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131Predictive factors for the efficacy of I therapy with 

formulated dosage calculation on Graves' disease

Abstract
131Objective: To analyse predictive factors to ensure the e�cacy of iodine-131 ( I) therapy on Graves' disease 

(GD). Subjects and Methods: Graves' disease patients from three tertiary medical centers were enrolled. 
Serological data, thyroid mass estimation, thyroid radioactive iodine uptake, thyroid texture and thyroid 
murmurs (bruits) were recorded. Iodine-131 treatment was performed by applying a formulated calcu-
lation method. After one year of follow-up, GD patients with euthyroidism and hypothyroidism were classi-
�ed as the cured group, and the other thyroid function status refers to the uncured group. These analyses 
were performed by using SPSS17.0 software. A P value of less than 0.05 was considered statistically signi�-
cant. Results: A total of 970 GD patients, of which 540 patients (55.7%) belonged to the cured group, and 
430 patients (44.3%) belonged to the uncured group, participated in the current analyses. Multivariate 
logistic regression analysis was performed. Moreover, estimated thyroid mass, thyroid murmurs (bruits), 

131 131prescribed I dosage, FT3 and FT4 have independent prognostic value for I e�cacy, and their odds ratios 
are 1.368, 2.283, 1.326, 1.467 and 1.419, respectively. Conclusions: Graves' disease patients who are under-

131going I therapy using the formulated dosage calculation could be in�uenced by thyroid mass, thyroid 
131murmurs, I dosage and thyroid function.
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Introduction

The prevalence of hyperthyroidism in the general population is approximately 1.2% 
to 1.6% [1, 2], with 0.5% to 0.6% as overt hyperthyroidism and 0.7% to 1.0% as sub-
clinical hyperthyroidism. The most common causes of hyperthyroidism are Graves' 

disease (GD), toxic nodular goitre and toxic adenoma. Approximately 3% of women and 
0.5% of men develop GD during their lifetime, with the peak incidence of GD occurring 
among patients aged 30 to 60 years [3, 4]. Graves' disease can be treated by decreasing 
thyroid hormone synthesis with anti-thyroid drugs or by reducing the amount of thyroid 

131gland tissue with iodine-131 ( I) or thyroidectomy [5, 6].
131In the US, Europe and Asia, 59.7%, 13.3% and 29.4% of GD patients use I therapy, 

131respectively [2]. Multiple factors a�ect the e�cacy of I therapy. For instance, Zheng et al. 
(2012) [7], showed that the higher the maximal radioactive uptake of thyroid (RAIUmax) 
and (or) the longer the e�ective half-life, the higher the possibility of a one-time cure. Liu 
et al. (2014) [8] displayed high failure rates in patients who presented higher 2-hour RAIU, 

131particularly those with 2-hour RAIU of more than 58.5%. In another approach, higher I 
dosage, longer e�ective half-life time (T ) and higher thyroid antibody will increase the 1/2e�

hypothyroidism possibility by analysing post-therapeutic hypothyroidism from Wang et 
131al. (2010) [9]. At present, the in�uencing factors of I treatment are still unclear. Therefore, 

in this study, we intended to perform a comprehensive analysis on a much higher number 
of recruits from three centers to provide more solid statistical evidence to solve the afore-
mentioned controversy. 

Subjects and Methods

Inclusion and exclusion of patients 
This work is a retrospective study from three tertiary medical centers (i.e. two in Nan-
chang and one in Tianjin) from China. We reviewed the data archive of the departments 
from March 2012 to June 2017. The patients were given comprehensive physical exami-

