
currently used almost exclusively in therapy is 1-131 (1).
The clinical usefulness of triiodothyronine (13) sup
pression tests has been demonstrated in the diagnosis of
Graves' disease and in the prediction of the outcome of
thionamide therapy (2â€”4).The response of serum thy
roid-stimulating hormone (TSH) to stimulation by
thyrotropin-releasing hormone (TRH) is also useful to
distinguish the thyrotoxic state from eumetabolic states
(5,6). However, the relationship of both tests in the

Radioiodine, provided enough is given, can induce
either hypothyroidism or remission of hyperthyroidism
in all patients with toxic goiter. The advantages of ra
dioiodine therapy are its great efficacy and the fact that
organs other than the thyroid are not injured. The isotope
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T3-suppression and TRH tests were repeatedly performed in 63 patients with
Graves' diseasebefore, and 6, 12, 18, and 24 mo after 1-131therapy.These pa
tients were selected from more than 200 1-131-treatedpatients;they satisfied
the criteria of clinicaleuthyroidism,with normalserumT4 concentrationsat least
during the period between 6 mo and 2 yr after the therapy. The numbers of T3-sup
pressible patients increased, but only 27 of the 63 patIents (43 % ) were suppressi
ble at 2 yr after therapy.Thoserespondingto TRH alsoincreased,and36 of 63 pa
tients (57 % ) respondedto TRH at 2 yr after therapy. Most of T3-suppressible
patientswere TRH responsive.AfthoughserumT4concentrationswere withinthe
normalrange,serumT3levelswere abovenormalin almostonethIrdof these pa
tients, and mostof those with highserumT3 levels were T3-nonsuppressibleand
TRH-nonresponding. Investigation of changes in T3-suppressibility and TRH-re
sponsivenessin individualpatientsrevealedthat althoughincidenceofT3-suppres
sionandTRH responsivenessincreased,sevenpatientsbeÃ³ameT3-nonsuppressi
ble and ten patientsTRH-nonrespondingwithin 12 mo of the time when they had
been T3-suppressibleor TRH-responsive.Among TRH-responders,the number
with exaggeratedresponseto TRH increasedgraduallyand reached 28 of 36 pa
tients(78 % ) at 2 hr after therapy.

Theseresultssuggestthat in Graves'patientswith normalserumT4concentra
tionsafter 1-131therapy:(a) incidenceof T3-suppressibilityandTRH-responsive
ness increases and reaches 50% even 2 yr after the therapy, and that serum T3
levelsare highin T3-nonsuppressibleandTRH-nonrespondingpatients;(b) the re
suitsof bothtests at 6 mo after therapyare not prognosticallyreliable; (c) latent
hypothyroidismbeginswithin2 yr after 1-131therapyeven in patientswith normal
serumT4 and T3 concentrations;and (d) failure to respondto TRH, or to T3-sup
pression,is notproofthat a patientrequiresfurthertreatmentwith 1-131.
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FIG. 1. Generalprotocolof presentstudy.Sixty-threeuntreated
patients with Graves' disease were treated with l-131. SerumT4,
T3,T@-tJ,andTSHlevelsweredeterminedat leastonceat 6 me,and
TRH and T3-suppression tests were made before and at 6-mo in

tervals for 2 yr.

course of Graves' disease after I- I 3 1 therapy has not
been clearly elucidated. In the present experiment,
T3-suppression and TRH tests were performed before
and after I- I 3 1 therapy of Graves' disease to investigate
(a) the correlation between T3-suppressibility and
TRI-I-responsivity, (b) the changes in the response to T3
suppression and TRH tests, and (c) the relationship
between the concentrations of serum thyroid hormone
and T3-suppression and TRH tests.

