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Ikperience a t  the  University of CalFPornia with the 
Treatment of Patients with Hyperthyroidism by Xu1 

Earl A. Miller, Y.D. 

with the assistance of: 
A. V. Holmes, M.D., Y. E. Dailey, Y.D., 

G.  L. Alexander, Y.D., and G.  E. Sheline, M.D. 

and with the  technical assistance of: 
Marian Feigenbaum, Enid Yo-, and Louise Prestidge 

University Bospital and School of Medicine 
University of California, Berkeley, California 

(September, 1945 t o  November 1, 1949) 

October, 1950 

This paper deals  with the  treatment with Xu1 of pat ients  who have hyper- 

thyroidism. It is written for the  purpose of pesent ing  our concepta with re -  

gard t o  the place cf 1131 in the  treatment of hyprthyroidism, the  methods em- 

ployed in t rea t ing  such patients,  and the results on pat ients  t h a t  we have so 

treated.  The subjects nil1 be t reated under the following headings: 

1. Introduction: A History of Clinical  Use of Radioiodine 

a t  the University of C a l f l o r n l a .  

2. Discussion of dose and how it is measured. 

3. Description of the group of' pat ients  on whom we worked 

with t h i s  agent. 

4. Methods of carrying out the treatments. 

5 .  Presentation and discussion of resu l t s .  

6.  The place of Iul among the various methods available for 

the  treatment of hyperthyroidism. 

3 0 0 1 b 0 3  
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ExFerience at the University of California with the 
Treatment of Pat ients  with Hyperthyroidism by I1jl 

Earl B. Hiller, Y.D. 

with the assistance of: 
A. P. Holmes, Y.D., Y. E. Dailey, Y.D., 

G .  L. Alexander, Y.D., and G. E. Sheline, Y.D. 

Marian Feigentaum, Enid Moor, and Louise FTestidge 

University Hospital and School of Medicine 
University of California, Berkeley, California 

(September, 1945 t o  November 1, 1949) 

and with the technical aasistance of: 

October, 1950 

P 
1. INTRODUCTIW: A Histmy of the  Davelopent of the Clin ica l  Use of Radioio- 

2. 
dine a t  the University of California. B.: 

i 
% E  

5 E - 1  

In te res t  in the  c l in i ca l  use of radioiodine fo r  therapy of hyprthyroidiem ? 
a t  the  University of California began in 1938 with the  studies of Dr. Joseph G .  

Haailton and t h r  l a t e  Dr. y.90 B. Soley. The studies with radioiodine were j: interrupted by the w a r  and l a t e r  resumed in the  Radiology Division of the yedical ; 

School by the  author. 

studies of pat ients  in 1945. 

- 2  2 z  

r &  

Dr. Soley s ta r ted  h i s  collaborution with the  author in 

iti 
e a  
-4 It becane apparent t ha t  the  accurate measurement of the radiat ion Srom Ef radioiodine consti tuted l MjOr poblem. A st* of various fac tors  which d- 
$ 2  

- c  
2 :  

3 q 

f ec t  them measurements 'was undertaben. 

measurements of tds radiat ion from radioiodine depended upon i t a  gamma-radiation. 2 
Since the thyroid is of unkncmn rise and depth, t he  measurements have t o  be 

carried out at re la t ive ly  long distances and with considerable f i l t r a t i o n  V 

they are t o  have meaning. In i t i a l ly ,  in 1945, a distance of 53 cm and f i l t r a -  

t ion  with lead 4 gm/cm2 were adopted. 

thigh 88 a means of estimating tho non-thyroid neck radiat ion was in i t i a t ed  at 

It was real ized tha t  far c l in i ca l  work r: 
8 -  

!i 
f 

2 
The measurement of the  radiat ion from the  ' 

3 0 I? -1 b ti 4 
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, t  is  t b e .  During the first fen months of the work, we undertook studies  of the I 
&fact of the s ize  of the source, the  distance a t  which it is measured, and the 

e%ount of f i l t r a t i o n  wer the counter on the measurement of the  gamma-rays frOm 

dhdium and 1131. 

-0 p-windon,  lead-shielded, horiEonta1 Geiger counters were used f o r  m u n g  ma- 

Z p e m e n t s  and the measurements were standardimd against uranium. 

Eecame available, an x-ray holder was used f o r  the ver t ic le  mounting of the 

SFiger counter and the present technique of measurement evolved. 

' Q measuring pat ients  have remained nearly constant since ear ly  in 1946. 

d&ques f o r  routine handling of radioiodine safely by remote control burettes 

,-$ere in use ear ly i n  1946. 

1 t h a t  time the same radium standard has been used throughout t h e  e n t i r e  work. 
L " B  
L &.me 1946 the use of glass  b o t t l e s  containing 35 cc of the radioiodine solution 
8 %  

b v e  acted as the  source of radiation with which t h e  radiation from the  thyroid 

23s compared. 

.jE 

g x  
:i 

Originally when pat ients  were accepted far study and treatment, . 

8 -  
I f  
>ij 

I :  
C P  

When S p C e  

The techniques 

Tech- 

Y'! 
The uranium standard was abandoned in 1945 and since 

1; 
z 
4 
6 
@d with the lack of assurance t h a t  the  a p p l y  of Iul would have a condtant 

pa l ibra t ion ,  a University of CalVornia u n i t  of radioiodine was developed. 

Later, the Oak Ridge unit  was adopted. The d e t a i l s  about t h i s  w i l l  be described 

=der the  discussion of dose. 