131nations and serological tests before their I treatments to review their family history.
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Graves' disease was diagnosed based on having criteria (1) 
to (3), and/or one or several of criteria (4) to (7). Speci�cally: 
(1) typical symptoms of elevated metabolism, (2) sign of go-
itre (or in some cases normal thyroid volume), (3) laboratory 
�ndings of elevated thyroid hormones and suppressed thy-
rotropin level, (4) increased thyrotropin receptor antibodies 
(TRAb) concentration (or in some cases normal TRAb), (5) in-
creased uptake in RAIU or thyroid scintigraphy, (6) with Gra-
ves' ophthalmopathy (GO) (or in some cases without) and (7) 
with Graves' dermopathy or pretibia edema (or in some ca-
ses without). Inclusion criteria were patients with a con�r-
med diagnosis of GD. Exclusion criteria were: (1) patients yo-
unger than 16 years of age, (2) pregnant or breastfeeding fe-
male GD patients, (3) clinical evidence of invasive Graves' 
ophthalmopathy, especially, with moderate or severe active 
GO or vision threatening active GO, (4) giant compressive 
goiter or intrathoracic goiter, (5) with thyroid nodule of sus-
pected or con�rmed malignancy. The Institutional Review 
Board of Tianjin Medical University General Hospital, the 
First A�liated Hospital of Nanchang University and Jiujiang 
No.1 People's Hospital approved the ethical, methodolo-
gical and protocol aspects of this investigation. All GD pati-
ents provided their written informed consent.

Serological data measurement, thyroid imaging 
and thyroid texture assessment
Serum thyroid hormones, including total triiodothyronine 
(T3), total thyroxine (T4), free triiodothyronine (FT3), free 
thyroxine (FT4) and sensitive thyroid-stimulating hormone 
(TSH) were determined with chemiluminescence micropar-
ticle immunoassay (Abbott Ireland Diagnostics Division, 
Lisnamuck, Longford, Ireland). Thyroglobulin antibody 
(TgAb) and thyroid peroxidase antibody (TpoAb) were 
measured with chemiluminescent reaction principle assay 
(ADVIA Centaur analyser, Siemens Healthcare Diagnostics, 
New York City, New York, USA). �hyrotropin receptor antibo-
dies was measured with electrochemiluminescence immu-
noassay (ECLIA, Roche Diagnostics GmbH, Sandhofer Stras-
se, Mannheim, Germany). Thyroid imaging was performed 
in all patients. Thirty minutes after intravenous administra-

99mtion of 10mCi of TcO , thyroid imaging was performed to 2

observe the distribution of radioactivity, determine the fun-
ctional status of thyroid nodules and exclude the diagnosis 
of thyroiditis. Patients were positioned in a supine position 
with the neck hyper-extended and imaged using a single 
photon emission computed tomography/computed tomo-
graphy (SPECT/ CT) machine (Discovery NM/CT 670; Gene-
ral Electric Medical Systems, Milwaukee, Wisconsin, USA) 
with a low-energy parallel hole high-resolution collimator, 
peak 140keV and a window width of 20%. Thyroid texture 
and thyroid murmurs (bruits) were assessed. Two or more 
experienced doctors put a stethoscope on the thyroid for 
auscultation to determine if there is a murmurs. With palpa-
tion, the clinician can sense the texture , in order to distingu-
ish between soft and hard texture.

Thyroid mass estimation
Thyroid size measurements were performed by using a GE 
Logiq C9 Premium Ultrasound machine (GE Healthcare, 

Wauwatosa, WI) with a linear 10-MHz transducer. Optimal 
longitudinal and transverse scans were conducted to allow 
the measurement of the depth (D), width (W) and length (L) 
of each thyroid lobe. The volume of each thyroid lobe (V) 

3was calculated on the basis of ellipsoid formula: V(cm )= 
0.479×D×W×L (cm). The thyroid volume was the sum of the 
volumes of both thyroid lobes. Then, considering the den-

3sity of thyroid tissue to be approximately 1.0g/cm , the thy-
roid mass [M (in grams)] was calculated by multiplying the 

3volumetric data by 1.0g/cm  [10]. 

