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Sodium Ipodate and Methimazole in the Long-Term Treatment
of Hyperthyroid Graves’ Disease

Elio Roti, Eliana Gardini, Roberta Minelli, Lina Bianconi, and Lewis E. Braverman

A prospective study was conducted to evaluate the effect of prolonged treatment of hyperthyroid Graves’ disease with
methimazole (MMI) for 12 months or Na ipodate for only 6.6 + 1.1 months, since the drug had to be discontinued because of
persistent or recurrent hyperthyroidism during treatment. The eight patients who were treated with MMI alone for 12 months
became euthyroid, and seven remained in remission for at least 6 months after MMI was discontinued. In contrast, only two of
10 patients treated with Na ipodate alone became euthyroid and remained so during therapy. Na ipodate was discontinued in
the eight patients who did not respond, and they were then treated with MMI. One patient had recurrent hyperthyroidism after
NA ipodate was discontinued, and she was then treated with MMI. MMI was efficacious in treating these nine patients, and all
patients were euthyroid by the third month of MMI administration. Five of these nine patients remained euthyroid for at least 6
months after MMI was discontinued, a remission rate that was not significantly differrent from that observed in the eight
patients treated only and initially with MMI (Fisher’s Exact Test). There was no significant change in serum thyroid peroxidase
antibodies during treatment with MMI alone, Na ipodate alone, or Na ipodate followed by MMI. In conclusion, the present study
strongly suggests that Na ipodate is not useful in the long-term treatment of Graves’ hyperthyroidism since only two patients
could be successfully treated for 12 months, one of whom had a recurrence 6 months later, and that MMI is less efficacious in
reducing serum thyroid hormone concentrations following Na ipodate withdrawal due to the iodide load associated with Na

ipodate administration.
Copyright © 1993 by W.B. Saunders Company

HE ADMINISTRATION of iodine-rich cholecys-
togrpahic x-ray contrast agents to hyperthyroid pa-
tients induces a marked and rapid decrease in serum
3,3',5-triiodothyronine (T;) concentrations, a slight de-
crease in serum thyroxine (T,;) concentrations, and a
striking increase in serum 3,3',5'-triiodothyronine (reverse
T; [rT3]) concentrations.!* These serum thyroid hormone
changes are primarily due to the inhibitory effect of oral
cholecystographic x-ray contrast agents on outer-ring 5'deio-
dination of T, to the more active iodothyronine, T;3*8
However, since contrast agents release iodide during their
peripheral metabolism, the increase in serum iodide contrib-
utes to the diminution of serum thyroid hormone concentra-
tions by blocking hormone release from the thyroid.
Short-term treatment of hyperthyroid patients with oral
cholecystographic agents either alone or with antithyroid
drugs has been shown to be more effective in reducing
serum T; concentration than antithyroid drug treatment
alone or with stable iodine.>%-!! Furthermore, the decrease
in serum thyroid hormone concentrations following therapy
with these agents was associated with a more rapid amelio-
ration of clinical symptoms.>!! In contrast, the long-term
treatment of hyperthyroid patients with oral cholecysto-
graphic agents has resulted in variable responses, with
escape from the drug being observed in some patients.!*1?
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In the present study, we have compared the effects of
long-term treatment with methimazole (MMI) or Na ipo-
date on serum thyroid hormone concentrations in patients
with hyperthyroid Graves’ disease. Furthermore, the effect
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Table 1. Serum T4 and T3 Concentrations in Patients Treated With MMI, Na Ipodate, and Na Ipodate and Then With MMI

Months of Treatment

12

10

MMI

133 = 16 (8)
1.9 £ 0.2 (8)

122 = 15(8) 107 +7(8) 132 = 15(8)

119 + 13 (8)
15+01(8) 1.7+0.1(8) 1.7+0.1(8)

138 = 16 (8) 107 + 4 (8)

2.2+0.3(8)

120 + 11(8) 114 = 12 (8)

117 £ 13(8)
20+ 0.3(8)

102 + 22 (8)
1.9 = 0.4 (8)

96 + 18 (8)
20+0.3(8)

T4 (nmol/L) 265 + 30 (8)
T {nmol/L) 5.9 +=0.9(8)

Na Ipodate

1.8x0.1(8)

1.6 = 0.1(8)

