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SUMMARY 

Patients with thyrotoxic Graves’ disease were treated daily for 10 d with 1 g 
sodium ipodate, an iodine rich X-ray contrast agent which impairs outer ring 
(5’-) deiodination of T4 to T3, or with 12 drops of a saturated solution of 
potassium iodide (SSKI). T4, T3 and reverse T3 (rT3) concentrations were 
measured before, during, and 5 and 10 d after the administration of each drug. 
SSKI therapy induced a decrease in the serum T4 concentration from 14.7 1.3 
pg/dl (mean k SE) to a nadir of 7.9 f 0.9 on days 9 and 10 of therapy, all values 
reaching the normal range by day 9; a decrease in the serum T3 concentration 
from 402k43 ng/dl to a nadir of 143f20 on day 10, remaining elevated in all 
patients until day 5 and decreasing into the normal range in all except one 
patient on days 9 and 10; and no change in the serum rT3 concentration. Serum 
T4 and T3 concentrations returned to baseline values 10 d after withdrawal of 
SSKI. In contrast sodium ipodate therapy induced only a modest decrease in the 
serum T4 concentration from 15.1 kO.7 pg/dl to a nadir on day 9 of 1 1.3 & 1.0 
and serum T4 remained above the normal range in most patients until day 8; a 
striking and rapid decrease (within 12 h) in the serum T3 concentration from 
340f36 ng/dl to mean values ranging from 79 to 85 during the last 5 d of 
therapy, with most values below the normal range during the last 3 d; and a 
marked increase in the serum rT3 concentration from 1 11 _f 15 ng/dl to a peak 
value of 376f59 on day 5. A significant rebound increase in serum T4 
(18.7f 1.7 pg/dl; Px0.01) and serum T3 (512f72; P < O . O l )  concentrations as 
compared to pretreatment values occurred 10 days after sodium ipodate was 
discontinued. We conclude that although treatment of hyperthyroidism with 
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sodium ipodate induced a more rapid and more profound decrease in the serum 
T3 concentration than did SSKI, a marked rebound increase in serum T4 and 
T3 concentrations occurred after withdrawal of sodium ipodate but not after 
SSKI was discontinued. 

Iodine containing oral cholecystographic X-ray contrast agents have been reported to be 
useful in the treatment of hyperthyroid patients (Brown et a/., 1978). Their administration 
induces a marked and rapid decrease in the serum T3 concentration, a slight decrease in 
the serum T4 concentration and a striking increase in the serum reverse T3 (rT3) 
concentration (Wu et a/., 1978 a, b, 1982). Their efficacy in treatment is primarily due to 
their rapid inhibitory effect on outer ring, 5’-deiodination of T4 to the more active 
iodothyronine, T3 (Burgi et a/.,  1976; Kleinmann et a/. ,  1980; Beng et af., 1980; Suzuki et 
a/., 1979, 198 1) .  and the effect of iodine itself on blocking the release of thyroid hormones 
from the thyroid (Wartofsky et al., 1970). Stable iodine may be employed in the treatment 
of mild Graves’ hyperthyroidism (Hamburger. 1981) and is often used as adjunctive 
therapy before thyroidectomy (Braverman, 1981; Feek e f  a/., 1980), after therapy with “‘I 
(Ross et a/.. 1983), and in the treatment of thyroid storm (Braverman, 1983). 

Comparative studies on the effects of cholecystographic contrast media and stable 
iodine as the sole treatment of hyperthyroidism are not available. In the present study we 
have evaluated the effects of one of these X-ray agents, sodium ipodate, and of stable 
iodine on serum thyroid hormone concentrations in patients with thyrotoxic Graves’ 
disease. 

SUBJECTS A N D  METHODS 

Sixteen patients with active Graves’ disease were studied. Informed consent was obtained 
in all patients. The diagnosis of Graves’ disease was established by clinical and laboratory 
evaluation. Nine patients. eight females and one male, with a mean age of 35.7 6.1 years 
(mean+ SE) were treated with 1 g sodium ipodate (Biloptin, Schering, AG Berlin; 616 mg 
iodine) administered orally each day. Seven patients, six females and one male with a 
mean age of 38.4 i 6.3 years were treated with 12 drops of saturated solution of potassium 
iodide (SSKI) (456 rng iodine) administered orally each day. The quantity of iodine in 
both preparations is far in excess of that needed to treat Graves’ disease. I t  is not known 
how much free iodine is released from the metabolism of sodium ipodate. Sodium ipodate 
and SSKI were each administered as a single dose at 0800 h for 10 d. All patients were 
hospitalized during the study and no other medications were administered. 