Thyroid radioactive iodine uptake measurement
All patients underwent 2-, 6-, 24-, 48- and 72-hour RAIU me-

131asurements before I therapy. The time interval between 
131the uptake measurement and the I treatment is generally 

not more than one week. Patients were administered a 
4 1313.7×10 MBq (100�Ci) dose of sodium iodide (Na I) on an 

empty stomach. All patients were also required to withdraw 
antithyroid drugs or drugs that may a�ect the thyroid gland 
(e.g., methimazole, propylthiouracil, compound iodine solu-
tion and amphetamine) 3 to 7 days before measuring the io-
dine uptake rate. Radioactive iodine uptake was measured 
2, 6, 24, 48 and 72 hours after the administration using a MN-
6110 Thyroid Function Instrument (Anhui USTC ZONKIA Sci-
enti�c Instruments Co. LTD, Hefei, Anhui, China). Brie�y, a 
NaI crystal scintillation probe (3cm in diameter) was positi-
oned at the site of the thyroid for 2min at a �xed distance of 
25cm. Then, the probe was also positioned at the site of the 
thigh at the same distance for 2min to obtain background 
correction. After the background correction, the activity in 
counts per minute over the thyroid region was compared 
with the activity measured from a standard source that con-

131 131tained 3.7MBq (100�Ci) Na I. Maximum I thyroid uptake 
value and T were then calculated.1/2e�  

131I treatment 
Patients were instructed to avoid seaweed, seafood and nut-
ritional supplements that contained iodine for the past 

131month before I treatment. In addition, the patients were 
asked to withdraw anti-thyroid drugs or drugs that can 
a�ect the thyroid (e.g. methimazole, propylthiouracil, com-
pound iodine solution and propantheline) for 3 to 7 days be-

131fore I treatment. Iodine-131 doses were calculated on the 
131basis of the following formula [11]: I (mCi)=[estimated 

thyroid mass (g)×absorption dose (Gy/g)×0.67] / [T  1/2e�
131(days)×maximum I thyroid uptake value (%)]. Absorption 

dose=100Gy/g, and 0.67 is a recti�ed factor. All GD patients 
131took the calculated dose of I orally. They all fasted for at le-

131ast 2 h before and after the administration of I to achieve 
higher absorption and avoid food intervention.

131Follow-up and e�cacy of I treatment
We measured the serum levels of thyroid function indices on 

131GD patients at 1, 3, 6, and 12 months after I therapy to eva-
luate the e�cacy of the treatment. At the end of 12 months, 
we de�ned complete remission (euthyroidism) and hypo-
thyroidism as 'cure' (cured group) and partial remission, 
ine�cacy or recurrence as 'uncured' (uncured group). Hypo-
thyroidism was de�ned as persistent, low thyroxine consen-
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tration, elevated TSH levels, and beginning to replace levo-
thyroxine for the patient within 12 months of treatment. 
Hyperthyroidism was de�ned as patients with normal thy-
roid hormone concentration at 1 year, no antithyroid drugs 
or normal TSH concentration and no levothyroxine treat-
ment.

Statistical analysis 
Data were presented as mean±standard deviation (SD) or 
case number (percentage). T-test and analysis of variance 
were used to evaluate di�erences between continuous vari-
ables. Data with a non-normal distribution were tested us-
ing the Mann-Whitney U-test. Chi square-test was used to 
evaluate di�erences between categorical variables. Logistic 
regression analysis was conducted to measure the prog-
nostic factors between variables. Unconditional multiva-
riate logistic regression was used to analyse whether any of 
these factors can be related to an uncured outcome, and the 
odds ratio (OR) with 95% con�dence interval (CI) was then 
calculated. These analyses were performed by using SPSS 
17.0 software. A P value of less than 0.05 was considered 
statistically signi�cant.