20+0.2(8) 1.7+0.2(8)

157 = 13(2) 180 + 22 (2)
1.2+201(2) 1.2+£0.2(2)

154 = 1 (2}
1.1 +£0.0(2)

173 £ 20(5) 175 + 20(56) 169 + 22 (5) 161 + 15(4) 158 = 8 (3)
1.6 +03(5) 1.6+0.3(5 1.6+0.3(4 1.6=0.3(3)

1.8 = 0.3 (5)

198 + 29 (8)
20+04(8)

2.2 +0.3(10)

scontinued and MMI administered (months indicate time during MMI administration)

231 +12(10) 190 = 15{10) 218 = 20 (10) 201 =+ 23 (10)
4.6 +0.5(10) 23 +0.4(10) 25+ 0.4(10)

T4 {(nmol/L,
T3 (nmol/L

Na Ipodate d

99 = 14 {9) 102 £ 5(9)
1.7+03(9) 1.7+0.2(9)

104 + 15(9) 118 = 12(8) 127 = 14 (9)
19+0.1(9) 20=+0.1(9) 2.0+0.2(9)

100 = 14 {9)
1.9 £ 0.2(9)

125 = 12 (9}
2.3+02(9)

154 + 6 (9)
27 +£0.2(9)

221 £ 18(9)
23+0.2(9)

Ta (nmol/L
T, (nmol/L

NOTE. Resuits are means + SE; the number in parentheses indicates the number of patients evaluated at each time. Normal ranges: T,, 64.3-141.5 nmoi/L; T3, 1.0-2.5 nmol/L.
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of MMI in restoring euthyroidism in patients unsuccessfully
treated with Na ipodate is reported.

SUBJECTS AND METHODS

Eighteen patients with hyperthyroid Graves' disease partici-
pated in the study after informed consent was obtained. All
patients resided in the Parma area, where the mean thyroid iodine
excretion is 80 pg 1/g creatinine. Diagnosis of active Graves'
disease was confirmed by clinical examination and by increased
serum T4 and T; concentrations with suppressed serum thyrotropin
(TSH) values and elevated radioactive thyroid iodine uptakes
(RAIU) measured 6 and 24 hours following the administration of 5
pCi L1, Eight women 39 =+ 4.4 years of age were treated with 20
mg MMI daily, and 10 patients, nine women and one man 39.9 +
3.1 years of age, were treated with 1 g Na ipodate daily.

In eight patients, MMI administration was maintained at 20 mg
daily for the first 3 months, and the dose of MMI was then adjusted
according to clinical and laboratory responses. In 10 patients
treated with Na ipodate, the drug was withdrawn when the patients
did not maintain evidence of clinical improvement and/or serum
T; concentrations increased after the initial decrease (six patients),
and/or when serum T, concentrations were 5 pg/dL over baseline
values (two patients), suggesting the presence of hyperthyroidism.
However, all 10 patients were treated with Na ipodate for at least 3
months; two patients were treated for 12 months, one patient for 9,
one for 8, one for 7, three for 4, and two for 3 months. Following
withdrawal of Na ipodate, the patients were treated with 20 mg
MMI daily for 3 months and, as in the patients treated with MMI
only, the dose of MMI was then adjusted according to the clinical
and laboratory responses. These patients were considered as a
group (Na ipodate-MMI group in Table 1). Their serum thyroid
hormone concentrations at the time of Na ipodate withdrawal
represent the new baseline values for this group.

All patients were clinically evaluated at monthly intervals includ-
ing body weight and heart rate measurements, and thyroid function
tests were obtained monthly for 12 months and every other month
thereafter for 6 months. Thyroid RAIU was again measured in all
patients 12 months after the onset of the study.

Serum samples were kept frozen at —20°C until analysis. Serum
T4 and T; concentrations were assayed by radioimmunoassay
(RIA) with materials obtained from Ares-Serono (Milan, Italy).
Serum TSH concentrations were measured by a sensitive RIA
(TSH-S) with materials obtained from Ares-Serono. Serum antithy-
roid peroxidase antibodies (AbTPO) were assayed by RIA using
materials obtained from Henning (Berlin, Germany).

