1L L bR
MEROFEAAFZH SN IO LTS TSR E %
T, EHCEOTLROBBEIRBH LN, 20
HRIOWEITERYT 2 EEbNAERI1ITLES S
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APPENDIX

1

Dose Estimates - Densitometry Method An unopened
quantity of the original thorotrast employed for seminal
vesiculography in these patients (Thorotrast, Heyden
Chemical Corporation, New York: 12ce vials, lot #172-1)
was used to estimate the quantity retained and dose
received in two patients.

To correlate optical density and therium dioxide content
and to establish the minimum density of contrast material
detectable by roentgenography, serial dilutions were made
from 2 cc thorotrast to 50%, 25%, 12.5%, 6.2%, 3.1%
and 1.5% concentrations, in small plastic cups. These
were placed in a plastic tray permitting immersion into
water phantoms for roentgenography.

Using phantoms 5, 10, and 20 cm thick, roentgenography
was performed at 100 kv, 100 ma, 1/10second, with 2.5 mm
added aluminum filtration - the average factors employed
in the follow-up examination of these patients - with the
long axis of the tray at right angles to the X-ray tube
The 6.2 % dilution of
the thorotrast was detectable using the 20 cm water phantom.

axis to minimize the anode effect.
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BUEBEANEICLDHE HROED X SIS
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#t. Thorotrast, 12cc M U'A, HTWES 172-1) 0%
MEHmEHERALT, 2E808FE0EBHMOBLRL @
VR R HEOE L 2.
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Optical density (OD) of the contrast material on X-ray
film was determined using a Macheth-Ansco Color
Densitometer, Model 12, and values plotted against
concentration, as shown in Figure 3. These values were
used to estimate the quantity of retained material evident
on roentgenograms of the patients.

Some inaccuracy is inherent in the procedure due to
dispersion of retained material in soft tissue, the
variation in soft tissue thickness, and radiographic
techniques. However, dose calculations were made for
Case 11 who had a roentgenographic distribution of
retained material typical for the group in the follow-up
study, and Case 12 who had a relatively large amount of

material in the right inguinal region.

* 100

X@RERIIH T2 EHAOB{RE (0D) 12,
Macbeth — Ansco @2 IEFH 120 A Fl O THlllE L /-, B
TR FAE & thorotrast A L D MEH 3 IR LA, 2 h
b EEIL, MBREDXMERIZEN 6B R EBA
OREHEETALADCHL AL,

ERAARE OO AL, ko g
SH—HTRL, TAXBBMBIEENS 20T, &
BAECEEFOLNEMES S 2. Lo L, #8586
DXBIYFHAHBRELR LT Z2MEN L L CERIEY
CHEMEZROBEHOERFRS N ABELRIOL
THrB AW & 174 5 /.

FIGURE 3 PERCENT CONTRAST-THOROTRAST SAMPLE
CONCENTRATION CURVE
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Concentration of Thorotrast Sample

Thorotrast B 4 o i AE:

(a) Per cm? of cup and (b) Thorotrast concentration in dilution (%)

(a) T4 7 1em? Bih

Concentration of the thorium dioxide (TD) standard was
determined as follows:

Volume of solution (V): 2.0cc

B EM (V)

(b) Thorotrast HfRIE (%)

Cross section area of cup (s): 3.5cm®

2y 770 fE T EFl(s)

Thorium dioxide concentration of 100 % thorotrast solution (c):

B b L BHOBELI RO LBV EL -

250 mg/cc

100%thorotrast {EHE ™ ZEE (L b Y & L&A (c)
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Quantity of thorium dioxide in the

100 % thorotrast solution, per cmz(d)

100% ba b 72 MEHED I S0 "BIEFT Y 20 R(d)

cV

250 x 2.0

3.5

d = 143mg TD/em?, of cup

TEE MY YL g em?

Percent contrast of sample cup was calculated from the
values in Figure 3 as follows:

Percent contrast of D in base Dy [P.C. ] =
KOBUMED o 12444 2D OE SR HEE

b VR
R3EZACT, > 7nva .y 7OESEGIEE % K
DELHEEL L.

Do — D

100 (%
Dy (%)

i Thorotrast Sample Water Contrast of Thorium Dioxide mg/cm?
Concentration 0D 0D Sample  Cup =~ & {k 1) Amg,” ot
E-i Thorotrast £ & ¢ OD sk & OD B A 0 2t B e 3., 7
100 % 0.68 1.03 34.0% 143
75 0.77 1.03 25,2 107
50 0.83 1.03 19.4 71.5
25 0.91 1.03 11.6 35.7
12.5 0,97 1.03 5.8 17.9
Using the formula, Ko¥NEHNT,

0D Patient’s left side—OD Patient’s right side

BEo ko 0D

Ao 48 o 0D

= % contrast

0D of left side

M@ OD

percent contrast for the densities in these two patients
was calculated as follows:

(2.07 — 1.66)
2.07

Case 11
mE

x 100 20%

Quantity of thorium dioxide per square centimeter for
each patient was estimated from the percent curve
(Figure 3) as follows:

Case 11 80.0 mg/cm®

BE

Using millimeter-square-ruled paper, the area of each
deposit of contrast material was calculated for each
patient, 0.16 em” and 2.88cm” respectively.