Uith t h e  d i f f icu l ty  of knowing precisely what a mill icur ie  of iodine t a r  

r a 

In the  early work very small doses, approxbately 250 microcuries a t  weekly 

intervals ,  were used for t h e  treatment of thyrotoxicosis. These doses were urad 

because of inruff ic ient  knorrlsdg4 of the mire of the d o n  rrquired t o  oontrol 

t h e  disease and be safe, and the  rad io iodbe  supply was limited. 

M t h n  and confidence grew, t h e  dosee were increased considerably in size. 

first it was hoped t h a t  the  dose might be more di rec t ly  re la ted t o  the  severity 

af hyprthyroidism than it was t o  the s L e  of the thyroid gland. 

A s  our Mor- 

At 

If t rue  t h i s  

3 0 0 -i b 0 5 
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would have p e r m i t h i  ua t o  m o l d  the d i f f i c u l t y  of astlrarting the she of t he  

thproid. 

of the value of considering the m o i a  siw ip the  calculation of the  dose. 

Since the middle of 1947, attempts h a w  been w e  t o  d c u l a t e  the doses in 

radiation units, trklng account 'of thyroid sl ib .  

D r .  Robley Evans of Massachusetts I n s t i t u t e  of Technology convinced me 

I 

In  the early part of this work Dr. Hayo Soley and other members of the 

University of C d u o r n i a  Thyroid Clinic handled the  -cl$nical phase of the work. 

t -  . 

b 

8' 

e 

D r .  Soley later left thm University of California and Dr. Morris Dailey assumed 

the direct ion of the Thyroid Clinic.  A l l  the radiat ion aspects were handled i n  

the Division of Radiology. With the establishment of t he  Atomic Energy Commis- 

sion contract with t h e  Division of Radiology, assistance became available. Dr. 

Fred Kreutser, D r .  Nadine Foreman, Dr. Alden V. Robes, Dr. George L. Alexander, 

8, 

I r  H 
* 5  
X C  Yrs. Marian Felgenbaum and Miss Enid Moor have worked 011 the  project. a -  

;- 1 
i '1 

! j 
i 

In 1946 studies on animals were carr ied out with par t icular  reference t o  

destructive e f fec t  of radioiodine on the thyroid and Its surrounding s t ructmes,  

the l i v e r  and the kidneys. 

radioiodine with re la t ive  safety in the  treatment of pat ients  with thyrotoxicosis. a 3 

- 
These studies led us t o  believe that we could use 

' S  D r .  Edith Quimbp, of the  Columbia University Bchool of Medicine in Hen Pork, $ -3 

fa 

and others have emphasized the irrportance of the effect ive ha l f - l i fe  i n  determin: 1 5  
ing the  dosage of radiat ion administered t o  the  thyroid from radioiodine. 5$ 

have leaned heavily on her work and t h a t  of Leo Harinel l i  i n  the  calculations of g k  
P C  

We 

radiat ion dosages t o  t h e  thyroid. 

Early studies  of the  blood of pat ients  rho had rewlved Iu1 were carr ied 

out under the direction of Dr. B. V. A. Lor-Beer along with his other studies of 

radiation effects .  

Paul Aggeler. A succession of extremely high-caliber technicians has kept t h i s  

blood pogram an a very high plane. 

i 
Direction of t h t s  part  of the work is nom shared with Dr. 

Dr. Hayo Soley, Dr. Horace McCorHe, Dr. Kenneth G. Scott, PhD., and the 
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8 
asthor have worked together in 
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studying the  problem of postoperative thyroid 

r generation in animals and its re la t ion  t o  thyroid function as measured by IU1 .p 
'G &&e. b 

This nark has been supported generously by t h e  Atomic Energy COmmiSSiOn. 
d e  
f e t h o u t  t h i s  support the projects would not have been carried out. 

9 E 
.;& California School of Medicbe and Hospital, has aided immeasurably In his 

aqpnstructive and helpful cr i t ic isms and in making the  time available t o  the  
i5: 
z&thor f o r  carrying out the work reported. 

g t .  

3: ' h o n  actual ly  delivered t o  the thyroid from Xu1, and t h a t  it be familiar t o  

{ !hose carrying out other types of c l i n i c a l  radiat ion therapy. 
E X  
5 emits both beta- and gamma-rays, the local ef fec t  from the  gamma-rays i8 re la -  

i f i v e l y  small and w i l l  not be considered here. 

Dr .  Robert E. Stone, Chairman of the Division of Radiology a t  t h e  University 
b 

g s  

i-i 
CALCULATION OF THE BETA-RAY DOSE DELIVERED TO THE TBpRoID FROM Iu1. 

; e  

r z t ,  

It is desirable t h a t  there be a uni t  which w i l l  e x p e ~ s  t h e  dose of radia- - 

Although Iul 

3 2  
In work w i t h  beta-radiation it 

B 
bas - become conventional t o  speak of doses in tormi of the beta-roentgen squiva- 
% 
gent. An amount of a radioisotope t h a t  emits beta-particles w i l l  deliver t o  a 

L pam of air i n  which it is present a beta-roentgen equivalent when it del ivers  

t o  it the  same mount of energy as  ill a roentgen of x-ray. 

equivalent del ivers  essent ia l ly  the ume @mount of energy t o  a gram of tis8Ue as 

it does t o  a gram of air. 

r 

A beta-roentgen 

1 r produces 1.62 x 1012 ion pairs per gram of air. 

1 wc of a radioisotope is  that amount whose atcos are disintegrat ing at the 

r a t e  of 37000/sec. 

Each beta-particle from Iul can be canaidered t o  have 205,000 electron 

vo l ts  of energy on the average. It requires 32 eloctron vol t s  ( t h i s  v d u e  is 

.. - 

variously quoted from 32 t o  32.5) t o  produce an ion pair. 



