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Abstract 
For individual iodine-131 (131I) treatment dosage calculations, most 
physicians use the ‘standard dosage formula’, which requires meas-
urements of thyroid volume and thyroidal 131I uptake. The effective 
half-life of 131I (Teff) is then unjustifiably ignored. Evidence is present-
ed that the 5/24h 131I uptake ratio can be used as a surrogate param-
eter for Teff, and that it is a determinant of the 131I therapy outcome 
for patients with Graves’ disease. A correction factor based on the 
thyroidal 131I metabolism in individual patients could provide a 
means to increase the success rate of radioiodine treatment. 

Introduction 

I t is the current opinion of a majority of internists and nucle-
ar physicians in Europe that patients with Graves’ hyperthy-
roidism are best treated with anti-thyroid drugs (ATD), such 

as thiamazole or propylthiouracil (PTU). In the Netherlands this 
regimen is formalized in the Guideline for thyroid disorders, 
with specific reference to the “as low as reasonably achievable” 
(ALARA) principle as a motivation [1]. After 12-18 months medi-
cal treatment, about 50% of all patients are cured of hyperthy-
roid symptoms. Radioiodine treatment (RIT) is generally pre-
served for ATD-refractory patients. Only for patients with very 
large goiters, or when immediate results are desired, surgery 
(total thyroidectomy) is the treatment of choice. Radioidine 
treatment is a safe and effective treatment modality [2]. The 
goal of RIT in Graves’ disease is euthyroidism with or without L-
thyroxine medication. This goal can be achieved by different 
dosage regimens. Controversies over the preferred 131I dosage 
regimen for Graves’ hyperthyroidism have existed ever since 
the first therapeutic dose, notwithstanding the wealth of publi-
cations over more than six decades [3-4]. In the USA the admin-
istration of relatively high fixed dosages of 131I is the treatment 
of choice, with the aim of fast elimination of hyperthyroidism. 
Two arguments are often proposed in favour of this approach: 
a) the natural course of Graves’ disease results in late hypothy-
roidism in more than half of all patients during their life-time 
with an annual incidence of 2%-5%, [5] and b) an individualized 
approach involves additional cost and effort, viz. measure-
ments of thyroid volume and 131I uptake. However, there is an 
advantage of dose calculation over the use of a fixed dosage, 
as the only factor influencing the outcome is the radiation dose 
delivered to a certain thyroid volume [4]. An individualized cal-
culated dosage approach is a legal requirement in some Euro-
pean countries e.g. in Germany, because of radiation safety 
concerns. Most physicians in Europe and in Japan favour this 

approach, with a view to minimizing the risk of iatrogenic hy-
pothyroidism - a view that was reinforced by the finding that 
an adequate supply or endogenous production of triiodothy-
ronine, substantially enhances patients’ well-being [6]. 

Individualized RIT dosage schemes
For individualized dosage calculations most physicians use the 
standard dosage formula also called becquerel-per-gram for-
mula: D=V*100/U*C, where D is the treatment dosage in MBq, 
V equals the thyroid volume in ml, U represents the 131I uptake 
percentage, usually at 24h after a test dose, and C is a constant 
(usually 3.7MBq/ml) [7]. The standard dosage formula har-
bours one important flaw: the residence time of 131I, which has 
great bearing on the radiation dose delivered to the thyroid, is 
considered to be constant. In actual fact the biological half-life 
of thyroidal 131I in patients with Graves’ disease varies consid-
erably, roughly between 1 and 8 days. A short biological half-
life is associated with a reduced thyroidal iodine pool [8, 9]. In 
individual patients with Graves’ hyperthyroidism substantial 
changes in 131I uptake are observed over relatively short peri-
ods of time. Moreover, the metabolic rate of thyroidal 131I (radi-
oiodine turnover rate) isn’t constant [10]. The common prac-
tice of a single 131I uptake measurement (at 24h) doesn’t pro-
vide information about the 131I turnover rate [11, 12]. It is often 
argued that measurements of Teff are tedious; it has been sug-
gested that up to 10 measurements over a 7-day period are re-
quired. Some years ago Aktay et al. (1996) demonstrated that 
a two-point measuring scheme at 4h and 24h after a 131I test 
dose can serve as an alternative to traditional measurements 
of Teff [12]. This very interesting study, however, did not pro-
vide practicable adjustments to current dosage methods.