Blood samples were obtained before treatment (baseline) and 6 and 12 h after the 
administration of the first dose of each drug and daily thereafter until the 10th day of 
treatment and 5 d (day 15) and 10 d (day 20) after stopping therapy. Blood was obtained 
in the morning before drug administration. 

Serum samples were kept frozen at - 20 C .  T4 was measured by radioimmunoassay 
(RIA) with materials obtained from Biodata (Milan, Italy). Serum T3 and rT3 
concentrations were measured by methods previously described (Bandini e f  al., 1975; 
Roti et a/.,  1979). Serum TSH was measured with materials kindly obtained from the 
National Pituitary Agency, NIAMDDK (Bethesda, MD). Except for a few specimens 
with insufficient volume, assays were performed in duplicate with all samples for each 
subject included in the assay for that hormone. All values are reported as the mean f SE. 
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Statistical analysis of the data was conducted using the one way analysis of variance 
(ANOVA) to compare hormone variation in each study group of patients. For each 
treatment group, Duncan’s multiple range test, corrected for an unequal number of 
observations, was employed to compare hormone concentrations during and after 
treatment to baseline values (Kramer, 1956). Comparison of hormone values during the 
treatment period (days 1 to 10) between the two groups of patients was carried out by 
ANOVA. 

RESULTS 
Serum T4 concentration 

Basal serum T4 concentration in the patients treated with sodium ipodate was 15.1 i 0.7 
pgldl. During treatment, a significant decrease (F-test; P < 0.0 1) in serum T4 concentra- 
tion was observed and the lowest value was reached on the ninth day of therapy. Values on 
day 7 were significantly lower than basal values (Duncan’s test; P <  0.005). The serum T4 
concentration remained above normal in most of the patients until day 8 and in four of the 
patients on days 9 and 10. No values were below the normal range. Ten days after 
treatment was discontinued, a significant rebound increase above baseline values was 
observed (Duncan’s test; P < 0.0 1) (Table 1). 

SSKI treatment also resulted in a significant decrease (F-test; P<O.OI) in serum T4 
concentrations from 14.7 1.3 pg/dl to 7.9 & 0.9 and 7.9 A 0.8 on days 9 and 10 of therapy. 
Values on day 4 were significantly lower than basal values (Duncan’s test; P<O.O5). 
Serum T4 values decreased into the normal range, but not below, in all patients by days 9 
and 10 of SSKI therapy. No significant increase in the serum T4 concentration, as 
compared to baseline values, was observed after withdrawal of SSKI therapy (Table 1). 

Variations in the serum T4 concentration in the sodium ipodate and SSKI treatment 
groups, compared by ANOVA, were significantly different (P<O.OOI) (Fig. 1). The 
progressive decrease in serum T4 concentration was greater in the patients treated with 
SSKI. 

Table 1. Iodothyronine concentrations before and after therapy with sodium 
ipodate or SSKI 

Days off therapy 

Therapy Before therapy 5 10 

Sodium ipodate (1 gm daily) 
T4 (m/dl) 15.1 k0.7 (9)* 11.9+ 1.4 (9) 18.7k 1.7 (8)t 
1-3 (ng/dl) 40+36 (9) 219k31 (9) 512k72 (8)t 
rT3 (ng/dl) 111+15 (9) 9 4 i 1 4  (9) 110k12 (8) 

T4 (Pg/dl) 14.7k 1.3 (7) 10.1 k 1.7 (6) 14.8f2.8 (6) 
T3 (ng/dl) 402+43 (7) 284k71 (6) 396k93 (6) 
rT3 (ngidl) 93+18(7) 57+8(6) 86+19(6) 

SSKI (12 drops daily) 