Results

A total of 970 patients with a con�rmed diagnosis of GD, 
131who received I therapy, participated in the current ana-

lyses. Altogether, 540 patients (55.7%) belonged to the cu-
red group [310 euthyroidism cases (32.0%) and 230 hypo-
thyroidism cases (23.7%)] whilst 430 patients (44.3%) belon-
ged to the uncured group (Table 1). No signi�cant di�eren-

131ces in gender, age, family history, maximum I thyroid up-
take, TSH, TgAb, TRAb, TpoAb levels, thyroid texture, as well 
as blood cells, hepatic function and renal function were ob-
served between the two groups (P>0.05). The proportions 
of patients with huge goiter and having thyroid murmurs 
(bruits) in the uncured group were signi�cantly higher than 

131those in the cured group (P<0.05). The dosages of I, as well 
as levels of FT3 and FT4 in the uncured group, are signi-
�cantly higher than those in the cured group (P<0.05). 

The results of univariate logistic regression analysis 
showed that thyroid mass, having thyroid murmurs, pres-

131cribed I dosage and the levels of FT3 and FT4 were asso-
ciated with disease outcome. Then, unconditional multiva-
riate logistic regression analysis was performed by using 
the above indices with signi�cances (Table 2), The calcu-
lated results showed that each one of the included factors 
had an independent prognostic value for the GD patients 
(P<0.05). 

Discussion

Ever since the �rst two pioneer papers about radioactive 
iodine therapy in hyperthyroidism were published by Hertz 
and Roberts [12] and Chapman and Evans [13], the e�ec-

tiveness and safeness of this treatment have been acknow-
ledged and proposed by several thyroid societies as a cor-
nerstone therapy [13-15]. Historically, the therapeutic stra-
tegy of RAI in the US is to completely ablate the thyroid, the-
reby rendering permanent hypothyroidism [15]. In China, 
nevertheless, the critical doctor-patient relationship [9, 16] 
still requires that the therapeutic goal is balanced to achieve 
euthyroidism and avoid hypothyroidism; thus, personalised 
dosage is adopted in most hospitals [8, 17]. If factors a�ect 
the outcome of the RAI, the calculated dose should be modi-
�ed according to these characteristics. This study aimed to 
analyse the factors that could have a potential in�uence on 

131the e�ects of therapy with I.
In our study, some parameters, such as large thyroid mass 

and a high level of basal FT3 and FT4, could a�ect the e�-
131 131cacy of I therapy, and a high level of I dosage is associ-

ated with treatment failure.
Firstly, similar to many previous studies [18, 19], the treat-

ment failure rate in patients with larger thyroid mass is hig-
her than those with smaller glands. In Danrong Yang et al. 
(2018) [20], the thyroid volume was treated as a negative 

3predictor, and its threshold was 35cm . Markovic et al. (2007) 
[21] reported that the chances of treatment failure for the 
patients with thyroids larger than 62g were much greater. 
However, some studies [22] show no statistical di�erence 

131between thyroid mass and the outcome of I therapy. Di�e-
rences amongst various studies may result from a lack of 
uni�ed and objective methods to measure thyroid size and a 
clear standard de�nition of thyroid size threshold. Secondly, 
our study also showed that the higher the levels of FT3 and 
FT4, are the higher the incidence of being uncured will be. 
This �nding is consistent with some studies, in which free 
thyroid hormone (FTH) levels had a negative impact on the 
RAI success rate [20]. Lower serum FTH level, which can 
re�ect the severity of hyperthyroidism, may suggest that the 
patient's condition is milder and may lead to improved the-
rapeutic e�ect. However, some studies have found that FTH 
level does not a�ect the success rate of RAI. The di�erent re-
sults may be due to the e�ect of the duration of the ATD 
withdrawal on the serum levels of thyroid hormones. Thir-

131 131dly, a lower level of I dosage is associated with I treat-
ment success in this study. This result may be due to the mil-
der condition in the low-dose group. Lastly, in our report, 
thyroid murmur was identi�ed as one factor that was asso-
ciated with treatment failure. In the hyperthyroidism status, 
thyroid vascularity and blood �ow increases are also repor-
ted to be associated with the activation of thyroid-stimula-
ting hormone receptors by TSH or TRAb [23]. Thyroid mur-
murs (bruits) occur in several GD patients, re�ecting the 
di�use toxic status of thyroid function [24]. However, this 
result is easy to be in�uenced by subjective factors. In our 
observation, the rate of iodine absorption and thyroid-asso-
ciated antibodies did not a�ect the outcome treatment sig-
ni�cantly, which is consistent with some other studies [20, 
25]. However, many studies showed that higher thyroid up-

131take [8] or high level of TRAb may be the cause of I treat-
ment failure [26, 27]. Hence, more samples are needed to 
con�rm this �nding.