Therefore, sa& beta+par&iclst.f2'oo Iul whoa. completely absorbed w i l l  pro- 

duce on the  averaga 3%y io0 pairs; Thw the  absorption of t h e  beta-particles 

from 1 pc of 1131 w i l l  produce in 1 sec~nd-~~ beta-roent- equiva- 

lent/sec. 

._ ' 

dlfferrnt  number of microcuries of Iul ( ~ 1 )  acting for a differant  

number of seconds ( t i )  in a different number of grama (p) of t i s sue  rill give 
1 

~ 

t o  t h a t  t i s sue  (tl) x 37000 205000 beta-roentgens equivalent (B.r .e. ) 
(PI 1.62 x 1012 x 32 

during time in te rva l  tl. 

This reduces to: 

x O.OOOl.42 when ti is in seconds pc l  x seconds 
gnr 

B.r.8. = 

F 

- hours x 0.5267 when ti is in hours 
gm 

= x wn x 12.6417 when tl is in days a -  
@ 

f -  

ii This is s t r i c t l y  va l id  only if the  number of disintegrations per uui t  time 

i i  if 
does not change during the  in te rna l  wed. 

t h e  intervals  me ahort as compared w i t h  the half-liPe. 

of approximation is demonstrated i n  t h e  calculations given below and is applica- 19 

It can be used prac t ica l ly  when the 

The w e  of t h i r  t p  

ble t o  par ts  A and B of Fig. la and parts 1 through 6 of Fig. lb. The value of :I - -  
p e l  is taken bs the  numerical average of number of microc\ri.ies present far the  f $  
in te rva l  undrr consideration. t # 

I P  
Doswe Calculation: Height of thyroid assumed t o  be 30 grnms for purposes of ig 

P 
C a l C U h t i W .  'p 

For F i g .  la: 

PART A. Average I A C ~  = 2- 35 70 Time - 16 hours. 

35 x 16 x 0.5267 
30 9.83 B.r.6. 

PAFLT E. Average p q  = 70 + - 76-70 = 70 + 3 I 73 Time * 6 hours. . 2  

3 0 0 -1 b 0 8 
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32.5 x 12.5 I 0.5267 I 7.42 

- 11.06 70 x 9 x 0.5267 

- 12.82 

30 

30 

72 x 10 x 0.5267 
30 

- 19.31 55 x 20 x 0.5267 
30 

33 x 22 x 0.5267 
30 

- 12.75 

* 9.29 23 x 23 x 0.5267 
30 

Total 72.65 B.r.8. 3: 
2.k 
E ?hen plotted on semi-logarithmic paper, the dosage calculation I s  modlfled. 
e 2  

.In those cases where the descardingportlon of the uptake curve l a  s t ra ight  
& -  The 

.- s b a s i c  .formula then becomes: 
18 I pc1 x EBL 

. P (thyroid) 
Beta-roentgen equivalent - 

E 
ahe re  kc l  is the number of microcuries present a t  the start of the time for 
t 
,@hich the calculation is made. 

&om the curve of X l 3 l  uptake in the thyroid and I s  the time in te rva l  between 

two points, on the s t ra ight  part of the curve, BO choien tha t  the  amount of Iul 

in the tkyroid at one point i a  twice the amorrat at the other. 

Fig. la. 

Application of t h i s  tgpe of calculation to: 

Par t  C Fig. l a  

EHL is the effect ive ha l f - l i fe  as determined 

See Par t  C of 

l8 76 ' 3'87 - 190.9 where EHL - 3.67 days 
30 B.r.8. - 

P a r t  7 Fig. l b  

2o '0° - 48.0 where EHL - 4.0 days 30 
B.r.e. = 

I 

- '  

. - 

Addition of the doses determined far the several parts of each curve gives 

3 0 0 1 b 0 9  
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1 -  

the  t o t a l  dose. 

For Fig. la the t o t a l  dose is: 

PWs P + B + C - 9.83 + 7.69 + 190.9 - 208.4 B.r.e. 

For Fig. lb:  

Par ts  1 through 6 + Part  7 - 72.65 + 48.0 - 120.65 B.r.e. 

It should be noted for the  two pat ients  whose uptakes a re  i l l u s t r a t e d  in 

Fig. 1 t h a t  although the oral doses, the  thyroid sizes,  the maxbnum uptakes and 

the time a t  which the maxima occurred are the  same, one pat ien t ' s  thyroid receive$ 

much more radiat ion than the  other. 8, 
9' 
a 

B 
There a re  several  l imit ing asamptione inherent in the  above method of 

91 calculation. Important among thsse are the  assumptions that: 1. t h e  Iul is 

uniformly dist r ibuted in the  thyroid; 2 .  nme of the  beta-particles escapes ;$ - =. 
from the periphery of the  gland; and 3. t h e  weight of the thyroid is known. -. 

It 

P S  

t- i The procedure of determining the KEL is  one t h a t  takes several  days. 

would be advantageous if it were aot  necessary t o  determiw it for each patient 

and st i l l  be able  t o  estimate the dose. l i t h  t h i s  in vier, we studied the dis-  

t r ibu t ion  of t h e  EHL i n  t h e  data from pat ients  with Graves' disease who were 

tes ted with IU1 t o  see Ff the  average EBL might be used. 

results of tha t  study and shows t h a t  there  Is wide spread i n  t h e  KEL i n  dlffer- 

ent patients.  

EtlL. Because of the r i d e  s p a d  of the  data, we have f e l t  t h a t  it is important 

t o  determine t h e  ML for each pat ient  ra ther  than t o  accept some average value. 

i i  
%r 
3 
ii- 
I$ 
P o  

s l  

i g  
- 4  

8 

Pig. 2 gives the 

The dose of radiation t o  the  thyroid le dependent d i rec t ly  on the  

In 1946 a plathum needle containing 600 micrograms of Ea was adopted as I! 