To compare changes in serum thyroid hormone concentrations
during MMI treatment in patients previously treated with Na
ipodate with values in patients treated with MMI alone, individual
absolute values have been transformed to the percent of the
respective values measured at the time MMI treatment was begun.
All values are reported as the mean * SE. Student’s ¢ test was used
to compare mean values of the two groups of subjects; one-way
ANOVA and Duncan’s tests to evaluate hormone changes during
treatment in each group of patients; two-way ANOVA to compare
hormone values between different groups of patients; and Fisher’s
Exact Test to evaluate the prevalence of different results between
two groups. Statistical evaluations have been conducted with the
aid of an IBM personal computer using the NWA Statpak program
(NorthWest Analytical, Portland, OR).

RESULTS
Thyroid RAIU

In patients treated with MMI alone, thyroid RAIU
values at 6 and 24 hours were 74% =+ 5% and 70% = 31%,
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respectively, before MMI was begun. Twelve months later,
17 = 6 days after MMI was discontinued, thyroid RATU
values decreased significantly (P < .001, Student’s ¢ test)
with values at 6 and 24 hours of 33.5% * 2% and 44% +
2%, respectively.

In patients treated with Na ipodate, thyroid RAIU values
at 6 and 24 hours were 59% = 7% and 63% * 5%,
respectively, before treatment was begun. These values
were not different (Student’s ¢ test) from those obtained in
the MMI-treated patients. Twelve months later (12 *

dqvc after all thprnpy was rhcr‘nnhnnpd\ fhvrmd RAIU was

measured in patients who had contmued Na ipodate
treatment (two patients) and in those who had discontinued
Na ipodate and begun MMI treatment (eight patients). In
the eight patients who began MMI treatment after Na

ipodate was withdrawn (6 + 0.8 months before RAIU was
obtained), thyroid RATU values at 6 and 24 hours, 40% =

6% and 47% =+ E% rPQpP{‘I‘“IPI‘I were ugrnﬁr‘anflv lower

(P < .05, Student’s ¢ test) than those observed in the same
patients before treatment, but were not significantly differ-
ent (Student’s ¢ test) from those obtained at 12 months
{17 = 6 days after MMI was discontinued) in the eight
women treated with MMI alone.
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In patients treated with MMI alone, basal serum T,

concentrations were 265 = 30 nmol/L. and thev markedly
concentrations were 202 = nmoi/L, ang ney marxeqly

decreased during treatment (P < .001, one-way ANOVA).
One month after MMI treatment was begun, the mean
serum T, concentration was normal and all individual
values, except for one were within the normal range. During
the first 3 months of treatment, serum T, concentrations in
patients treated with MMI were significantly lower than

those ghserved in natients treated with Na inodate (P <
tNose oosCrved 1n patients treated with INa 1poegate (I <

.01, two-way ANOVA).

In patients treated with Na ipodate, basal serum T,
concentrations were 231 = 12 nmol/L, a value not different
from that of the MMI-treated patients (Student’s ¢ test).
Serum T, concentrations at months 1, 2, and 3 of treatment
were 190 = 15, 218 = 20, and 201 = 23 nmol/L, respec-

tivelv. not sienificantly different from baseline {one-way
v €1y, 00t significantuy Guierent irom oascime (onc-way

ANOVA, Duncan’s tests). Na ipodate was discontinued in
eight patients because of recurrent symptoms and/or labo-
ratory evidence of escape at various times after the third
month of therapy, and MMI treatment was begun. Two of
these patients had serum T, values greater than 5 pg/dL
above baseline. Only two patients were treated with Na

inodate alone for the full 12 months: one remained euthy-
1poaate a:one 101 inC lun 12 monins; onc remainea cutny

roid and one had recurrent hyperthyroidism 6 months later,
requiring MMI therapy.

In the nine patients treated with Na ipodate and then
with MMI, serum T, concentrations before starting MMI
were increased to 221 = 19 nmol/L. Serum T, concentra-
tions significantly decreased (P < .001, one-way ANOVA)

over the next 8 mnnthe reachine a nadir of 100 + 14

................................. g a nadir
nmol/L 3 months after MMI was begun. During MMI
therapy, all except two individual T, values were in the
normal range.