B

SHOBFIHTABEBROEEABELHE L TR

il % 1% 7=

(1.37 — 1.09)
Case 12 @ —— — x 100 = 20.5%
BE 1.37

EREOLIEFL > F YLD ) v LI,
oM (Bs3) 2Lkl sBES NS,

Case 12 82.0mg/cm®
BE

HIRAE (om? FEE D) & LT, &hE0mEHO
A EA A RE L2 2N FN0.16em?, 2.88cm?
Th - bl

2,
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Total quantity of thorium dioxide was calculated as the ZEE MY L BRI, TOBELEHMEOMTR

product of area and density: LA
Case 11 80.0 x 0.16 = 12.8mg TD Case 12 82.0 x 2.88 = 236mg TD
ey BE
For Case 12, a thickness of 1cm was determined by BELRTIE, B 1/l #EEIL S, TERON
measurement on lateral projection. The thickness of the o, BEINOBHAEEAOE S, 0.5mThHha EHE
retained media in Case 11 was estimated to be 0.5 cm. s
The volumes obtained were as follows: WELLABEBMIROEBND THS ;
Case 11 0.08cm? Case 12 2.6cm’
B BE
From the effective absorptive energy for the tissue of Y w Lk LU 70T 0T, BEBITHT 2
29 : : 3 ,
reference,”” for t.hormm and its daughters, the dose was EHMEI ALY -2 HLBEARORITL - THE
calculated according to the following formula: X

(disintegrations/sec/ ju ¢) (effective energy) ( p c thorium per organ) (time in sec) (erg/MEV)
Rirem) = (B%Z/8/pc) (Fahx 40 % =) (BEY 20O L pe) (BEROEM) 100

Estimated weight of tissue containing thorium dioxide media in grams
ZEEE Ry AERAIE T oMol E R RE(g)

For each of these cases, dose was calculated as follows: BRE2Z1ZIo0T, kot hVBERFHHESNL

3.7 210t : ; 8 } -8
Case 1] R — x 41 x 0.0014 x 4.2 x 10° x 1.6 x 10 - 1.7 x 10° rem

BE 0.08

3.7 x 10* x 41 x 0.026 x 4.18 x 10° x 1.6 x 1078
Case 12 R = =1.0 x 105 rem
BE 2.6

Dose Estimates - Scintillation Counting Method To YYFL—Tav - hUVE-IDLSME BHEIL2IO

verify the results obtained in Case 12, activity was WTHARREMRTA LN, 184y FX1 47
measured over the right inguinal region using a scintillation Nal 7Y 2% nEHCAY Y FL—v s> A 05—
counter (Atomic, Model 1016A) with a 1% inch by 1 inch (Atomic. 1016AEY) ¢ GHIEE | » o fk & 55 % %

Nal crystal (photomultiplier voltage: 900 volts; discrimi-

i
nator control: 10; crystal-skin distance: 5cm). The - DRI hEE S o5 i
phantom with the known quantity of standard thorotrast ¥ ha-—nof@310; FERDS 7 ) Foigr w3 T
was measured under the same conditions. The values BRBEL SemTH o 72) . BEMIOT DIRMEEHAL 227 5

obtained were: YhP—LEFRACTHMEL, XOBEMEI GLL.

7% » 72 { photomultiplier @ EIL 9004 v b 4

17



Phantom + 0.4cc thorotrast solution
7 77 b — A+ Thorotrast i%Ei50.4cc

Phantom only 77> F — ¢ &

Net counts for thorotrast solution

Thorotrast EHIZ A+ 3£ LG &MA Y Y Moo,

Case B#& 12

Right inguinal # A B4 oo

Left inguinal as control (background)
Kt BE (23, 77/I~)& LTU)EM #[5

The quantity of thorium dioxide retained in the patient
was caleulated as follows:

568 (cpm)

0.4 (ce
268 (cpm)

Yo

Using the same formula:

12396 counts/5 min
Ay Pa
11054 275 RS 5m

1342 z
(%68 counts/1 min)
13592 counts/5 min

10752 P
2840 %
(568 counts/1 min)

ﬁ%:&kbU¢Aﬁmmm&bﬂﬁﬁLt:

= 0.85 (cc) = 213mg TD = 0.023 p1 ¢ Thorium

L I

KOBKREMOTZOBBROFHHST 4 bR,

E
(dlsmtegratlons/sec/p c)(effectwe energy) (uc thorium per organ) (time in sec) m‘_g/M__L

(2% H. pe) (FRh 70 3 —

) (PN AR L pe) (FRE AL AR )

100

R (rem) =

Estimated weight of tissue containing thorium dioxide media in grams
TR MUY A ERAE 6 oMo HE T T R ( g

3.7 x 10" x 41 x 0.023 x 4.18 x 10° x 1.6 x 10

=9 x 10" rem

R (rem) = -

The dosimetry calculations were made as a substitute for
chemical analysis, since no biopsy material was available.
The method necessarily incorporated some approximations,
such as, phantom thickness and the shape and volume of
retained material. In the densitometric method an
estimate was made of milligrams (microcuries) of thorium
dioxide; whereas in the scintillation method, radioactivity
was used for estimating dose.
that, due to the effects of metabolism, the daughters and

It has heen pointed out

the parent material achieve equilibrium only after removal
from the body.*”  This lack of equilibrium was not
considered in calculating dose by the scintillation method.
Even so, the results obtained by the two methods were
approximately the same.

Approved 7&i2 14 October 1964
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T,ﬁMM&WH@ﬁ%#%vt.m?lﬂw 2l b 3
TEfEbIY LG DENFFh (T4 70%2—1 )220
THELITL 7. —F, PrFL—2 g vk, K

e O CHMBHEESITL o 2. Rt PRz L, T,
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