MATERIAL AND METHODS

Our subjects (eight males and 55 females, average age
43.6 yr) were selected from more than 200 I-I 3 1-treated
patients with Graves' disease. They satisfied the criteria
of euthyroidism, with normal serum 14 concentrations

and normal 13 uptake (T3-U) at least during the period
between 6 mo and 2 yr after therapy. Before I- I 31
therapy, all patients were treated with antithyroid drugs
for I to 2 mo. After the clinical euthyroid state had been
achieved, the patients received I- I3 1 therapy. Treatment
with antithyroid drugs was continued for 2 to 3 mo to
maintain T3-U, serum 14, T@,and TSH concentrations
within their respective normal ranges (T3-U: 23â€”35%,
T4: 5.0-13.5 @tg/dl,13: 80-180 ng/dl,TSH: <5
@tU/ml). The mean dose of I- I 3 1 given to these patients

was 5.9 mCi per patient or 80 @Ci/gofthyroid tissue (7).
As shown in Fig. I, the T3-suppression and TRH tests
were repeatedly performed in 63 patients with Graves'
disease. 13-suppression tests were carried out at 6 mo
(Stage II), 12 mo (Stage III), 18 mo (Stage IV), and 24
mo (Stage V) after treatment; TRH tests were per
formed at the first visit (Stage I) and also 6, 12, 18, and
24 mo after 1-131 therapy. All of these patients were
clinically euthyroid and their serum 14 concentrations
and T3 uptakes were within the normal range at least
during the period between 6 mo and 2 yr after the ther
apy. In regard to the T3-supprcssion tests, suppressibility
was defined as reduction of the 24-hr thyroidal uptake
of I- I 31, to 50%or lessof itspreviouslevel,byadmin
istration of 75 ;sg of 13 daily for 8 days (2). TRH tests
consisted of i.v. injection of 500 @gTRH,* with blood
samples for TSH measurement collected before (0), and
at I 5, 30, 60, and 90 mm after injection. TRH respon
sivity was considered positive when basal TSH levels
were <2.0 @tU/mland the peak value >6.2 MU/mI, or
when the difference between the two values was more
than 5 @tU/ml if the basal value was >2.0 @U/ml.Hy
perresponsiveness to TRH was defined when the peak
value of TSH was >35 @U/ml (5,6,8,9). Values for

13Supp.test

bit @-6M fl-)@4 17-1@A 2@-3OM
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TABLE1. FREQUENCYOF TRH-RESPONSIVEAND T3-SUPPRESSIBLEPATIENTSAFTER1-131
THERAPY

4â€”6mo 8 11 3 41 19/63(30.5%) 11/63(17.4%)
(Stage II)

50 11/63(17.4%) 9/63(142%)11â€”13mo
(Stage Ill)

7 4 2

42 18/63(28.5%) 15/63(23.8%)17â€”19mo
(Stage IV)

12 6 3

26 36/63(57.1 %)t 27/63(42.8%)t24â€”30me
(StageV)

26 10 1

, T+ TRH-responsive, S+ T3-suppressible, Tâ€” TRH-nonresponsive, Sâ€” T3-nonsuppressible. max TSH (mean Â±

s.e.)T+: 48.7 Â±4.7@tU/ml(N = 84);1â€”:0.94 Â±0.05@iU/mI(N = 168)t;1-131UPT(meanÂ±2 s.d.).BeforeT3:S+ = 33.6 Â±1.1%;
5â€”.= 42.8 Â±0.8%. AfterT35+ 13.6 Â±0.7% (N 62)t; Sâ€” 41.5 Â±0.8% (N 190).

t Significant at P <0.01.
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serum 14 and 13 concentrations, and T3-U, were deter
mined by commercial kits, an'd serum TSH concentra
tions were measured by a double-antibody technique
(10). Statistical significance was assessed by t-tests and

Cochran Q tests (11).

RESULTS

The frequencies for TRH-responders and T3-sup
pressible patients after treatment are shown in Table 1.
The percentages are based on the number of patients
seen at the indicated times. Approximately 6 mo after
the therapy, 19 out of63 patients (31%) had responded
to TRH. By I 2 mo the TRH-responders had decreased.
Thirty-six of 63 patients (57%) responded to TRH 2 yr
after therapy. The percentage of T3-suppressible patients
was I7% at 6 mo, 14% at I 2 mo, 24% at 18 mo, and 43%
at 24-30 mo following treatment. The increased per
centage was significant (by Cochran Q test) between the
18th and 24th month after treatment in TRH-respond
ers, and between the I 8th and 24th month after therapy
in T3-suppressible patients. The TRH-responsiveness
and T3-suppressibility were similar in more than 80% of
the patients.