I 
the  gamma-ray standard in the radioiodine laboratory at the  University of C a l i -  s 
fornia Medical School. 

and as e means of checking the constancy of our measuring apparatus. 

spring of 1946, t h e  microcuries of Iul as determined by the  Oak Ridge standard- . 

isat ion of a par t icular  shipment was accepted as our unit. 

It was used throughout our work as a source of radiat ion 

In  the 

It remained constant 

3 0 0 1 b  IO 
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t f u g h o u t  the work which followed. On January 1, 1950 the new Oak Ridge defini-  

't on of the  microcurie was accepted. 

( e e c t e d  t o  t h i s  new standard. They are reported i n  t h i s  paper 

b w  microcurie. 
8 €  
6 . B  'E c 
4% 
%@' HXPERTHPROIDISH. 
c= 'e r 

A l l  the  data re la t ing  t o  Iu1 dosage was 

terms of the  

DESCRIPTION OF THE GROUP OF PATIDITS TO WHOM Iul WAS GIVEN FOR THE TREATMENT 
3 s  

This report  presents the  data on the  first 100 consecutive pat ients  t o  whom 

was given f o r  the treatment of hyperthyroidism. 

The diagnosis of hyperthyroidism was nude by the  evaluation of the c l i n i c a l  
e .  "' 
{ h a t u s  and the labmatory findings of the  patients.  

dean of the patient, par t icular  a t tent ion was paid t o  any recent change in appe- 

r1 
During the  c l i n i c n l  eramina- 

i t  

t e  and weight of the patient,  t o  the basal pulse, t h p o i d  size and character, 

gfhyroid bruit ,  character of the skin, tremor, change I n  bowel habi ts  and mea- 
E X  
'5 #rual cycle, pulse pressure, his tory of previous thyroid surgery or radiation, 

Z a i s t o r y  - of taking anti-thyroid drugs, nemouaness, i r r i t a b i l i t y ,  sneating, heat 

.@tolerance, palpitation, evidence of local pressure by the  thyroid and the eye 
% 
.gigns associated with hyperthyroidism. Laboratory s tudies  included t h e  deter-  

l i n a t i o n s  of t h e  basal metabolic rate; serum protein-bound iodine, and choles- 

te ro l .  

- 0 -  

i: 
a - 

Most of the pat ients  came i n i t i a l l y  from the  Thyroid Committee of the Uni- 

vers i ty  of California Medical School, San fiancisco. 

t o  the  Committee f o r  c l i n i c a l  study. 

Many of the  r e s t  were sent 

Pat ients  were accepted f o r  treatment when the  author was s a t i s f i e d  with the 

diagnosis of hyperthryoidism by h i s  arn evaluation. 

nodular thyroids were not accepted for treatment. 

In general, pat ients  with 

D r .  Morris E. Doiley and D r .  Alden V. Holmes devoted much t h e  and effort 

re-evaluating the charts of these pat ients  in an attempt t o  be as cer tain as 

t 
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possible of theYr c l in i ca l  s ta tus .  

accepted for treatment again if they were present with the same evidence of 

Hith f e r  exemptions the  pat ients  would be 

hyperthyroidism. 

4. METHODS OF CARRYING OUT THE TREAT- OF PATIESOTS WITH BTPERTHXROTDTST BY 

IU1. 

The p t i e n t s  t o  be t reated are evaluated as described in Section 3. A s  the  

first s tep in treatment a t e s t  dose of 1131, usually 100 pc, is administered to 

the  fast ing patient.  Uptake data are then collected a t  1, 3, 6, 24, 46, 72, % 

120 hours and the Iul uptake curve dram. 

estimated. 

amount of I1jl necessary t o  del iver  6000 beta-roentgen equivalents t o  the thy- 

ii 
; 

The weight of the  thyroid gland is 3' 

From the  thyroid weight and the  uptake curve for the  t e s t  dose, the 1 
g f  
C P  

roid is calculated (see Section 2 on dose calculation).  This amount is given a s  P P  - 
an oral therapy dose and i ts  uptbke by the thyroid gland determined. 

uptake curve for the therapy dose may vary somewhat from the  one obtained for 

the  t e s t  dose, the  amount of radiat ion t o  the thyroid gland is then recalculated. h 
It id considered tha t  the recalculated value more acc&ately r e f l e c t s  the amount %E 
of radiation t o  the  thyroid from the  therapeutic dose of Iu1. Thereafter, when 

possible, the pat ient  is examined a t  weekly Intervals.  Basal metabolic r a t e  and 

Since the  3 

is f 
B 2  s q 
g c  Et serum protein-bound iodine teats are  done occasioqally during t h i s  in i t ia l  

follow-up period. Six weeks fo l lming  the  ini t ia l  treatment dose, the pat ient  i! 
is re-examined and an uptake curve of a test dose of Iul is obtained. On the  I $1 

t 

P 'j basis of the findings a t  t h i s  time, the  pat ient  may im retreated.  The estima- 

t ion  of the number of beta-roentgen equivalents t o  be delivered t o  the thyroid 

by such a retreatment dose of Iul is based on the  c l in i ca l  response the  patient 

obtained from the former therapeutic dose and QII the present c l in i ca l  s t a t e  of 

the patient.  

mined. The follow-up v i s i t s  a re  continued. About 12 reeks after the initial 

I 
f 

f If retreated,  the  uptake curve on this therapy dose is a l s o  deter- 

3 0 0 - i b  I2 
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t a r a p y  dose, the uptake curve is again obtained and treatment given as indicated. 
i 

.#en the patient reaches a s t a t e  of c l in ich l  remission, follow-up v i s i t s  OTe 

&&cad at  longer intervals.  

