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Context: To evaluate treatment success and hypothyroidism following main methods of radioiodine therapy of toxic nodular goiter
(TNG); calculated versus fixed dose and high versus low dose of radioiodine.
Evidence Acquisitions: We searched MEDLINE and SCOPUS databases from inception till July 2013, for clinical trials that compared two
different methods of radioiodine administration in TNG. The trials were classified into two groups, those that compared fixed versus
calculated dosimetry method and those that assessed high fixed dose versus low fixed dose method. Treatment response was defined as
euthyroidism or hypothyroidism, one year after radioiodine administration. We calculated the risk ratio and risk difference of treatment
response as well as permanent hypothyroidism as outcome variables. Random effects model was used for data pooling.
Results: The literature search yielded 2538 articles. Two randomized and five non-randomized clinical trials with 669 patients met the
eligibility criteria for the meta-analysis. Patients with TNG who were treated according to the calculated method had 9.6% higher cure rate
(risk ratio=1.17) and only 0.3% more permanent hypothyroidism compared to patients treated with the fixed dose method. There was no
significant difference in the amount of administered radio-iodine in the two groups. Patients treated with fixed high dose had 18.1% more
cure rate (risk ratio = 1.2) and 23.9% more permanent hypothyroidism (risk ratio = 2.40) compared to patients treated by fixed low dose
protocols.
Conclusions: Calculated radioiodine therapy may be preferred to fixed dose method in patients with TNG. High dose methods are
associated with more response and more hypothyroidism.
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1. Context

Hyperthyroidism is a common disorder throughout the
world and graves’ disease and toxic nodular goiter (TNG)
are the most common causes of hyperthyroidism (1). Although most physicians consider radioiodine as the first
line of treatment for TNG, there is no consensus regarding the optimum dose of radioiodine (I-131) (2).
Generally, four different strategies for radioiodine treatment of hyperthyroidism can be identified in the literature; fixed high dose (FHD), fixed low dose (FLD), calculated high dose (CHD) and calculated low dose (CLD). Most
studies reported the result of I-131 therapy using only one
of these methods (3). A few studies have compared two
different methods of I-131 therapy in a clinical trial (4, 5).
Fixed dose method is the simplest method and effective
in treatment of patients with TNG, however there is no

strong correlation between administered dose and delivered dose to thyroid (6, 7). A survival study for fixed
dose treatment showed that only 13% of patients with
toxic adenoma who received 555 MBq of I-131 (low dose)
remained hyperthyroid within one year after this dose
(8) while another study found similar results with higher
doses of I-131 (888-1110 MBq) (9). Comparison of these two
articles suggests that a significant number of patients in
the second study may be over treated (10). Treatment of
hyperthyroidism with high dose of I-131 causes early cure
of hyperthyroidism in majority of patients, however this
is associated with higher rate of hypothyroidism as well
(5). Low dose of I-131, on the other hand, may result in delayed improvement of hyperthyroidism and the patient
will be at risk of cardiovascular complication (11). The aim
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Radio-iodine therapy of the hyperthyroidism is one of the very common procedures with significant controversy in methodology. The present metaanalysis helps to bring consensus in some aspects of radio-iodine therapy of toxic nodular goiter. It has the potential to decrease the radiation dose to
patients in particular and to the society in general without affecting success rate of the treatment.
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of this systemic review and meta-analysis was to compare
treatment success as well as rate of hypothyroidism of
fixed versus calculated dose and high versus low dose I-131
therapy in patients with TNG.