Changes of responsiveness to TRH and T3-suppres
sion tests in patients after I- 13 1 therapy are summarized
in Fig. 2, A and B. The numbers of patients whose
TRH-responsivness and T3-suppressibility changed from
negative to positive, and from positive to negative, are
shown for the 2 yr of observation. Regarding the TRH
test (Fig. 2A), between 0 and 6 mo and between 18 and
24 mo, TRH-responders increased. Conversely, between
6 and I 2 mo, I0 of I 9 responders became TRH-nonre
sponsive. In regard to the T3-suppression test (Fig. 2B),
between 0 and 6 mo, I I patients became suppressible.

TABLE2. CHANGESIN SERUMT3 AND T4
CONCENTRATiONS AND ThYROIDAL 1-131

UPTAKESWITH CHANGESIN ThE TRH AND
T3-SUPPRESSIONTESTS

SerumT3
(ng/ml)

SerumT4
(,ug/dI)

Thyroidal1-131
uptakes (%)

SerumT3 1.4Â±0.1 1.2Â±0.1(N.S.)
(ng/mI)

SerumT4 9.3 Â±0.3 9.5 Â±0.4 (N.S.)

(jzg/dl)
Thyroidai1-131 36.9 Â±2.3 33.4 Â±2.2 (N.S.)

uptake (%)

, Values are obtained from those in Stages II â€”â€˜Ill, III â€”@

IV, IV â€”p
t Means Â±s.e.

1.5 Â±0.lt 1.2 Â±0.1 (P <0.05)

10.1 Â±0.4 9.5 Â±0.3 (N.S.)

38.9 Â±2.0 33.6 Â±1.9 (N.S.)

T3-nonsup
pressible T@-suppressibIe

In 6 to I2 mo, the patients who became suppressible and
those who became nonsuppressible were almost equally
numerous. However, among those whose responses
changed between 18 and 24 mo, the patients who became
suppressible greatly outnumbered the total who became
nonsuppressible. Table 2 summarizes the changes in
serum T3 and T4 concentrations, and in thyroidal I- 131
uptakes, with changes in the TRH and T3-suppression
tests. Serum T3 concentrations decreased significantly
with changes in the TRH tests. However, serum T4 levels
and thyroidal I- I 31 uptakes were not changed with
changes in the TRH tests. Changes in T3-suppressibility
were not accompanied by changes in serum T4, T3 con
centration, or thyroidal 1-131 uptake. Figure 3 shows the

9 T131@10!/.0@T3â€”@@ T3@â€˜Â°Â°:@â€¢

(4-6H)@ 11 III

( I I- @M) Eli III

(@7@9M) I I III

(24-305)@@

FIG.3.RelationshipbetweenserumT3levelandratioofpositive
response to TRH test.@ : positive response to TRH, 0 : no response
toTRH. â€˜:P<0.01.

befo,@e S Q 18before 6 12 18 24-30
Months

19â€”'9,----' 8 @â€”â€œ7

1@\.â€˜S.â€•.
,â€˜..

FIG.2.ReactionstoTAHandfrsuppressiontests.(A)Changesof
responsivenessto TRHtest ineachstage;(B)Changesof T3-sup
pressiontests in eachstage;â€”b:@ norixespondersto responders,
or from T3-nonsuppressible to T3-suppressible patients. â€œ*:from
responders to nonresponders, or from T3-nonsuppressible to T3-
suppressible patients.
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TABLE3. CORRELATiONCOEFFICIENTS
AMONGBASALSERUMTSH

CONCENTRATIONS,ThYROIDAL1-131
UPTAKES,AND SERUMT4 AND T3

CONCENTRATiONS'
n

â€˜4â€”6M)

III(11â€”13$

17

V
(24â€”30M

SerumT4 â€”0.49(P <0.01)
SerumT3 â€”0.39(P<0.01)

0.23 (P <0.05)
0.40(P<0.01)

4 Values were obtained from 252 determinations after

1-131therapy(StageslIâ€”V).