$@sly from the time of t h e i r  f i rs t  treatment. 
B e  
$ &  

An attemFt is made t o  follow the pat ients  continu- 
a s  

RESULTS OF TREkTbWTS IN PATIENTS TO WHOM 11E CAVE Iul FQR HYPhRTBYROIDISM. 
3 -  
'sf 

5 ;  

2 :  

z g  

5 :  

'53 
 idi ism. 

*e data are  analysed as of November 1, 1949. 

?S t h e  time of beginning treatment of the f i rs t  100 consecutive patients, the 

$*ngth of t h e i r  illness, the  langth of time of follow-up, how long they remained 

8911, how many required thyroid medication for hypothyroidion, hor many had 

i t k i n l o a l l y  s ignif icant  exophthalmos md t h e  number and time relat ionships  of 

1 &egnancies. 

5 2 O f  these 100 patients, the r e s u l t s  f o r  90 rill be discussed at t h i s  t h e .  E 8,. 
nehe  following 10 cases a r e  not Included I n  the analysis for t h e  indicated rea- 

Since SeFtember 1945, 1u pat ients  received Iul for treatment of hypr thy-  

One hundred of these s ta r ted  treatment before the middle of J d y  1949. 

Fig. 3 gives a composite picture 

- 
=- 

81: 

P 
pons: 
t 
8 Bo. 6 Patient not heard from a f t e r  initial therapeutic dose of Iul. 

No. U Eecame pregnant a f t e r  second dose. Pat ient  -as aborted, did not 

f in i sh  treatment and was l o s t  t o  follow-up. 

No. 18 Was psychotic at time of treatment. Within 2 months becme unmanage- 

able and tu . &+ .L.;d$7&& '"PG. 
No. 26 Developed rheumatic pancarditis. Treatment changrd t o  propglthiour- 

a c i l  and patient l o s t  t o  follow-up. 

No. 47 Patient did not understand t h a t  he had been treated.  He thought he 

had been tes ted only. Was operated upon elsewhere. 

No. 51 Lost a f t e r  one month. . 

No. 73 Complicated by mixed theraFy and unable t o  evaluate. 

_ .  



Yo. 85 Pot able t o  evaluate resu l t .  Di f f icu l t  t o  k sure the patient had 

hyperthyroidiso at the  t h e  of treatment. 

No. % Left tam after one month. 

No. 100 Followed f o r  le08 than 3 month0 and not seen since. 

bong these 100 patients were U men and 87 momen. The age dist r ibut ion 

was as fo l la rs :  

AGE mRl mEEt AGE IWBER 

0-5 1 26-316 u 51-55 6 F 

P 
6-10 4 31-35 9 56-60 7 8, 
11-15 3 36-40 12 61-65 1 

16-20 8 4145 11 over 65 3 

21-25 a &-SO 12 

f 

X l  The age of one is usbran. a -  

! g  Forty-nine of thew .patients bad previously had one or more kinds of t r ea t -  

m n t  directed toward the i r  thyrold. 

Operation 12 

Lugol'r solut icn 

Propylthiouracil  11 

Thiouracil  7 

X-ray 3 

Thyroid by oouth 9 

29 % 3  

;El 

5 

although it i s  d i f f i c u l t  t o  separate t he  varioum &green of severi ty  of 'p F 

hyperthyroidism, D r .  Dailey, Dr- Bolmes, Dr. Alexander and the  author studied 1; 
laboratory findings made an e a t b a t e  of t h e  degree of severity. The follow& 

estimates resulted: 

the charts of a l l  the pat ients  t rea ted  and on the Basio of t he  c l i n i c a l  and 

i mild, 23; moderate, 48; severe, 25; and undecided, 4. 

The data on oral doses of Iul given t o  &ese pat ients  are given in Fig. 4. 

lo conclusions about t he  amount of radiat ion t o  t h e  thyroid can be drawn from 

3 0 0 l b  I b 
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t se data because the  dose of I1jl given by mouth does not necessarily parallel ,I t e radiation dose given t o  the thyroid. (See Section 2.) Because adequate 

&&take data for the  earlier patients are lacking, the radiation doses for those 

i$ t i en t s  cannot be calculated. For the  sake of u a i f o d t y  the oral doses Of 

ITe  reported. 

O f  the  100 'patients in whom therapy was star ted before July 1949, 89 have 
Q=' 

= 3  
.E s 

8 
$ h i s h e d  t h e i r  treatment and one is s t i l l  under treatment, Table 1 (Nov. 1949). 

?@e s t a tus  of each of the other 10 pat ients  is not certain. 
C A  E' 
g&nsidered "cured". 

O f  t he  69, a are  

Fig. 5 gives the data  on the length of i l l n e s s  of those 

t i e n t s  and t h e  intervals  between the first and last t h e r a p u t i c  doses are "k $ a  

3 &own i n  Fig. 6. 