* Mean +SE; numbers in parentheses represent the number of patients in each 

t P<O.01 vs before therapy values (Duncan’s test). 
group. 
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Fig. I .  The effects of sodium ipodate (0  - - - 0 )  and SSKI (0-0) administration on the serum T4 
concentration in patients with thyrotoxic Graves‘ disease. Bars show SE. F-test, P < O . O O I  

Serurz T3 coiiceiitrntion 

Basal serum T3 concentration in the patients treated with sodium ipodate was 340+ 36 
ng/dl. During treatment, a highly significant decrease (F-test; P<0.01) in serum T3 
concentration was observed as early as 12 h after the administration of the first dose of 
sodium ipodate (Duncan’s test; P < 0.01). Serum T3 concentration reached a nadir on the 
last 5 d of treatment, ranging between 79 F 7 and 85 k 10. By the fourth day, all values 
were either normal (n = 6) or below normal (n  = 3), and during the last 3 d of therapy, most 
values were subnormal. After therapy was discontinued, a significant rebound increase in 
the serum T3 concentration was observed 10 d later (day 20) (512k72; Duncan’s test; 
P<0.01) (Table 1). 

In patients treated with SSKI, the basal serum T3 concentration was 402 & 43 ng/dl. A 
significant decrease was observed during SSKI therapy (F-test; P < 0.01), reaching a nadir 
on day 10 (143 _+ 20). In contrast to the findings with sodium ipodate, serum T3 values did 
not fall below the normal range in any of the patients treated with SSKI. Serum T3 
concentrations remained elevated in all patients until day 5 and became normal in all but 
one patient on the last 2 d of therapy. No significant rebound increase in the serum T3 
concentration was observed after SSKI was discontinued (Table 1). 
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Fig. 2. The effects of sodium ipodate (0  - - - 0 )  and SSKI (0- 0 )  administration on thc serum T3 
concentration in patients with thyrotoxic Graves’ disease. Bars show SE. F-test, P<O.OOI. 
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Fig. 3. The effects of sodium ipodate (0 - - - 0 )  and SSKI (0-0) administration on the serum 
rT3 concentration in patients with thyrotoxic Graves‘ disease. Bars show SE. F-test, P < 0.00 I ,  

When analysed by ANOVA, serum T3 concentrations during treatment with sodium 
ipodate or SSKI were significantly different (P < 0.001) (Fig. 2). The progressive decrease 
in serum T3 concentrations was greater in the patients treated with sodium ipodate. 

Serum rT3 concentration 

The serum rT3 concentration increased during sodium ipodate therapy (F-test; P < O.Ol), 
from a basal value of 1 1 1 _+ 15 ng/dl to a peak value of 376 _+ 59 on day 5 (Duncan’s test; 
P < 0.01). After withdrawal of sodium ipodate, the serum rT3 concentration returned to 
baseline values (Table 1). 

In the patients treated with SSKI, serum rT3 concentrations did not vary from baseline 
values (F-test). 

The different patterns of response of the serum rT3 concentration associated with 
sodium ipodate and SSKI therapy are evident in Fig. 3. Variations in the serum rT3 
concentration in the sodium ipodate and SSKI treatment groups were significantly 
different (ANOVA; P< 0.01). 

Serum TSH concentration 

Serum TSH concentration was below the limit of detectability (0.6 pU/ml) in all subjects 
throughout. 

DISCUSSION 

The administration of iodide as sole therapy in patients with hyperthyroid Graves’ disease 
is usually not recommended unless the hyperthyroidism is mild and the thyroid gland is 
only slightly enlarged, in which case iodides can be used with caution (Hamburger, 198 1 ;  
Braverman, 198 1).  Phannacologic doses of iodide do rapidly block release of T4 and T3 
from the hyperfunctioning thyroid (Wartofsky et al., 1970). However, Emerson et al. 
(1975) have reported that iodide therapy of active Graves’ disease rarely restores the 
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serum T4 and T3 concentrations to normal and that escape from the blocking effects 
frequently occurs. Feek et al. (1980) have reported that the administration of SSKI for 10 
d in patients with thyrotoxic Graves’ disease receiving propranolol therapy did restore 
both serum T4 and T3 concentrations to normal. Iodine treatment in combination with 
antithyroid drug therapy is occasionally employed in the early treatment of hyperthy- 
roidism, especially in those patients in whom a rapid response is desired; this usually 
induces a rapid fall in the serum T3 concentration (Croxson et a/., 1977). 