:1:0.3 .tg/dl, I .2 :1:0. 1 ng/ml. Serum 14 concentrations
were significantly lower in hyperresponders than in
normal responders (P <0.05). In order to investigate
whether the baseline TSH was better than the TRH
responsiveness at predicting the outcome for these pa
tients, values for baseline TSH, numbers of normal and
hyperresponders, and number of patients whose basal
TSH levels were greater than 5 @zU/mlare shown in
Table 4. All patients who had serum TSH levels greater
than 5 @iU/mlshowed hyperresponse to TRH. However,
more than 50% of hyperresponders showed basal serum
TSH levels less than 5 @U/ml.

DISCUSSION

The advantages of radioiodine therapy are its great
efficacy and the fact that the parathyroid, recurrent
laryngeal nerves, and organs other than thyroid are not
injurbd, although there are also important disadvantages
to 1-131 therapy. There is an interesting incidence of
hypothyroidism in the years following therapy, despite
initial induction of euthyroidism. Between 30 and 70%
of patients followed have become hypothyroid after
10â€”20yr (12). Even within 2 yr. radioiodine hypothy
roidism had occurred in 5 to 25% of patients (13,14).
However, the purpose of this study is not to observe

100
â€˜I.

50

0

FIG. 5. Percentage of TRH-hyperresponders in each stage. Values
shown represent percentage of hyperresponders: (number of hyp
errespondersto TRH)/(numberof positiverespondersto TRH)in
each stage.
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FIG.4.RelationshIpbetweenserumT3levelandratioof suppressed
patients. e : suppressed patients, 0 : nonsuppressed patients. â€¢:
P <0.01.

relationship between serum T3 level and TRH respon
siveness. Each column represents the number of patients
as a percentage of the total patients in each stage. For
example, in the Stage II patients, the number whose T3
levels were below the normal range was only 3% of the
number of patients in Stage II. Fifty-three percent of
patients had normal serum 13 concentrations, and ap
proximately 50% of them were TRH responders. The
percentage of Stage II patients with supranormal serum
13 levelswas44%,butonly2%of themwereTRH-re
sponders. In patients whose serum 13 concentrations
were within the normal range, the proportion of
TRH-responders increased significantly between Stages
IV and V. Figure 4 shows the relationship between serum
T3 level and T3-suppressibility. As in the TRH test,
T3-suppressible patients were noticeably increased in
Stage V, after the therapy. Although serum T4 concen
trations and T3-U were within the normal range, serum
13 levels were higher than normal in almost one third of

these patients, and most of the patients with high serum
T3 levels were T3-nonsuppressible. Table 3 shows the
correlation coefficients among basal TSH concentra
tions, thyroidal I- 13 1 uptakes, and serum T3 and T4
concentrations in 252 determinations after 1-131 therapy
(Stages IIâ€”V).Serum T4 and 13 concentrations corre
lated significantly with thyroidal 1-131 uptakes but
correlated inversely with basal serum TSH concentra
tions. The incidence of exaggerated response to TRH by
those who responded in each stage is shown in Fig. 5. The
number of exaggerated responders to TRH was 42%
(eight of 19) at 6 mo, 45% (five of 11) at 12 mo, 44%
(eight of 18) at I 8 mo, and 78% (28 of 36) at 24â€”30mo
after I-i 3 1 therapy. There were no significant differences
in the percentages of exaggerated responses among
Stages II, III, and IV. The proportion of TRH hyper
responders, however, increased significantly in Stage V.
Averages of serum T4 and T3 concentrations in 49 hyp
erresponders were 8.2 Â±0.9 @g/dland 1.2 Â±0. 1 ng/ml,
respectively, and those of 35 normal responders were 9.4