3 1  & 
fr, v- 

3 
Throughout t h i s  work the  word "cured" is used as an abbreviation f o r  "in 

linical remission" or nclinically well". A patient was considered n c l i n i c d l y  
- v  E! 
hPel ln  when the  signs and symptoms of h i s  disease had d i s a p a r e d ,  t h e  t h F o i d  
5 . "  
? $id returned t o  normal size and h i s  labmatory findings had returned t o  within 
D g  

The decision about the time a t  which the  pat ients  were "curedn 
a -  

.D 
&orma1 limits. 
f 
bas in t h e  hands of D r .  Dailey. 
8 Table I r a Status  of pat ients  as of November 1949 e 
Pear The ran  lumber of Number Number Lost Number Number 
Started Pat ients  "Cured" To Follow-up Under Pat ients  

Evaluate 
Or S t i l l  Sick Treatment Bot Able To 

1945 4 4 0 0 

1946 26 20 6 0 4 

1947 35 32 3 0 2 

1948 18 16 2 0 2 

1949 17 12 4 1 2 

100 84 15 1 10 

-. 

a 
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O f  the 89 pat ients  fo r  whcm the r e su l t s  of therapy can be evaluated, f ive  

are under treatment far hypothyroidism. 

thyroidism, but not enough t o  need specif ic  medication f o r  it. 

are t h i n g  thyroid by mouth becawe of exophthalmos. 

Several more have some degree of hypo- 

Three patients 

The pat ients  usually received more than one dose of Iu1. It was intended 

tha t  the first dose would be of such sire t ha t  t he  p a t b u t  would be imprmed by 

it but not %red". 

necessary t o  f in i sh  treatment successfully could be estimated. 

the treatment of the  syndrome of hypr thyro id im in th is  w a y ,  it was our hope 

tha t  we could "cure" pat ients  without producing hypothyroidism. 

t h a t  we were not successful in all cases. 

This provided a gauge by which the  amount tha t  might be 

In approaching 

3 H' 
B It i s  obvious 

We are, however, s u f f i c i e n t 4  satis- 5 I q 
f i ed  with t h i s  method that. we intend t o  continue t o  u w  it. It is  shom in Fig. a 

Q 9  
P k  
11 7 t ha t  a large number of pat ients  did get %eUn on the  f i r s t  dose and tha t  more 

than half of them got w e l l  on two doses. 

can gain signif icant ly  in mcureaA by giving the  patient8 up t o  perhaps four 

doses. After that ,  if the  pat ient  i s  st i l l  suffering from hyperthyroidism, it 

if sp 
%I 

if 
1: 

From t h i s  chart it would seem t ha t  we 

would seem be t t e r  t o  use anotber approach t o  the  patient18 problem. u 
5 s  Figs. 8 through U present t he  data on t he  changes in estlmated thyroid 53 

might ,  basal metebolic rate and protein buund iodine determinations on the  

first 100 pat ients  t reated with Iul for hyperthyroidism. 

are included fo ahor t h e  spread .of the  data and t he  direct ion of the  changes. 

Each set of data shows t ha t  treatment of these pa t ien ts  with radioiodine tends 

t o  reduce abnormally high values for the  determinations and t ha t  the higher thd 

me comFosite curve8 

. .  f $  

J P  3 

f 
value, the longer it takes t o  bring it t o  normal. The pat ients  whose values z 

t s remained high ere those whose r e su l t s  were considered t o  be unsatisfactory.  

3 0 0 1 b  I b 
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6 THE PLACE OF 1131 AMONG THE VARIOUS METHODS NAILABLE FOR THE TREBTMFTJT OF 1 - 
' IBTHPROIDISY: 

r 
The cause of hyprthyroidisrn is not kllown, and therefore i t s  treatment is 81 

&fpirical. The present methods of treatment of the disease consist  of destruc- 

!&on of a part of the thyroid by surgery, radiation, or the interruFtion of 
E 5  
j t & p o i d  function by the  administration of anti-thyroid drugs. The first method 

.- 

P&ugs has i ts  dangers and d i f f i c u l t i e s  and has not proved t o  be uniformly succec.8- 
= P  
6' 
cf@ i n  producing las t ing  g o d  resul ts .  
3 .E 

the  most widely used method of def ini t ive therapy. The use of anti-thyroid 
e !  

le await with eagerness the appearance 

some drug or method which w i l l  a t tack the disease at i t a  source and make a l l  

l g e s e n t  approaches t o  t h i s  disease obsolete. 

;i 
ggurgery has been used longest. 

;pod control of the r a t e  and amount of thyroid destruction and i s  done routinely 
g e  

O f  the  various methods available far destroying a part of the  thyroid, q 
[ g  

The use of radiat ion therapy permits re la t ive ly  

0 - 
mn an ambulatory basis.  It spares the patient the  pin, fear and dangers, hon- 

h e r  small, of anesthesia, parathyroid removal, injury t o  ndrves and postopera- 
E 

q i v e  hemorrhage. 
;s 
E Externally administered radiat ion must penetrate the skin in order t o  reach 

%he thyroid, and does subject the normal r t ructures  around the thyroid t o  radia- 

t ion.  The major d i f f i -  

culty with t h i s  mode of treatment hac. been injury t o  the  Larynx and esophagus. 

Eonever, when the radiat ion i s  applied skillfully, t h i s  injury is negligible. 

The r e s u l t s  of the external radiat ion therapy of hyperthyroidism compre favor- 

ably with the  r e s u l t s  of any other method of treatment. 

&a .- 

H 

This may produce damage t o  the  akin and other organa. 

Radioiodine has the advantage of being taken up select ively in the c e l l s  of 

Presumably these the thyroid t h a t  are metabolizing iodine a t  the  greatest  ra te .  

c e l l s  a re  most concerned with the overproduction of the thyroid hormone. 

means t h a t  the radiat ion originates in these c e l l s  and has the opportunity t o  

This 

- .  
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destroy them with a minimal effect  on the  tissue tha t  is not concerned in iodine 

metabolism. 

Involved in the syndrome recognised as hyperthyroidism is the  basis  of the use 

of Iu1 for therapy of t h i s  condition. The dose of IIJ1 given t o  the thyroid 

depends upon the amount given by mouth and upon the a b i l i t y  of the  thyroid t o  

concentrate and t o  hold radioiodlne. 