2. Evidence Acquisition

We searched Medline and Scopus from their inception
till end of July 2013 for clinical trials that compared two different methods of I-131 administration in TNG. The search
term consisted of “(thyrotoxicosis OR hyperthyroid OR
toxic OR hot OR Plummer) AND (adenoma OR Nodul*) AND
(iodine OR 131)”. No language limitation was considered
and reference lists of all included articles and relevant reviews were evaluated for additional relevant articles. Two
researchers (H.R and Z.M) searched the resources separately and coordinated with a third researcher (R.Z). Data abstraction was done with the following criteria; 1- Exclusion
of review articles, editorials and meeting abstracts. 2- Inclusion of all controlled trials regardless of randomization
process. Any article that could not be categorized according to title and abstract was reviewed completely, by the
researchers. We divided activity selection methods in two
groups: fixed dose or calculated dosimetry. We also classified the amount of I-131 prescribed to high dose or low
dose. Primary outcome was the frequency of treatment
success. Cure was defined as euthyroidism or permanent
hypothyroidism, one year after treatment. Hypothyroidism was defined in all articles as high serum TSH and low
serum T4 level. Euthyroidism was defined as normal TSH
and normal serum T4 and serum T3. Hyperthyroidism was
defined as suppressed TSH in the presence of elevated T4
or T3. Subclinical hyperthyroidism was defined as suppressed TSH with normal serum T4 and T3 levels. Subclincal hypothyroidism was defined as elevated TSH with normal serum T4 and T3 level.

2.1. Statistical Analyses

Considering the heterogenous nature of the included
studies, random effects model (DerSimonian and Laird
method) was used to pool the data. Two effect sizes namely risk ratio and risk difference were used for pooling the
data. For heterogeneity evaluation, Cochrane Q test and
I2 index were used and P < 0.05 was considered statistically significant. Funnel plot as well as Egger’s regression
intercept method was used for publication bias evaluation. All analyses were performed using Comprehensive
Metaanalysis software (V 2.2.050, USA).

3. Results

The literature search yielded 2538 articles (989 articles
from Pubmed and 1549 articles from Scopus) from which
739 studies were indexed in both resources and 474
studies were congress abstracts, editorial letters, review
articles, animal studies and children studies that were
excluded (Figure 1). The remaining 1325 articles were eval2

uated by title and abstract and 1146 studies were irrelevant and discarded. Abstracts of all other articles (n = 179)
were evaluated and any article reporting I-131 treatment
in two or more groups was fully reviewed. The full text
of all possibly relevant articles was obtained. Two randomized and three non-randomized clinical trials were
considered for full review; two extra studies were found
after searching the references of included trials. Finally
seven articles (Two randomized and five non-randomized
trials) including 669 patients with TNG met the eligibility
criteria for analysis (Table 1).
The analysis was performed for comparison of FLD versus FHD regimens as well as calculated versus fixed dose
(regardless of low or high) regimens. It should be noted
that in one study, patients with single toxic adenoma
were randomized into four groups and both calculated
versus fixed dose and low versus high dose of I-131 were
compared (5). Data from each part of this study was
entered separately. In three studies only multinodular
toxic goiters were included (12-14). Three studies comparing fixed dose (FD) versus calculated dose (CD), included both Graves’ disease and TNG (4, 15, 16). In recent
studies we extracted data for patients with toxic multinodular goiter and only analyzed that part of the trial.
Only two trials compared FHD and FLD of I-131 treatment
(5, 12). In other studies the calculated and fixed dose
methods of radioiodine therapy were compared. Cure
of hyperthyroidism was defined as hypothyroidism or
euthyroidism one year after therapy. Studies with calculated dosimetry method evaluated thyroid volume by
palpation (5), ultrasonography (4, 16) or thyroid radioisotope scanning (13, 14). Appraisal of the articles (Table
2) was done using Oxford University table for critical
appraisal for therapy studies (http://www.cebm.net/index.aspx?o= 1097 Accessed Nov 2012), separately, by two
physicians.