The percent decrease in serum T, concentrations com-
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pared with their respective values before MMI treatment
was begun was significantly greater (F < .02, iwo-way
ANOVA) in patients treated from the beginning with MMI
than in those patients treated with MMI after Na ipodate

was discontinued (Fig 1).
Serum T3 Concentrations (Tabie 1)
In patients treated with MMI alone, basal serum T,

concentrations were 5.9 + 0.9 nmol/L, and they markedly
decreased during treatment (P < .01,0ne-way ANOVA)

Tn 1 manth the co T. concentratian wace in the
i 1 monin, in€ mean sérum i; eonceniralion was in tné

normal range (2.0 = 0.3 nmol/L, P < .001 v basal values,
Duncan’s test) and was normal in six of the eight patients.
By the third month, serum T3 concentrations were 2.0 = 0.3
nmol/L, and all individual values except for one were in the
normal range.

In patients treated with Na ipodate, basal serum T;

ntratinne wara 4 K -+ n ( nmnl/T milar ta hagal
Conceniralions were 4. = nmoi/ L, Simuiar 10 oasai

values in MMI-treated patients. During Na ipodate admin-
istration, serum T3 concentrations decreased significantly
by 1 month of treatment to 2.3 + 0.4 nmol/L (P < 0.001 v
basal value, Duncan’s test). At the end of the third month
of Na ipodate administration, serum T; concentrations
were 2.2 = 0.3 nmol/L; eight of the 10 individual values
were in the normal range. No significant difference in
serum T3 concentration (two-way ANOVA) was observed
during the first 3 months of treatment between patients
treated with MMI alone and Na ipodate alone. In patients
who continued on Na ipodate therapy after the third month
of treatment (number of patients reported in Table 1),
serum T concentrations remained in the normal range Na
lpuuatc was discontinued at various times after the third
month because of an increase in the serum T; concentration
in six patients of 28.2 + 9 ng/dL above the lowest values
observed during Na ipodate therapy (P < .02, paired
Student’s ¢ test). During the first 3 months of MMI
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Fig 1. Percent decrease in serum T, concentrations in patients
treated with MMI alone and in those treated with Na inodate and then

with MMI. The months on treatment represents the time patients
received MMI, whether from the beginning or after Na ipodate was

withdrawn, The percent decreage wae clnnlﬂr-nﬂv aroater ID < 02

witngrawr ercent gecrease wae sl Ticanily grealer L,

two-way ANOVA) in patients treated with MMI only than in those
treated with Na ipodate and then with MMI; bars represent SE.
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treatment following Na ipodate withdrawal, the serum T;
concentration did not significantly decrease, but it did
decrease (P < .01, one-way ANOVA) during the following
3 months. After 6 months of MMI treatment, all individual
serum T; values were in the normal range.

There was a significant decrease in serum T; concentra-
tions compared with basal values in patients treated with
MMI alone, but not in patients treated with MMI after Na
ipodate was discontinued (Fig 2).

Serum TSH Concentrations

Serum TSH concentrations were undetectable in all
subjects in both groups before treatment was begun. In
patients treated with MMI alone, five had detectable serum
TSH values after 3 months of treatment (TSH-S values
ranged between 0.5 and 3.8 mU/L; P < .01 v Na ipodate
group, Fisher’s Exact Test), and all subjects had detectable
TSH values at the end of 12 months (TSH-S values ranged
between 0.5 and 2.2 mU/L).

Nine of 10 patients treated with Na ipodate had undetect-
able serum TSH values during Na ipodate administration
(P < .01 v MMI group, Fisher’s Exact Test). The one
patient whose serum TSH level increased into the normal
range (0.58 mU/mL) was euthyroid 6 months after Na
ipodate was discontinued.

The patients who discontinued Na ipodate therapy had
undetectable serum TSH concentrations at the time MMI
was begun. At the end of the third month of MMI
administration, only two patients had detectable serum
TSH values, an incidence not different from that observed
in the group treated with MMI initially.