This study had limitations that are worthy of attention. 
Firstly, only three tertiary medical centers are included in 
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Table 1. Data comparisons between the cured group and the uncured group.

       Cured group      Uncured group Statistics

Number or mean ± SD % Number or mean ± SD % 2χ /t value P value

Total case number 540 430

Males/Females 80/460 14.81/85.19 70/360 16.28/83.72
2χ =0.153 >0.05

Age (y) 33.8±3.1 31.5±1.9 t=0.633 >0.05

Having family 
history

110 20.37 84 19.53
2χ =0.175 >0.05

Estimated thyroid 
mass (g)

55.17±2.31 72.23±5.19 t=2.355 <0.05

Having thyroid 
murmurs (bruits)

51 9.44 123 28.60
2χ =5.156 <0.05

131Maximum I 
thyroid uptake (%)

56.27±1.85 59.52±3.72 t=1.072 >0.05

131Prescribed I 
dosage (mCi) 

4.64±1.45 7.39±2.15 t=5.853 <0.05

FT3 (pmol/L) 23.19±4.40 39.62±5.64 t=3.972 <0.05

FT4 (pmol/L) 53.41±3.28 67.95±1.68 t=2.004 <0.05

TSH (mIU/L) 0.015±0.007 0.018±0.010 t=1.070 >0.05

TgAb (IU/ml) 451.09±11.57 433.75±9.86 t=0.182 >0.05

TpoAb (IU/ml) 365.74±9.51 386.62±12.63 t=0.165 >0.05

TRAb (IU/ml) 45.29±1.61 43.36±1.06 t=0.561 >0.05

Soft/firm thyroid 
texture

110/430 30.37/79.63 90/340 20.93/79.07 2χ =1.269 >0.05

9WBC (10 /L) 5.14±0.63 4.91±0.54 t=0.562 >0.05

ALT(U/L) 20.17±1.75 21.49±2.45 t=0.254 >0.05

AST（U/L) 19.35±1.46 20.89±1.79 t=0.262 >0.05

BUN(mmol/L) 10.25±1.06 9.78±0.94 t=0.187 >0.05

Cr (umol/L) 57.41±2.19 56.27±2.06 t=0.162 >0.05



this study. Thus, a multi-centered study with more recruits is 
needed to reduce selection bias. Secondly, long-term (ex-
ceeding one year) follow-up to observe the therapeutic e�-
cacy is also necessary to verify the current �ndings. Thirdly, 

131the individualised I dosage method should be compared 
with other dosage methods to check whether the prognostic 
factors are the same. Fourthly, some parameters, such as thy-
roid murmurs (bruits) and thyroid texture determination, 
thyroid lobe measurement of depth, width and length (opti-
mal longitudinal and transverse scans in ultrasonography 
can be determined di�erently by various doctors), rely on 
subjective determinants to some extent. 

In conclusion, estimated thyroid mass, thyroid murmurs 
131(bruits), prescribed I dosage, FT3 and FT4 are the most in-

�uential parameters with independent prognostic values for 
131GD patients who are undergoing I therapy with formulated 

dosage calculation.

Limitations
This study had limitations that are worthy of attention. Firstly, 
only three tertiary medical centers are included in this study. 
Thus, a multi-centered study with more recruits is needed to 
reduce selection bias. Secondly, long-term (exceeding one 
year) follow-up to observe the therapeutic e�cacy is also ne-
cessary to verify the current �ndings. Thirdly, the individu-

131alised I dosage method should be compared with other 
dosage methods to check whether the prognostic factors are 
the same. Fourthly, some parameters, such as thyroid mur-
murs (bruits) and thyroid texture determination, thyroid lobe 
measurement of depth, width and length (optimal longitu-
dinal and transverse scans in ultrasonography can be deter-
mined di�erently by various doctors), rely on subjective de-
terminants to some extent. 