Oral cholecystographic contrast media when administered to normal subjects result in 
a decrease in the serum T3 concentration and an increase in serum T4 and rT3 
concentrations (Burgi et al., 1976; Kleinmann et a/., 1980; Benget al., 1980; Suzuki et al., 
1979, 1981). In hyperthyroid patients, the administration of sodium ipodate alone or in 
combination with PTU and propranolol resulted in a more pronounced decrease in the 
serum T3 concentration than that observed employing PTU alone or PTU and 
propranolol (Wu et al., 1978 a, b, 1982; Sharp et al., 1981). The marked decrease in the 
serum T3 concentration following sodium ipodate administration is most likely due to the 
inhibition of 5’-deiodinase, decreasing the peripheral conversion of T4 to T3 (Chopra et 
a/ . ,  1978; Kaplan & Utiger, 1978; Silva et nl., 1978), and a drug induced inhibition of the 
flux of T4 from plasma into liver (Felicetta et al.,  1980). These effects are more likely to be 
related to the chemical structure of the X-ray contrast compounds rather than their iodine 
content since other X-ray contrast agents, such as diatrizoate, have little if any effect on 
serum iodothyronine concentrations in euthyroid subjects (Kleinmann et al., 1982). 
However, it is likely that the changes induced by sodium ipodate might be due, in part, to 
iodine released from the drug by deiodination in peripheral tissues. The consistent 
decrease in the thyroid radioiodine uptake associated with the administration of X-ray 
contrast media strongly suggests that deiodination of these compounds does occur in vivo 
(Grayson, 1960). 

There are few if any data available comparing the effects of iodide and sodium ipodate 
administered separately on serum iodothyronine concentrations during and after the 
short-term therapy of patients with hyperthyroid Graves’ disease. The present study did 
reveal some differences in the serum thyroid hormone responses to these two drugs. The 
decrease in serum T4 concentrations was greater in the patients receiving SSKI than in 
those treated with sodium ipodate. It is probable that the decrease in serum T4 induced by 
the iodide released from the deiodination of sodium ipodate was partially offset by the 
inhibitory effect of the drug on the peripheral conversion of T4 to T3 and on influx of T4 
from serum to liver. In contrast, the decrease in serum T3 concentration was more rapid 
and far greater in the patients treated with sodium ipodate, primarily due to the reduction 
of T3 generation from T4 induced by the drug. The marked elevation in serum rT3 
concentration during soldium ipodate therapy is also due to impaired outer ring 
5’-deiodination of rT3 resulting in impaired clearance of this iodothyronine. 

A major difference between SSKI and sodium ipodate therapy which might be of 
clinical importance is the response of the serum T4 and T3 concentrations following the 
abrupt withdrawal of therapy. Serum T4 and T3 concentrations returned to their elevated 
basal values following cessation of therapy with SSKI. In contrast, a highly significant 
rebound increase in serum T4 and T3 concentrations above basal, pretreatment values 
was observed 10 days after withdrawal of sodium ipodate. This suggests that sodium 
ipodate therapy should be used with caution as sole therapy for thyrotoxic Graves’ 
disease, a problem discussed by Costa (1979). Although Wu et al. (1978b) suggested that 
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such a rebound increase in serum T4 and T3 concentrations would not occur, no 
supporting data was given. When antithyroid drug therapy is administered with sodium 
ipodate, this rebound phenomenon would probably not occur. However, it has been 
suggested that the recurrence rate of hyperthyroidism in patients treated with antithyroid 
drugs is increased when iodine intake is high (Wartofsky, 1973). Since the iodine content 
in adipose tissue of patients given cholecystographic dyes for X-ray studies 1 year earlier 
was 15 times normal (Costa et al., 1978), it is possible that the recurrence rate in patients 
receiving antithyroid drugs and sodium ipodate would be increased. 
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