Serumm AbTPO Antibodies

Elevated levels of AbTPO antibodies (2,295 * 1,625
U/mL) were present in all patients treated with MMI
alone. During MMI therapy, no significant change in

— MMI
150

Na lpodate ~= MM
a ipodate

25 —

Percent decrement in serum T3 values
&
!

months

Fig 2. Percent decrease in serum T; concentrations in patients
treated with MMI alone and in those treated with NA ipodate and then
with MMI. The months on treatment represents the time patients
received MMI, whether from the beginning or after Na ipodate was
withdrawn. The percent decrease was highly significant (P < .00001,
one-way ANOVA) in patients treated with MMI only, whereas no
significant decrease (one-way ANOVA) was observed in patients
treated with Na ipodate and then with MMI; bars represent SE.
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AbTPO level (one-way ANOVA) was observed. Serum
AbTPO levels (1,922 = 1,076 U/mL) were elevated in all
patients treated with Na ipodate; AbTPO values did not
change during Na ipodate administration. Serum AbTPO
concentrations were elevated (3,307 = 2,107 U/mL) before
beginning MMI treatment in all patients who discontinued
Na ipodate, and they remained elevated throughout the
observation period.

Heart Rate and Body Weight

The heart rate before treatment with MMI alone was
89 + 3 beats/min and decreased significantly during the
first 3 months of treatment to 74 + 2 beats/min (P < .01,
one-way ANOVA). In patients treated with Na ipodate, the
basal heart rate was 98 * 2 beats/min and decreased
significantly during the first 3 months of therapy to 82 + 2
beats/min (P < .01, one-way ANOVA).

In patients who discontinued Na ipodate and were then
treated with MMI, the heart rate did not continue to
decrease, but rather increased to 89 + 4 beats/min before
MMI was given and subsequently decreased significantly to
78 = 3 beats/min (P < .01, one-way ANOVA). Body
weight was not significantly different between groups of
patients and did not significantly change during treatment.

Thyroid Function After All Therapy Was Discontinued

MMI as sole therapy was discontinued after 12 months;
seven patients maintained normal serum T, and T; concen-
trations for at least 6 months, and one patient had a
recurrence of hyperthyroidism. Two patients were treated
with Na ipodate alone for 12 months. One had a recurrence
of hyperthyroidism during the next 6 months and was
treated with MMI, and the other patient remained euthy-
roid.

The patients who discontinued Na ipodate were subse-
quently treated with MMI for different periods of time, but
for at least 8 months. After MMI was discontinued, five of
nine patients (NS v group treated with MMI alone, Fisher’s
Exact Test) remained euthyroid for at least 6 months.

DISCUSSION

The administration of oral cholecystographic agents to
hyperthyroid patients induces a marked decrease in serum
T; concentrations and a slight decrease in serum T,
concentrations.!? Furthermore, the decrease in serum T;
level is more rapid following administration of x-ray con-
trast agents either alone or with antithyroid drugs than
following administration of MMI alone or MMI and stable
iodine.%11 In association with the rapid decrease in serum
T; concentration, a more rapid amelioration of clinical
signs and symptoms of thyrotoxicosis has been observed
compared with that in patients treated with antithyroid
drugs alone 31!

Oral cholecystographic agents have also been used in the
long-term treatment of hyperthyroid patients. In patients
with active Graves’ disease treated with iopanoic acid for 1
to 12 months, serum thyroid hormone concentrations re-
mained normal in a few, but decreased only temporarily in
the majority with a recurrence of hyperthyroidism.!” In
another study, long-term administration (23 to 31 weeks) of
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Na ipodate to five hyperthyroid patients decreased serum
T, and T; concentrations to the normal range and signifi-
cantly decreased heart rate and increased body weight.!?
However, in two patients reevaluated 3 weeks after Na
ipodate was withdrawn, serum T, and T; concentrations
increased to values above the normal range. In Graves’
hyperthyroidism, treatment for 14 weeks with Na tyropano-
ate did not normalize serum thyroid hormone concentra-
tions, and the signs and symptoms of thyrotoxicosis often
did not abate. Furthermore, levels of thyrotropin receptor
antibodies (TRAb) increased slightly during therapy.l’ A
single patient with Graves’ hyperthyroidism treated with
iopanoic acid and propylthiouracil showed a marked de-
crease in serum total T; concentration, whereas serum total
and free T, and free T; concentrations remained markedly
elevated and features of thyrotoxicosis persisted.!? Better
results were reported following administration of oral
cholecystographic agents in a single patient with severe
thyrotoxicosis factitia and in a newborn with neonatal
Graves’ hyperthyroidism.!#1¢ More recently, long-term Na
ipodate administration was associated with a high rate of
hyperthyroidism during drug therapy and a poor response
to subsequent MMI therapy.'?