Funding and Acknowledgments 
This study was supported by the Health Commission of Jian-
gxi Province (Grant No. 20067104 to Hongbin Zheng).
This study was supported by the Tianjin Science and 
Technology Talent Cultivation Project (Grant No. KJ20059 to 
Danyang Sun).
This study was supported by Tianjin Medical University Ge-
neral Hospital New Century Excellent Talent Program, Young 
and Middle-aged Innovative Talent Training Program from 
Tianjin Education Committee and Talent Fostering Program 

(the 131 Project) from Tianjin Education Committee, Tianjin 
Human Resources and Social Security Bureau (to Zhaowei 
Meng). This study was also supported by the following 
grants: China National Natural Science Foundation (Grant 
number 81571709 and 81971650 to Zhaowei Meng), and 
Key Project of Tianjin Science and Technology Committee 
Foundation (Grant number 16JCZDJC34300 to Zhaowei 
Meng).

The authors declare that they have no con�icts of interest. 

Bibliography
1.   Kahaly GJ, Bartalena L, Hegedus L et al. 2018 European Thyroid Asso-

ciation Guideline for the Management of Graves' Hyperthyroidism. Eur 
Thyroid J 2018; 7(4): 167-86. 

2.    Smith TJ, Hegedus L. Graves' Disease. N Engl J Med 2016; 375(16): 1552-
65. 

3.   Nystrom HF, Jansson S, Berg G. Incidence rate and clinical features of 
hyperthyroidism in a long-term iodine su�cient area of Sweden (Got-
henburg) 2003-2005. Clin Endocrinol 2013; 78(5): 768-76. 

4.  McLeod DS, Caturegli P, Cooper DS et al. Variation in rates of auto-
immune thyroid disease by race/ethnicity in US military personnel. 
JAMA 2014; 311(15): 1563-5. 

5.    Ross DS, Burch HB, Cooper DS et al. 2016 American Thyroid Association 
Guidelines for Diagnosis and Management of Hyperthyroidism and 
Other Causes of Thyrotoxicosis. Thyroid 2016; 26(10): 1343-421. 

6.     Burch HB, Burman KD, Cooper DS. A 2011 survey of clinical practice pat-
terns in the management of Graves' disease. J Clin Endocrinol Metab 
2012; 97(12): 4549-58. 

 1317.     Wei Z, Tan J, Zhang G et al. Analysis of I therapy and correlation factors 
of Graves' disease patients: a 4-year retrospective study. Nucl Med 
Commun 2012; 33(1): 97-101. 

8.    Liu M, Jing D, Hu J et al. Predictive factors of outcomes in personalized 
131radioactive iodine I treatment for Graves' disease. Am J Med Sci 2014; 

348(4): 288-93.
9.     Wang RF, Tan J, Zhang GZ et al. A comparative study of in�uential factors 

131correlating with early and late hypothyroidism after I therapy for 
Graves' disease. Chin Med J 2010; 123(12): 1528-32. 

10.  Yousef M, Sulieman A, Ahmed B et al. Local reference ranges of thyroid 
volume in sudanese normal subjects using ultrasound. J Thyroid Res 
2011; 2011: 935141. 

11.  Marinelli LD, Quimby EH, Hine GJ. Dosage determination with radio-
active isotopes; biological considerations and practical applications. 
Nucleonics 1948; 2(5 Pt 1): 44-9. 

12. Hertz S, Roberts A. Radioactive iodine in the study of thyroid phy-
siology; the use of radioactive iodine therapy in Graves' disease. West J 
Surg Obstet Gynecol 1946; 54(12): 474-86. 