3.1. Calculated Versus Fixed Dose Method

The risk ratio of cure of hyperthyroidism was 1.17 (0.951.45) for CD versus FD method with a risk difference of
9.6% (-4%-23.4%), P = 0.17 (Figure 2). This means that patients treated with CD responded to I-131 therapy 9.6%
points more than patients treated with the FD method.
Cochrane Q test showed significant heterogeneity between the studies (I2 = 77.2%, P = 0.001.). Funnel plot of
the analysis showed minimal asymmetry. Also Egger’s
regression intercept was -2.7 with p value of 0.09 concordant with funnel plot findings. Two studies used very
high dose in calculated group on one hand and multiple
small fixed doses (150 MBq) on the other hand (13, 14). Excluding these two studies, risk ratio was 0.98 (0.89-1.07,
P = 0.6) for CD versus FD method with a risk difference
of -1.7% (-9% -6%, P = 0.6). This means that cure of hypothyroidism was 1.7% points less for the CD method compared to the FD strategy. Permanent hypothyroidism
was analyzed for CD versus FD methods and the results
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showed a risk ratio of 0.87 (0.53-1.42) and a risk difference of 0.3% (-4%- 5%, P = 0.8). This indicates that patients
treated with calculated method have 0.3% points less
permanent hypothyroidism than patients treated with
fixed dose. Forest plot of pooled risk difference is shown
in Figure 3.

model for pooling the data due to clinical heterogeneity
among the studies, as mentioned above.

3.2. High Dose Versus Low Dose Method

The risk ratio for cure of hyperthyroidism was 1.22 (1.061.41) comparing high dose (HD) versus low dose (LD)
methods (P = 0.006). Risk difference analysis showed
that patients treated with HD were cured 18.1% (8%-27.6%)
points more than patients treated with LD of I-131 (P <
0.001), (Figure 4). Cochrane Q test failed to show any
heterogeneity between studies (P = 0.39). Looking only
at FHD versus FLD group, risk difference increased 21.5%
points in high versus low dose protocols (95% CI: 0.080.34, P = 0.001). The risk ratio of permanent hypothyroidism was 2.40 (1.36-4.21) for HD versus LD (P = 0.002).
The risk difference for development of hypothyroidism
between patients treated with HD versus LD of I-131 was
23.9% (1%-46.7%, P = 0.041), (Figure 5). Again, analysis of
FHD versus FLD protocols, yielded in a risk difference of
13% (0.1-25.8%) points in favor of high dose (P = 0.04).

4. Conclusions

In the present meta-analysis, treatment of hyperthyroidism by I-131 using fixed or calculated dose methods
as well as fixed low versus fixed high dose methods in
patients with TNG was compared. Although different
methods yielded in successful treatment in the majority of patients with hyperthyroidism, our study showed
more successful therapy for CD compared to FD method.
Interestingly, permanent hypothyroidism was not significantly different between calculated and fixed dose regimens. Comparing low and high dose I-131 protocols, HD
regimen, treated patients 18.1% more than LD regimen.
However permanent hypothyroidism was also 23.9%
more common in HD regimen. We used random effects

Figure 1. Flowchart of Study Inclusion in the Meta-Analysis

Table 1. Characteristics of Included Studies a
First Author

Zakavi et al. (5)
Jarlov et al. (4)
Kok et al. (15)

Khanna et al. (14)
Sonmez et al. (12)

Huysmans et al. (13)
Ustun et al. (16)

Origin

Iran
Denmark

Netherland
India

Turkey

Year Pub- S t u d y Diagnosis Mean Follow up Number of Dosimetry Methods Method of Thy- M e a n
lished
Design
Months, Range
Patients
roid
Weight activity
Estimation
(MBq)
2009
1995

RCT

TA

14 (2-49)

97 cd/fd

RCT

GD,TMG

12

62/49 cd/fd

Non-RCT

TMG

(46-58)

55/75 cd/fd

2000

Non-RCT

1996

GD,TMG

Netherland

1993

2011

Non-RCT

Turkey

2005

Non-RCT GD, TMG,TA 6 - 1 3 4 ( T A )
7-122(TMG)