The 131I turnover rate as a determinant of the 
clinical outcome of RIT
At the University Medical Center Utrecht we established a 
strong association between the 131I turnover rate measured be-
fore RIT and the clinical outcome (Fig. 1) [13]. In patients treated 
with 3.7MBq/ml and using the standard dosage formula, only a 
small overlap was observed between hypothyroid, euthyroid, 
and recurrent hyperthyroid outcome groups. In other words 
the 131I turnover rate, defined as the 5/24h uptake ratio, is an 
important determinant of the clinical outcome.
 A similar analysis was done in a group of patients with 
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Graves’ hyperhyroidism who had been administered a dou-
ble 131I dosage (i.e., 7.4MBq 131I/ml). Again the correlation be-
tween the clinical outcome and the pre-treatment turnover 
rate was evident (Fig. 2). 
 An analysis in the euthyroid outcome patient groups of the 
administered dosage vs. the mean turnover rate for each of the 
two dosage groups (Fig. 3) leads to an interesting perspective. 
 A linear relation between the two points can be ruled out, 
as this would result in negative 131I treatment dosages for pa-
tients with turnover rates below about 0.70 (Fig. 4).
 Survival curves for cells treated with external beam irradi-
ation characteristically are sigmoidal (S-shaped) curves [14, 
15]. We propose that the same applies for thyrocyte popula-
tions after RIT (Fig. 5). 
 An S-shaped curve can be described mathematically if 
four points on the curve are known. With the two measuring 
points obtained from the earlier studies, we only need to 
know the (asymptotic) minimum and maximum to define the 
curve. Even though these asymptotic limits cannot be actual-
ly measured, reasonable values can be chosen on the basis of 
clinical experience. We know from the literature that few phy-
sicians have ever considered therapeutic dosages below 
2MBq/ml. Likewise, dosages over 9MBq/ml are considered in-
appropriate by a vast majority. When we use these values as 

limits for the curve, and plot the dependent variable on the 
ordinate, the following result is obtained (Fig. 6). 
 For practical purposes the actual values for the limits aren’t 
of decisive importance. Mathematical excercises show that 
even a 2MBq extension of the limits results in significantly dif-
ferent treatment dosages only in cases of extreme turnover 
rates, such as were encountered in less than 3% of all patients. 
 The individually required 131I dosage can now be read 
from the curve. If for instance the measured 5/24h ratio in a 
given patient is 0.87, it follows from the curve that the re-
quired dosage equals 5.6MBq/ml (Fig. 7). 
 With regard to the standard dosage formula this implies 
that the constant “C” is replaced by a correction factor “F”. For 
practical purposes the mathematical data representing the 
sigmoidal curve can be fed into a spread sheet; after entering 
the individually observed turnover ratio, the correction factor 
F is automatically calculated and displayed in MBq/ml (Fig. 8).
 In this spread sheet cells B1 and B2 represent the lower 
and upper limits of the curve (2 and 9MBq/ml, respectively). 
Cells B3 and B4 contain the uptake ratio (0.82) and dosage 
(3.7MBq/ml) as observed in the patients who became euthy-
roid after single-dosage RIT; cells B5 and B6 contain the corre-
sponding data from double-dosage patients. When the actu-
al, individually observed 5/24h 131I uptake ratio (in this exam-
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Figure 1. The clinical outcome 
(ordinate) as a function of the 
pre-therapeutic 131I turnover rate 
(abscissa) after treatment with 
3.7MBq 131I/ml. Means are pre-
sented for each of the three out-
come groups; bars indicate 95% 
confidence intervals.

Figure 2. The clinical outcome 
(ordinate) as a function of the 
pre-treatment 131I turnover rate 
(abscissa) after treatment with 
7.4MBq 131I/ml.

Figure 3. Diagrammatic representation of the 
mean turnover rate versus the administered 
dosage (MBq/ml) in patients with a euthyroid 
outcome after RIT.

Figure 4. A linear relation between the two meas-
uring points would yield impossible results (nega-
tive 131I treatment dosage for ratios below 0.70). 