TABLE4. RELATIONOF BASELINESERUMTSHCONCENTRATIONSANDTRH-TESTSStageIIIIIIVVAverages

of basal TSH of all patients (jzU/ml)3.7 Â±1.61.5 Â±0.53.0 Â±1.33.7 Â±1.3Number
of patients with TSH >5sU/mI4358Number
of patientswithnormalresponse116108Number
of patients with hyperresponse85828
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merely the frequency of hyper- or hypothyroidism after
I- I 3 1 therapy, but to investigate various thyroid func
tions in clinically euthyroid posttherapy patients with
normal serum 14 concentrations. In this study, the
number of TRH-responsive and T3-suppressible patients
increased, reaching 57 and 43%, respectively, after 24â€”30
mo. Most of the T3-suppressible patients were TRH
responsive. Although the frequencies of TRH-responders
and T3-suppressible patients increased, 10 of 19
TRH-responders and seven of 11 T3-suppressible pa
tients changed from positive to negative response be
tween 6 and I 2 mo. These undesirable changes may be
due to temporal effects of 1-13 1 therapy (15) or due to
the effects of antithyroid drugs given for I â€”2mo after
the therapy.

Regarding the serum 13, patients with supranormal
serum T3 levels were about 40% in Stages II, III, and IV,
although their serum T4 and T3-U concentrations were
within the normal range. All patients with subnormal
serum 13 levels were TRH-responsive regardless of
stage, whereas almost all patients with supranormal T3
levels were TRH-nonresponders, and most of the patients
with high serum 13 levels were T3-nonsuppressible.
Serum 13 concentration appears to be very important
in the diagnosis of subclinical thyrotoxicosis.

However, even among patients whose serum 14 and
T3 levels were within normal limits, many showed hyp
erresponse to TRH: 42% of those who responded at 6 mo,
45% similarly at I 2 mo, 44% at I8 mo, and 78% at 24â€”30
mo after I- I 3 1 therapy. Serum T4 concentrations were
significantly lower in hyperresponders than in normal
responders. Exaggerated responses appeared to be the
initial signs of hypothyroidism (16â€”18). As shown in
Table 4, 50% of hyperresponders showed basal serum
TSH levels less than 5 @U/ml,and we therefore believe
that the TRH test is important in predicting the outcome
of I- I 3 1-treated patients.

In the present study, approximately 50% of patients,
despite their clinical euthyroidism, did not respond to
TRH and did not become T3-suppressible by the end of
2 yr. Therefore, TRH-nonresponsiveness or T3-non
suppressibility may not be the indication for retreatment
with I- I 3 1. From the present study on the course of
Graves' disease in patients before and during a 2-yr pe
nod after I- I 3 1 therapy, we have found that (a) the in
cidence of T3-suppressibility and TRH-responsiveness

increased to include about 50% of the cases even 2 yr
after 1-131 therapy, and serum T3 levels are high in
T3-nonsuppressibles and TRH-nonresponders; (b) the
results of both tests at 6 mo after the I- I 3 1 therapy are
not reliable indicators of prognosis; (c) even though
serum T4 and T3 concentrations are within normal range,
latent hypothyroidism begins within 2 yr after 1-131
therapy; and (d) failure to respond to TRH, or resistance
to 13 suppression, is not proof that a patient requires
retreatment with I- I 3 1.

FOOTN OTES

C Synthetic TRH was obtained from Tanabe Seiyaku, Ltd., Osaka,

Japan.
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The Rocky Mountain Chapter of the Society of Nuclear Medicine will hold its Annual Meeting on March 26-29, 1980at
the Park City Ski Resort, Park City, Utah.

Hepatobiliary and othergastrointestinaldisorders isthetopicand invited speakers include:AbassAlavi, Alan Fritzberg,
William Klinginsmith, Mike Loberg, Leon Malmud, and John Moore.

For information contact:

Robert W. Beightol
Intermountain Radiopharmacy

1C-409 University of Utah Medical Center
50 North Medical Drive

Salt Lake City, UT 84132
Tel:(801)581-8189
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