Non-RCT

TA,TMG

12

TMG

17

62

68/42 cd/fd

35/58 fl/fh

ETWx DA/ 24hr RAIU
ETWx DA/ 24hr RAIU

ETW x DA/ 24hr RAIU
ETW x DA/ 24hr RAIU
Fixed

58/45 cd/fl

ETWx DA/ 24hr RAIU

47/26cd/fl

ETWx120uci/24RAIU

Palpation
US

388/692/
481/832
316/324

Palpation

774/624

NA

370/740

US

445/370

Nuclear imaging

N/A

Nuclear imag- 470/371 b
ing

a Abbreviations: cd, Calculated dose; DA, dose administered; ETW, Estimated thyroid weight; fd, Fixed dose; fh, Fixed high dose; fl, Fixed low dose; RAIU,
Radioactive Iodine uptake; RCT, randomized controlled trial; TA, toxic adenoma; GD, Graves’ Disease; TMG, toxic multinodular goiter; N/A, Not Available;
US, Ultrasonography.
b Normalized for thyroid weight.
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Table 2. Quality Assessment of the Included Studies a,b
First author
Sonmez (12)

Huysmans (3)
Khanna (14)
Zakavi (5)
Jarlov (4)
Kok (15)

Ustun (16)

Randomization

Similarity Between Groups

Equal Treatment Apart From I-131

Lost to Follow Up

No

no

no

0

No

no

no

1.7

No

no

no

N/A

Yes

yes

yes

37.1

Yes

no

no

26.3

No

no

yes

12.1

No

no

yes

N/A

a Abbreviation: N/A, Not available.
b Data are presented as %.

Figure 2. Forest Plot of Risk Difference of Cure of Hyperthyroidism in Different Studies Comparing Fixed Versus Calculated I-131 Dose

The black squares are risk differences of individual studies and their sizes correspond to the sample size. Lines crossing each square represent 95% CI. The
black diamond is the pooled risk difference of the included studies.
Figure 3. Forest Plot of Risk Difference Between Fixed and Calculated Methods Regarding Permanent Hypothyroidism

As it can be seen there is no significant difference between these two techniques on permanent hypothyroidism.
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Figure 4. Forest Plot of Risk Difference of Cure of Hyperthyroidism in Different Studies Comparing High Versus Low Dose of Radio-Iodine

The high dose method results in significantly higher number of responses compared to the low dose method.
Figure 5. Forest Plot of Risk Difference of Permanent Hypothyroidism in Different Studies Comparing High Versus Low Dose of Radio-iodine

The high dose protocols result in 23.9% more permanent hypothyroidism.

There was heterogeneity among studies regarding definition of low or high dose either in fixed protocols or
calculated methods. The low dose ranged from 148 MBq
to 555 MBq in fixed methods and from 1.23 MBq/g to 4.4
MBq/g in calculated dose protocols. The high dose ranged
from 600-1200 MBq in fixed methods and 5.5-7.4 MBq/g in
calculated dose protocols. Not all investigators used a defined fixed dose of I-131,some authors used different doses
depending on the size of thyroid with increasing dose in
larger volumes (17). One study used different doses for
single nodular goiter and multinodular goiter (4). Even
more complicating, one author used multiple small doses of I-131 in 6 months intervals (13). Also, method of determination of thyroid volume was not uniform among
the studies. Anti-thyroid drugs had been discontinued
in patients from 2-7 days before I-131 therapy in different
studies. Radioactive iodine uptake (RAIU) was measured
in all studies except one which applied fixed dose without measurements of RAIU (12).
de Rooij et al. in a meta-analysis of patients with hyperthyroidism, including both nodular and diffuse goiters,
found no significant difference between calculated and
fixed dose regimens (11). The advantage of our study compared to previous meta-analysis was that new studies
Int J Endocrinol Metab. 2014;12(2):e14424