Figure 5. Proposed S-shaped dose-effect re-
lationship.
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take measurements alike. The efficacy of 
RIT under continued ATD medication is 
reduced: not only by a lower uptake and 
shorter half-life of radioiodine, but by a 
heterogeneous energy dose distribution 
within the thyroid also. Discontinuation 
of combination treatment (ATD and lev-
othyroxine) for 3-5 days before RIT 
through 3-5 days after RIT is advised, in 
order to restore the efficacy of radioiod-
ine treatment [1, 16-20]. A recommenda-
tion in conformity with the Dutch guide-
line to preserve RIT for patients who are 
not cured after 12-18 months ATD medi-
cation constitutes a negative selection, 

because both for ATD and for RIT the success rate decreases 
with increasing thyroid volumes [1, 21, 22].
 When more sophisticated individual dosage calculations 
are being applied, the standardization of thyroid volume 
measurements and 131I uptake measurements becomes more 
pertinent. Also the accuracy of the measurements must be 
optimized. Thyroid scintigraphy is used to differentiate be-
tween different causes of thyrotoxicosis, and it facilitates the 
choice of the preferred therapeutic intervention. Scintigraphic 
volume measurements have been used ever since the intro-
duction of the so-called Himanka formula [23]. However, scin-
tigraphic volume estimates are off by 30% on average, [23,24] 
which is only slightly better than for volume estimates by pal-
pation. Therefore, they are simply not suitable for this pur-
pose. An easy, practical, and accurate alternative is ultrasound; 
the mean error with this modality is less than 5% [24, 25].
 Radioiodine uptake measurements serve a single purpose, 
viz., to facilitate the calculation of the required therapeutic 131I 
activity for patients who are scheduled for RIT. Consequently 
131I is the only suitable tracer for thyroidal iodine uptake meas-
urements. A very small tracer amount (4MBq) suffices for use 
with a dedicated thyroid probe. A 131I source, placed in an an-
thropomorphic neck phantom, is used as a reference for the in 
vivo measurements. Measurements should be done under 
strictly standardized conditions, which include regular calibra-
tion and quality controls of the thyroid probe, proper patient 
preparation (no excess iodine intake), and standardized meas-
uring conditions such as geometry and background radiation 
levels. Iodine-131 uptake measurements should be performed 
under identical conditions as RIT; most importantly, thyroid 
medication should be withheld for identical periods. Recent 
scintigraphic procedures, especially involving 131I radiophar-
maceuticals, lead to falsely increased uptake percentages [26].
 At many institutions the 131I uptake is measured only at one 
time-point (usually 24h) after ingestion of the tracer activity. 
However, a single measurement is not indicative of the resi-
dence time of thyroidal 131I, which is proportional to the ab-
sorbed radiation dose and thus to the clinical effect of the treat-
ment. Measurements at dual time points (e.g., at 5 and 24h) al-
low an estimation of the radioiodine turnover rate, which may 
lead to more accurate calculation of the required 131I dosage.

ple: 0.87) is entered in cell B9, the factor F (in this example: 
5.7MBq/ml) is displayed in cell B10. The mathematical expres-
sion of cell B10 is: fx = B1+(B2-B1)/(1+EXP((B8-B9)/B7)).
 The factor F is then entered in the ‘revised standard dos-
age formula’: D=V*100/U*F, where D is the treatment dosage 
(MBq), V equals the thyroid volume (ml), U represents the 24h 
131I uptake percentage, and F is a correction factor (for the pa-
tient in our example: 5.7MBq/ml).
 Cells B7 and B8 contain the mathematical data for the def-
inition of the sigmoidal curve:
B7: fx = 1/(10*(LN((B2-B4)/B4-B1))-LN((B2-B6)/(B6-B1)))); 
B8: fx = 0.82+B7*LN((B2-B4)/(B4-B1)). 

Discussion 
After 65 years of experience with RIT for Graves’ disease, clini-
cal research has been able to identify most parameters that 
influence the clinical outcome. However, even today there is 
no dosage formula that covers all these parameters. The fre-
quently used standard dosage formula doesn’t account for 
differences in Teff of thyroidal 131I in individual patients. The 
5/24h uptake ratio (131I turnover rate) is a strong indicator of 
the outcome, and it can be used as a surrogate parameter for 
Teff. Practicable correction factors are now available for a 
temptative revision of the standard dosage formula. 
 For optimal RIT dosage calculation in patients with Graves’ 
hyperthyroidism, other issues must also be observed.
   When patients are scheduled for RIT, thyroid medication 
should be withheld during 131I treatment and during 131I up-

Figure 6. The dependent variable is plotted on 
the ordinate, and lower and upper dosage limits 
2 and 9MBq/ml, respectively are introduced.

Figure 7. Any observed turnover rate corre-
sponds with the required dosage per ml.