13.  Chapman EM, Evans RD. The treatment of hyperthyroidism with radio-
active iodine. J Am Med Assoc 1946; 131: 86-91. 

Table 2. Factors relating an uncured outcome in multivariate logistic regression.

Variables OR 95%CI P value

Estimated thyroid mass (g) 1.368 1.246-1.385 0.021

Having thyroid murmurs (bruits) 2.283 1.783-5.693 0.006

131Prescribed I dosage (mCi) 1.326 1.125-1.458 0.032

FT3 (pmol/L) 1.467 1.369-1.569 0.013

FT4 (pmol/L) 1.419 1.036-1.659 0.027

9
93 Hellenic Journal of Nuclear Medicine     May-August 2022•   www.nuclmed.gr123

Original Article



14. Kahaly GJ, Bartalena L, Hegedus L et al. 2018 European Thyroid 
Association Guideline for the Management of Graves' Hyperthyroidism. 
Eur Thyroid J 2018; 7(4): 167-86. 

15.  Ross DS, Burch HB, Cooper DS et al. 2016 American Thyroid Association 
Guidelines for Diagnosis and Management of Hyperthyroidism and 
Other Causes of Thyrotoxicosis. Thyroid 2016; 26(10): 1343-421. 

16. Violence against doctors: Why China? Why now? What next? Lancet 
2014; 383(9922): 1013. 

17.  Xing YZ, Zhang K, Jin G. Predictive factors for the outcomes of Graves' 
131disease patients with radioactive iodine ( I) treatment. Biosci Rep 2020; 

40(1): BSR20191609. 
18. Stachura A, Gryn T, Kaluza B et al. Predictors of euthyreosis in hyper-

131thyroid patients treated with radioiodine I-: a retrospective study. BMC 
Endocr Disord 2020; 20(1): 77. 

19.  Yau JS, Chu KS, Li JK et al. Usage of a �xed dose of radioactive iodine for 
the treatment of hyperthyroidism: one-year outcome in a regional hos-
pital in Hong Kong. Hong Kong Med J 2009; 15(4): 267-73. 

20.  Yang D, Xue J, Ma W et al. Prognostic factor analysis in 325 patients with 
Graves' disease treated with radioiodine therapy. Nucl Med Commun 
2018; 39(1): 16-21. 

21. Markovic V, Eterovic D. Thyroid echogenicity predicts outcome of radi-
oiodine therapy in patients with graves' disease. J Clin Endocrinol Metab 
2007; 92(9): 3547-52.

22. Erem C, Kandemir N, Hacihasanoglu A et al. Radioiodine treatment of 
hyperthyroidism: prognostic factors a�ecting outcome. Endocrine 
2004; 25(1): 55-60. 

23.  Bogazzi F, Bartalena L, Brogioni S et al. Thyroid vascularity and blood �ow 
are not dependent on serum thyroid hormone levels: studies in vivo by 
color �ow doppler sonography. Eur J Endocrinol 1999; 140(5): 452-6. 

24.  Williams E, Chillag S, Rizvi A. Thyroid bruit and the underlying 'inferno'. 
Am J Med 2014; 127(6): 489-90. 

25.  Jiehua Xu, Zhang Z, Cheng M et al. In�uencing factors of radioiodine 
therapy in hyperthyroidism in adults. Nuclear Science & Techniques 2007; 
18(5): 294-7.

26. Fanning E, Inder WJ, Mackenzie E. Radioiodine treatment for graves' 
disease: a 10-year Australian cohort study. BMC Endocr Disord 2018; 
18(1): 94. 

27. Knapska-Kucharska M, Oszukowska L, Lewinski A. Analysis of demo-
graphic and clinical factors a�ecting the outcome of radioiodine the-
rapy in patients with hyperthyroidism. Arch Med Sci 2010; 6(4): 611-6. 

9
93Hellenic Journal of Nuclear Medicine     May-August 2022•   www.nuclmed.gr 124

Original Article


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