In the present study, we have evaluated the effect of
long-term administration of Na ipodate on the course of
Graves’ hyperthyroidism. In the short term (3 months), Na
ipodate was effective in reducing serum T, and T; concen-
trations and heart rate, thus confirming previous observa-
tions.-3%11 The decrease in serum T; concentration and
heart rate in patients treated with Na ipodate was similar to
that observed in patients treated with MMI alone, whereas
the decrease in serum T, concentration was greater in
patients treated with MMI alone than in those treated with
Na ipodate, since the drug decreases T, clearance.* In
previous studies,!3-11.202! the decrease in serum T4 and T;
concentrations during the first few days was greater in
patients treated with oral cholecystographic agents either
alone or in various combinations with other drugs than in
those treated with antithyroid drugs alone or with other
medications not including the x-ray contrast agents.

We have also observed that in patients treated with Na
ipodate and then with MMI, the decrease in serum T, and
T; concentrations was much slower than that observed in
patients treated with MMI alone. This finding suggests that
the administration of large amounts of iodine to hyperthy-
roid patients with Graves’ disease results in partial resis-
tance to the action of MMI. This observation is in agree-
ment with the recent report by Martino et al'® and with a
single case reported by Caldwell et al'® describing a patient
treated for 10 weeks with 0.5 g Na ipodate and then
unsuccessfully with propylthiouracil.

In the present study, patients treated with MMI alone
continued to have serum thyroid hormone concentrations
in the normal range after 3 months of therapy, whereas
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eight of 10 patients treated long-term with Na ipodate had
an increase in serum T4 and/or T; concentrations above the
nadir achieved with Na ipodate alone and an increase in
heart rate, requiring withdrawal of the Na ipodate. Thus,
only two of 10 patients were appropriately treated over a
long term with Na ipodate alone. However, seven of eight
patients treated with MMI alone for 12 months were
euthyroid and remained so 6 months after MMI was discon-
tinued. This observation confirms previous studies report-
ing that oral cholecystographic drug therapy for hyperthyroid
Graves’ disease frequently does not restore and maintain
euthyroidism.!315171% Furthermore, it has been observed
that serum thyroid hormone concentrations may increase to
levels even higher than pretreatment values during long-
term oral cholecystographic drug therapy!> or after its
withdrawal following long-term or short-term therapy.13

Patients treated with Na ipodate followed by MMI
achieved the same remission rate as those treated with
MMI alone. This finding is at variance with the observations
of Wartofsky?? and Solomon et al,? who suggested that an
increase in iodine intake decreases the remission rate in
patients with Graves’ disease treated with antithyroid
drugs. However, in another study the administration of
large amounts of iodide to patients with Graves’ hyperthy-
roidism did not affect the 5-year relapse rate following
antithyroid drug therapy.?*

The thyroid RAIU after 12 months of treatment in the
present study did not differ between patients treated with
MMI alone and those treated with Na ipodate followed by
MML. This is similar to the observations of Shen et al,!* who
reported that the thyroid RAIU in hyperthyroid patients 7
days after long-term administration of Na ipodate was
discontinued was similar to pretreatment values.

We have also measured serum AbTPO levels during the
various treatment modalities. No significant decrease in
AbTPO levels was observed in patients treated with MMI,
Na ipodate, or Na ipodate followed by MMI. It has been
observed previously that serum levels of antithyroglobulin
and antimicrosomal antibodies did not change in patients
treated with iopanoic acid.” In contrast, it has been
reported that circulating levels of TRADb increased slightly
in patients with Graves’ disease treated with sodium tyro-
panoate.'> In the present study we did not measure TRAb
levels, but the fact that Na ipodate treatment had to be
discontinued in almost all patients suggests that TRAb
were still present.

In conclusion, the present study suggests that long-term
Na ipodate treatment of patients with Graves’ hyperthyroid-
ism is of little value, since the decrease in serum thyroid
hormone concentrations is frequently only temporary. Fur-
thermore, the administration of large amounts of iodide
associated with Na ipodate therapy did not adversely affect
the remission rate in patients with Graves’ disease subse-
quently treated with antithyroid drugs.
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