Figure 8. 
Spread sheet 
for individual 

dosage calcu-
lation (for 

mathematical 
data: see text).
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 The 131I uptake percentage is variable over time. Especial-
ly in patients with Graves’ hyperthyroidism, the variations in 
disease activity result in widely varying measurements within 
days or weeks. Therefore it is mandatory to do the uptake 
measurements shortly before RIT; the optimal interval is 2 
days or less. A secondary advantage of this regimen is that 
thyroid medications have to be withheld only once. 
 One final issue should be addressed, i.e., the inverse rela-
tion between radiation sensitivity and goiter size. Already in 
1975 DeGroot reported that larger thyroid volumes need to 
be treated with higher dosages per volume unit (MBq/ml) 
[27]. This was confirmed by others [22, 28, 29]. It seems fair to 
assume that the dose-effect relationship also for this parame-
ter is best represented by an S-shaped curve. Further study is 
warranted to approve or to disapprove this assumption. 
 The volume data used in our study groups were obtained 
from scintigraphic measurements. As we have shown, such 
measurements are inaccurate [23, 24]. Secondly, no allowances 
were made for the decreased radiation sensitivity of larger goit-
ers. In spite of these confounders, the pre-therapeutic 5/24h 
uptake ratio was a strong predictor of the outcome of 131I treat-
ment. The number of euthyroid outcomes after one 131I treat-
ment could possibly be increased when a compensation factor, 
based on the uptake ratio, is included in the standard dosage 
formula. Only through large prospective, and preferably multi-
center studies it can be determined whether the promise of 
further dosage optimization can indeed be fulfilled. 

Acknowledgement
The mathematical approach for individual dosage calculation 
was developed by Cas Kruitwagen, B.Sc., at the Centre for Biosta-
tistics, Utrecht University, The Netherlands. 

Bibliography
Muller AF, Berghout A, Wiersinga WM et al. Working Group Thyroid 1. 
Function Disorders of the Netherlands Association of Internal Medi-
cine. Thyroid function disorders-Guidelines of the Netherlands Asso-
ciation of Internal Medicine. Neth J Med 2008; 66: 134-142.
Shapiro B. Optimization of radioiodine therapy of thyrotoxicosis: what 2. 
have we learned after 50 years? J Nucl Med 1993; 34: 1638-1641.
Van Isselt JW, de Klerk JMH, Lips CJM. Radioiodine treatment of 3. 
hyperthyroidism: fixed or calculated doses; intelligent design or sci-
ence? Eur J Nucl Med Mol Imaging 2007; 34: 1883-1884.
Lind P. Strategies of radioiodine therapy for Graves’ disease. 4. Eur J Nucl 
Med 2002; 29(suppl 2):S453-S457.
Nygaard B, Hegedüs L, Gervil M et al. Influence of compensated radi-5. 
oiodine therapy on thyroid volume and incidence of hypothyroidism 
in Graves’ disease. J Int Med 2009; 238: 491-497.
Bunevicius R, Kazanavicius G, Zalinkevicius R, Prange A. Effects of thy-6. 
roxine as compared with thyroxine plus triiodothyronine in patients 
with hypothyroidism. N Engl J Med 1999; 340: 424-429.
Harbert JC. Radioiodine therapy of hyperthyroidism. In: Harbert JC, 7. 
Eckelman WC, Neumann RD, Eds. Nuclear Medicine Diagnosis and 
Therapy. New York: Thieme Medical Publishers, 1996: 951-974.
Becker DV, Hurley JR. Radioiodine treatment of hyperthyroidism. In: 8. 
Sandler MP, Coleman RE, Wackers FJTh et al. Eds. Diagnostic Nuclear 
Medicine, 3rd edn, vol 2. Baltimore: Williams & Wilkins, 1988: 943-958.
Sisson JC. Treatment of hyperthyroidism. In: Wagner HN Jr, Szabo Z, 9. 
Buchanan J, Eds. Principles of Nuclear Medicine, 2nd edn. Philadelphia: 
WB Saunders Co, 1995: 621-628.

Van Isselt JW, de Klerk JMH, Koppeschaar HPF, van Rijk PP. Iodine-131 10. 
uptake and turnover rate vary over short intervals in Graves’ disease. 
Nucl Med Commun 2000; 21: 609-616.

Berg GEB, Michanek AMK, Holmberg ECV, Fink M. Iodine-131 treat-11. 
ment of hyperthyroidism: significance of effective half-life measure-
ments. J Nucl Med 1996; 37: 228-232.