were added and we analyzed studies of nodular goiters
only and excluded diffuse goiters.
Considering total administered dose, we have lower
dose in calculated methods compared to fixed dose
methods in two studies (465.3 vs 545.6 MBq) and higher
dose in calculated methods in another two studies (609.5
vs 497 MBq). Two other studies compared very high dose
in calculated group with multiple fixed small doses (13,
14). Overall the mean administered dose in calculated
method was 523.0 ±199.1 MBq and in fixed dose method
was 526.0 ± 206.4 MBq. Considering higher response rate
in calculated protocols compared to fixed dose method,
this finding suggests that the calculated method may
have the potential to treat more patients compared to
fixed dose methods with same amount of I-131 administration. This is not surprising as thyroid dose is more scientifically determined in calculated method compared
to the fixed method (18). The calculated method may be
more acceptable considering as low as reasonably achievable (ALARA) principle and an increasing desire for lowering annual dose of the general population.
The goal of treatment of hyperthyroidism is to bring
patients to the euthyroid state (19), however after I-131
therapy a significant number of patients become hypo5
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thyroid. Hypothyroidism may be transient (usually 2-4
months after therapy) or permanent. In young patients,
permanent hypothyroidism is associated with long-term
replacement therapy with thyroid hormones with its
consequences on quality of life. Therefore optimal I-131
dose should also be associated with low incidence of
permanent hypothyroidism. In our analysis, permanent
hypothyroidism was 23.9% higher in FHD regimens compared to low dose strategies although cure rate was only
18.1% more in high dose methods. As a result, permanent
hypothyroidism should always be considered in patients
when treated with high dose of I-131 and may be more acceptable in treatment of old patients. Interestingly, in the
calculated method, permanent hypothyroidism was only
0.3% more frequent compared to fixed dose regimens
while cure rate was 9.6% higher in CD compared to FD
strategies.
The trials were from different countries and although
there was some heterogenisity in methodology in different studies, the result of this study can be generalized for
other areas provided that randomization was observed.
Using odds ratio may interfere with generalizability of
the meta-analysis, thus we used risk difference and relative risk in our analysis (20).
Heterogeneity is the main shortcoming of meta-analysis of I-131 therapy in patients with hyperthyroidism. Absence of consensus either on high dose or low dose definition or thyroid volume determination methods as well
as ignoring biologic half life of I-131 and non randomized
grouping of the patients in different arms are among the
main shortcomings of the studies in this field. Follow up
of patients in this study was limited to one year, which
may be considered as another limitation. We need large
multicenter randomized trials to draw a robust conclusion.
Our study suggests that calculated method may be
more appropriate for I-131 therapy of patients with TNG
compared to fixed dose methods. Also higher doses are
associated with more response, as well as more permanent hypothyroidism.

Acknowledgements

Funding/Support
This research was supported by a fund from the Vice
Chancellor of Research of Mashhad University of Medical
Sciences.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.

12.
13.
14.

15.

None declared.

Authors’ Contribution
Haleh Rokni and Zohreh Mousavi: literature search,
data abstraction and manuscript writing. Ramin Sadeghi: study design, data abstraction and statistical analysis. Seyed Rasoul Zakavi; initial concept, study design,
literature search, statistical analysis and manuscript
writing. Giorgio Treglia; study design, statistical analysis,
critical review of the manuscript, editing and revision.

Financial Disclosure

There is no conflict of interest that could be perceived
as prejudicing the impartiality of the reported research.
6

16.

17.

18.

19.
20.