This selective radiat ion of c e l l s  t ha t  are thought t o  be deeply 

The r e s t  of the body is subjected t o  some radiation. The kidneys, ,liv6r, 

salivary glands and stomach do receive recognisable amounts of radiation; 

ever, w i t h  the dosage l w e l s  used k the  treatment of hppsrthyroidim, both 

objective and subjective evidence of injury t o  these orgaus is not forthcoming. 

It  has been s ta ted tha t  radioiodine is  too slow in i ts  action. 

pat ients  r i t h  hyperthyroidism are markedly improved within a few weeks; 

of them, improvement has been so dramatic t ha t  the t h e  required for successful 

trehtment r i t h  radioiodine is approximately the  same as that which would have 

been required for the  preFaratioa of the80 pat ients  far surgery. It was sug- 

haw- 

Haever ,  many 

in some 

gested by Soley tha t  the  p t i e n t s  t reated by radiat ion were l ese  l i ke ly  t o  be 

the  victims of serious eye complications than those t reated by surgery. 

It seems tha t  the radiat ion methods should be able t o  succeed in hinging 

the  patient t o  the normal l eve l  of thyroid Sunction without danger of recurrence 

and without necessarily making the  pat ient  hypothyroid during the  convalescent 

interval .  

hyFothyroidism is expoted 'during the  convalescent period following an adequate 

subtotal  thyroidectomy, if the  surgery i 8  rad ica l  enough t o  pevent  recurrence. 

It is said by m e  surgeons of our thyroid group tha t  a degree of 

It seems timely t o  d iwuss  the  conditions under which my radioisotope is 

usable for the  therapy of disease. 

e18 must be capable of being t rea ted  succeisfully by radiation; 

must have a suf f ic ien t ly  long physical h a l f - W e  t o  be M e f d  pract ical ly;  

the physical ha l f - l i fe  must not bb so long as t o  make i ts  use dangerous; 

must be concentrated in the t i s sue  t o  be t reated;  

These &e as follows: (1) the disease proc- 

(2) the  isotope 

(3) 

(4) it 
( 5 )  it 
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i 
f q a t  not be concentrated in other tissues of the b@ in dnngerans quantit ies;  

$1 it must remain in the  t i s sues  t o  be treated long enough t o  insure effect ive . 
E 

gfadiation; ( 7 )  its radiation components &odd hare e i ther  alpha- or beta- 
G '  

k t i c l e s  so tha t  its radiation e f fec ts  u e  h r g e l y  l h i t a d  t o  the  tissue t o  be 

(6) v e f e r a b l y  it should have a caponen* of p n e t r a t i n g  rdiatim, a 
w .- 
6 Leated;  
E =  5 l a r d  gamma-ray, so t h a t  the  concentration of the isotops in vivo can be detar- 
'Ei6 .sinad by measurement of t h i s  radiat ion outside of t h e  patient, and ( 9 )  ideally .e 5 

= s  
t;' c Eicol r e s u l t s  can be acccmplished without perfect measnrement. 
3 .  
E i h e s e  c r i te r ia ,  should be, and is, an excellent t h e r o p u t i c  agent for p t i e n t s  

iz 
I#zthyroidi8m requires i n  i t s  staff the understanding of basic knowledge of radio- 

' OBctivity and technique, of radiat ion e f f e c t s  on t issue,  and of the  c l i n i c a l  and 

' &athological manifestations of the disease process t o  be treated.  

l h e  radiation dose t o  the  t i s sue  should be measurable with certainty,  but prac- 

Radioiodine, 

, 

k i t h  hyperthyroidism. 

Successful and safe conduct of a radioiodine center for treatment of hyper- , 8 &  

:: 
$ 5  
8 -  B e  

These armis 

It i s  unwise and unsafe t o  embark %of knowledge may reside in one or more men. 

=upon BP isotope program unless each of these areas of knowledge are covered 
'F; 

& 
-e 

9 

=adequately 8 by the  s thf f .  

SMYPRP: A short  his tory of the c l in ica l  use af radioiodine a t  the University 

of California Medical School i s  presented. 

One of the most d i f f icu l t  problems facing the radioiodine therapis t  rho is  

t rea t ing  hyperthyroidism is the  determination of the dose of rad ia t ion  t o  t h e  

thyroid. One method of attacking t h i s  problem is discussed i n  some deta i l .  The 

inherent assumptions underlying t h i s  method are pointed out. 

of determining the radiation dose t o  the  thyroid is known a t  p-esent. 

No accurate method 

The first one hundred consecutive pat ients  t rea ted  with radioactive iodine 

for  hyperthyroidism at  the University of Cal i forn ia  HosFitcll are presented. 



Methods of selection and treatment and t he  result8 of wch treatment are given. 

The r e s u l t s  of radioiodine therapy for hyprthyroidiom are  found t o  comparet 

favorably with the r e s u l t s  of other method8 of treatment of t h i s  syndrome. This 

applies only t o  the patient rho doer not havr a nodulu goiter.  Follow-up 

s t h i e s  of Fatienfa, up t o  four years I n  some casea, have ohom a r t r iking ab- 

sence of recurrence. 

ment is not more, and may ba lesa, than i s  producrd by surgery. 

ence may prmit ur t o  reduce the incidence of t h i s  complication. Bo untoward 

* 

. -  
The number of p t i e n t s  rendered hsothyroid by t h i s  t rea t -  

Further erpri- 

B 

P 
effect of the treatment, except hypothyroidism, has become evident in the follm- 3 a 

up of t h i s  group of patients. P 
P 
t 

The place of radioiodine in the therapg of hyparthyroidir8 i r  conridered. t 
f t 
3 8  
45. 
S P  
a -  

t- i i i  
%I 
H :s 
4 3  L= E? 