Aktay R, Rezai K, Seabold JE et al. Four- to twenty-four-hour uptake 12. 
ratio: an index of rapid iodine-131 turnover in hyperthyroidism. J Nucl 
Med 1996; 37: 1815-1819.

Van Isselt JW, Van Dijk A, Lips CJM et al. The outcome of radioiodine 13. 
treatment in Graves’ disease is determined by the 131I turnover rate 
and by the timing of 131I uptake measurements. In: Van Isselt JW. Dos-
age assessment for radioiodine therapy in benign thyroid disorders 
(Ch. 6). Utrecht: University Utrecht, 2001: 93-105. http://igitur-archive.
library.uu.nl/dissertations/1941365/inhoud.htm

Webb S, Nahum AE. A model for calculating tumour control probability 14. 
in radiotherapy including the effects of inhomogeneous distributions 
of dose and clonogenic cell density. Phys Med Biol 1993; 38: 653-666.

Brahme A. Dosimetric precision requirements in radiation therapy. 15. 
Acta Radiol Oncol 1984; 23: 379-391.

Dunkelmann S, Kuenstner H, Nabavi E et al. Change in the intrathyroi-16. 
dal kinetics of radioiodine under continued and discontinued antithy-
roid medication in Graves’ disease. Eur J Nucl Med Mol Imaging 2007; 
34: 228-236.

Andrade VA, Gross JL, Maia AL. Effect of methimazole pretreatment 17. 
on the efficacy of radioactive iodine therapy in Graves’ hyperthy-
roidism: one-year follow-up of a prospective randomized study. J Clin 
Endocrinol Metab 2001; 86: 3488-3493.

Braga M, Walpert N, Burch Hb et al. The effect of methimazole on 18. 
cure rates after radioiodine treatment for Graves’ hyperthyroidism: a 
randomized clinical trial. Thyroid 2002; 12: 135-139.

Bonnema SJ, Bennedbaek FN, Veje A et al. Propylthiouracil before 19. 131I 
therapy of hyperthyroid diseases: effect on cure rate evaluated by a 
randomized clinical trial. J Clin Endocrinol Metab 2004; 89; 4439-4444.

Turton DB, Silverman ED, Shakir KM. Time interval between the last 20. 
dose of propylthiouracil and 131I therapy influences cure rates in 
hyperthyroidism caused by Graves’ disease. Clin Nucl Med 1998; 23: 
810-814.

Laurberg P, Hansen PEB, Iversen E et al. Goitre size and outcome of 21. 
medical treatment of Graves’ disease. Acta Endocrinol (Copenh) 1986; 
111: 39-43.

De Bruin TWA, Croon CDL, de Klerk JMH, van Isselt JW. Standardized radi-22. 
oiodine therapy in Graves’ disease: the persistent effect of thyroid weight 
and radioiodine uptake on outcome. J Int Med 1994; 236: 507-513.

Himanka E, Larsson L. Estimation of thyroid volume. 23. Acta Radiol 1955; 
43: 125-131.

Van Isselt JW, Beekman FJ, Kamphuis C et al. Comparison of methods 24. 
for thyroid volume estimation in patients with Graves’ disease. Eur J 
Nucl Med Mol Imaging 2003; 30: 525-531.

Miccoli P, Minuto MN, Orlandine C et al. Ultrasonography estimated 25. 
thyroid volume: a prospective study about its reliability. Thyroid 2006; 
16: 37-39.

Van Isselt JW, Oldenburg-Lichtenberg PC, Van Rijk PP. Suspected thy-26. 
roid stunning after 131I scanning in a patient with a diffuse goiter. Hell 
J Nucl Med 2004; 7: 210-211.

DeGroot LJ, Stanbury JB. Graves’ disease: diagnosis and treatment. In: 27. 
DeGroot LJ, Stanbury JB, Eds. The Thyroid and its Diseases, 4th edn. 
New York: John Wiley & Sons, 1975: 314-367.

Leslie WD, Ward L, Salamon EA et al. A randomized comparison of ra-28. 
dioiodine doses in Graves’ hyperthyroidism. J Clin Endocrinol Metab 
2003; 88: 978-983.

Alexander EK, Larsen PR. High dose 29. 131I therapy for the treatment of 
hyperthyroidism caused by Graves’ disease. J Clin Endocrinol Metab 
2002; 87: 1073-1077.

[

5 C Y M B

 C Y M B

 C Y M B

 C Y M B