Reiners C, Schneider P. Radioiodine therapy of thyroid autonomy. Eur J Nucl Med Mol Imaging. 2002;29 Suppl 2:S471–8.
Vaidya B, Williams GR, Abraham P, Pearce SH. Radioiodine treatment for benign thyroid disorders: results of a nationwide survey
of UK endocrinologists. Clin Endocrinol (Oxf). 2008;68(5):814–20.
Huysmans DA, Corstens FH, Kloppenborg PW. Long-term followup in toxic solitary autonomous thyroid nodules treated with
radioactive iodine. J Nucl Med. 1991;32(1):27–30.
Jarlov AE, Hegedus L, Kristensen LO, Nygaard B, Hansen JM. Is calculation of the dose in radioiodine therapy of hyperthyroidism
worth while? Clin Endocrinol (Oxf). 1995;43(3):325–9.
Zakavi SR, Mousavi Z, Davachi B. Comparison of four different
protocols of I-131 therapy for treating single toxic thyroid nodule.
Nucl Med Commun. 2009;30(2):169–75.
Abos MD, Banzo J, Razola P, Garcia F, Prats E. [131I-treatment of the
autonomous toxic nodule. Assessment of a fixed dose protocol].
Rev Esp Med Nucl. 1999;18(6):431–5.
Beckers C. 131I therapy of toxic and non-toxic goiters. Q J Nucl Med.
1999;43(4):291–6.
Bertelsen J, Herskind AM, Sprogoe Jakobsen U, Hegedus L. Is standard 555 MBq 131I-therapy of hyperthyroidism ablative? Thyroidology. 1992;4(3):103–6.
Tzavara I, Tzanela M, Vlassopoulou B, Kouyioumoutzakis G,
Kyriazopoulou V, Alevizaki C, et al. Long term thyroid function
after (131)I treatment for toxic adenoma. Hormones (Athens).
2002;1(2):99–103.
Sisson JC, Avram AM, Rubello D, Gross MD. Radioiodine treatment of hyperthyroidism: fixed or calculated doses; intelligent
design or science? Eur J Nucl Med Mol Imaging. 2007;34(7):1129–30.
de Rooij A, Vandenbroucke JP, Smit JW, Stokkel MP, Dekkers OM.
Clinical outcomes after estimated versus calculated activity of
radioiodine for the treatment of hyperthyroidism: systematic
review and meta-analysis. Eur J Endocrinol. 2009;161(5):771–7.
Sonmez B, Erem C, Dogan I, Ersoz HO, Sonmez M. Efficacy of low
and high fixed dose radioactive iodine therapy in patients with
toxic nodular goiter. Minerva Endocrinol. 2011;36(2):117–21.
Huysmans DA, Hermus AR, Corstens FH, Kloppenborg PW. Longterm results of two schedules of radioiodine treatment for toxic
multinodular goitre. Eur J Nucl Med. 1993;20(11):1056–62.
Khanna CM, Magdum M, Ravishankar L, Dham DN, Chugh P.
Evaluation of long-term results of two schedules of treatment
for toxic multinodular goitre with radioiodine therapy (I 131). J
Assoc Physicians India. 1996;44(2):102–5.
Kok SW, Smit JW, de Craen AJ, Goslings BM, van Eck-Smit BL, Romijn JA. Clinical outcome after standardized versus dosimetric radioiodine treatment of hyperthyroidism: an equivalence study.
Nucl Med Commun. 2000;21(11):1071–8.
Ustun F, Yuksel M, Durmus-Altun G, Kaya M, Cermik TF, Sarikaya
A, et al. The incidence of recurrence and hypothyroidism after radioiodine treatment in patients with hyperthyroidism in Trakya,
a mild iodine deficiency area, during the period 1991-2003. Ann
Nucl Med. 2005;19(8):737–42.
Thientunyakit T, Thongmak S, Premprapha T. Comparative
evaluation of two different dosage calculation protocols of iodine-131 in the treatment of hyperthyroidism. J Med Assoc Thai.
2010;93(8):969–77.
Traino AC, Grosso M, Mariani G. Possibility of limiting the unjustified irradiation in (131)I therapy of Graves' disease: a thyroid
mass-reduction based method for the optimum activity calculation. Phys Med. 2010;26(2):71–9.
Gittoes NJ, Franklyn JA. Hyperthyroidism. Current treatment
guidelines. Drugs. 1998;55(4):543–53.
Baker SG, Kramer BS. A perfect correlate does not a surrogate
make. BMC Med Res Methodol. 2003;3:16.

Int J Endocrinol Metab. 2014;12(2):e14424

Rokni H et al.

Int J Endocrinol Metab. 2014;12(2):e14424

7