P '1 

Information Division 
10/24/50 md 
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The 1131 uptake curves of two pat ients  who were given the same oral 

dose of radiolodine. These pat ients  had thyroid glands of the same 

size.  

maximum occurred were the same for each, the general s h a p  of the two 

curves are  different .  

dose of radiation delivered t o  the thyroid t i s sue  (see t a d ) .  

No legend. 

Data on the  c l in ica l  s ta tus  of 100 consecutive p t i e n t s  t reated with 

Iul far hyperthyroidism a t  the  University of C a l l f o r n h  Medical School. 

The f i r s t  patient was t reated in 1945. 

rized as of November 1949. The chart shms a full  dark l ine  f o r  the 

period the patient was considered t o  be c l in ica l ly  ill and a l igh ter  

broken l i n e  for the  period the  patient was considered t o  be c l in ica l ly  

well. 

The graph shms dis t r ibut ion of dosage t o  various patients.  

%ured" as used in t h i s  and other char ts  indicates t h a t  at the time of 

the final follow-up in November 1949, the  patient shored no c l i n i c a l  

signs of hyperthyroidism. 

9 millicuries.  It is seen tha t  when doses above 9 mill icur ies  were 

required, the  percentage of pat ients  having c l i n i c a l  remissions de- 

creased. 

Shows the length of the  i l l n e s s  of the pat ients  t rea ted  far hyperthy- 

roidism. 

ill longer than th i s ,  t h e i r  chances of ultimately going i n t o  remission 

were considerably less. 

Shms the time in months which elapsed between the first and the last 

doses of radioiodine i n  the 100 cases preaented. 

Note thkt although the maximum uptake and the time at which the 

Cmes of t h i s  type a re  used in calculating the 

The follcm-up data are  summa- 

The word 

Most of the  p t i e n t s  received betreen 3 and 

About two-thirds were well within 6 months. If they remained 

Most of these pa- 

_ .  
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t i e n t s  finished the i r  treatment within 2 mmths. It w i l l  be observbd 

tha t  if we fouud it necessarp t o  t r e a t  a patient longer than 5 months, 

the chance of bringing about a c l in i ca l  remiasion decreased markedly. 

Shows the  number of doses of Iu1 given t o  various pat ients  in t h i s  

se r ies  of 100 cases. 

Pig. 7 .  

It will be seen t ha t  the  great majority of pa- 

t i e n t s  received l e s s  than 5 doses. 

Share the estimated w e i g h  of the  thyroids at various times a f t e r  

pat ients  were treated.  

dOS8 of iodine was administered. 

administration of radioiodine there  is a clear  cut downward trend in 

the  weight of the thyroid. The ro l id  l i n e s  are used while the  patient 

is considered t o  be ill and the  dashed l h e s  which the pat ient  is  con- 

sidered t o  be well. 

Only ra re ly  did an obeerver believe a thyroid of l e s s  than t en  grama 

was palpable. 

Estimated neight of the thyroid gland as a function of time in pat ients  I 

with hyperthyroidism rho have been t rea ted  with radioiodine. The single 8 2 
dots  represent the  individual observations and the sol id  l i n e  repreaentaz'  

the  median of the observations. 

infarmation as Fig. 7. 

Fig. 8. 

B 

s' 

"0" time represent8 the time at which the  ffrst 

It can be obsemed tha t  a f t e r  the  8, 

; 
t ~ 

[ 
Many glands became too s d l  t o  palpate adequately. f E 

24 

-. 

t i  

i t  
9 %  

%r 
I! 

thyroid pat ients  t rea ted  with radioiodine, as a function of time. It p v 

Fig. 9. 
11 

e$ 
P 

This f igure gives essent ia l ly  the  same 

F i g .  10. The composite curve of the  basal metabolic r a t e  determinations on hyper- a e 

3 0  

the  start, the longer is t he  time before c l in i ca l  remission i s  estab- 1 T . rill be oksemed tha t  in general the higher the  basal metabolic rate at f 

l ished. A8 long as the  pat ient  was considered ill the  l i n e  is solid. 

When the  patient was considered t o  be well the  l i n e  is dashed. 

general, the  pat ients  represented by the l h e s  which do not reach the  

normal range are considered among t he  unsatisfactory resu l t s .  
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The basal metabolic r a t e  in pat ients  with hyperthvoUism who were 

t reated with radioiodine. 

dose is taken as nO" time. 

The rol id  line represents the  mrdirn of these obsemations. It w i l l  

be observed tha t  the median reached the "0" l eve l  a t  about 4 monfhB. 

I n  t h i s  gra@ the  levels of the s e m  protein-bound iodlne in the 100 

pat ients  t reated for hyperthyroidism with iodine U1 are plat ted 68 a 

funation of t h o .  

a dashed line represents a patient considered wen. 

pat ients  reached normal levels  within 3 or 4 months. 

pat ients  whose protein-bound iodine values did not decrease t o  within 

the normal range were considered among the  unmsatiafactary group. The 

The time of the administration of the first 

The dots represent Individual observations. 

A rolid 1- reprerents a path& considered nul 

A majority of the 

In general those 

pat ients  with the higher initial serum protein-bound IodIne level8 

tended t o  require the  longest periods of therapy. 

The values of the serum protein-bmd iodine determinations 

t l e n t s  t reated for  hyperthyroidim with iodine U1 are  shown e8 a 

funotion of time. The dots represent individual observation. The 

sol id  l ine  represents t h e  median of the determination. The mdian 

decreased t o  within normal l imi t s  and remained within these 1-t~ for 

the duretlon o f  the  follow-up. 
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