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Abstract
Purpose: Despite therapeutic effects of radioiodine in patients with differentiated thyroid 
cancer, there are some disadvantages due to harmful radiation to other tissues. According to 
the current guidelines, patients are recommended to drink lots of water and frequent voiding 
to reduce the amount of 131I in the body. This study was designed to assess the impact of the 
amount of liquid intake on reduction of the measured dose rate of radioiodine‑treated patients. 
Materials and Methods: A total of 42 patients with differentiated thyroid cancer without metastasis 
who had undergone total thyroidectomy and had been treated with radioiodine were selected. The 
patients were divided into two groups according to the amount of their fluid intake which was 
measured during the first 48 h after 131I administration. In all patients, the dose rate was measured 
immediately and 48  h after iodine administration. Results: Each group included 21  patients. 
Dose rate ratio  (the ratio of the second dose rate to the first dose rate) and dose rate difference 
ratio  (the ratio of the difference between the two measured dose rates to the first dose rate) were 
calculated for each patient. Despite the significant difference in the amount of the liquid drunk, no 
statistically significant difference was seen between the different groups in parameters of dose‑rate 
ratio and dose‑rate difference ratio. Conclusion: Higher fluid intake  (>60 ml/h in our study) alone 
would not effectively reduce the patient’s radiation dose rate at least not more than a well‑hydrated 
state. It seems that other interfering factors in the thyroidectomized patients may also have some 
impacts on this physiologic process.

Keywords: Differentiated thyroid cancer, dose rate, radioiodine, urinary iodine excretion

Original Article

Mahdi 
Haghighatafshar, 
Aida Banani1, 
Banafsheh 
Zeinali‑Rafsanjani, 
Zahra Etemadi, 
Tahereh Ghaedian
Nuclear Medicine and 
Molecular Imaging Research 
Center, Namazi Teaching 
Hospital, Shiraz University 
of Medical Sciences, Shiraz, 
1Department of Nuclear 
Engineering, Faculty of 
Advanced Sciences and 
Technologies, University of 
Isfahan, Isfahan, Iran

Introduction
Thyroid cancer is the most common 
cancer of the endocrine system with 
an increasing incidence during the 
past decades.[1] Differentiated thyroid 
cancer  (DTC) is categorized into papillary 
and follicular thyroid carcinomas which 
comprise 80% and 10%–20% of all thyroid 
malignancies, respectively.[2]

The management of DCT is total 
thyroidectomy to remove the thyroid 
cancer cells followed by radioiodine  (131I) 
ablation as an adjuvant therapy to destroy 
the remnant thyroid cancer cells.[3‑8] Using 
radioactive iodine for thyroid remnant 
ablation and metastasis treatment in 
patients with DTC is still a well‑accepted 
and effective method after more than six 
decades. Emitting 806 keV beta particles, 
131I can destroy the remnant thyroid tissue 
and remaining cancer cells. For the same 
reason, 131I can be harmful for the other 
organs that uptake, metabolize or excrete 

the radioiodine as well.[9‑12] Radioactive 
iodine is almost completely absorbed from 
the gastrointestinal tract when administered 
orally. Then, it would be absorbed in the 
remnant thyroid tissue, salivary glands, and 
stomach mucosa. The main excretion route 
of iodine is through the urinary system. To 
reduce the side effects of radioactive iodine 
and also reduce hospitalization of patients, 
attempts have been made to accelerate 
the excretion of iodine from the body and 
consequently lower the total radiation dose 
of patients.[11]

Since urinary excretion accounts for the 
main way of radioiodine excretion from 
the body, many guidelines and experts 
recommend drinking lots of water and 
voiding on a regular basis to reduce the 
total dose of 131I.[13‑15] However, there is 
no relevant study in the literature to assess 
how much liquid is sufficient to effectively 
reduce total radiation dose rate. The 
objective of this study was to assess the 
impact of the amount of liquid intake on 
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reduction of the measured dose rate of radioiodine treated 
patients at the distance of 1 m.

Materials and Methods
A total of 62  patients with DTC and without distant 
metastasis who had undergone total thyroidectomy and were 
candidates for radioiodine ablation at Nuclear Medicine 
Department of Shiraz Namazi hospital during 2014–2015 
were selected to be included in this study. The patients who 
had vomiting after administration were excluded from the 
study. Finally, 42  patients participated in this study. All 
patients were asked to have a well‑fluid intake, take shower 
4  times, and have the same diet with frequent voiding 
during the course of admission. For all patients, the amount 
of fluid intake and frequency of voiding were measured 
during the first 48 h after 131I administration for all patients.

The dose of 100–200 mCi of radioiodine was 
administered orally to the patients. For all patients, the 
dose rate at 1  m which is the recommended criteria 
for the discharge of patients[16] was measured by a 
gamma ray dosimeter  (Radiation alert, monitor 5) at 
two different times, immediately  (first dose rate) and 
48  h  (second dose rate) after 131I administration. The 
patients were asked to void immediately before each dose 
rate measurement. To eliminate the interfering effect of 
the difference in administered radioiodine activity and 
amount of thyroid remnant, two factors were calculated to 
normalize the dose rate reduction for each patient: (1) Ratio 
of the second dose rate to the first dose rate as dose rate 
ratio,  (2) ratio of the differences of two dose rates to the 
first dose rate as dose rate difference ratio. According to 
the amount of fluid intake, the patients were categorized 
into both groups with fluid intake  <60  ml/h and  ≥60  ml/h 
while each consisted of 21 patients.

All statistical analyses were performed using a 
commercially available software program  (Statistical 
Package for the Social Sciences, version  21; SPSS, 
Chicago, Illinois, USA). The normality distribution of the 
differences was assessed separately in each group, using 
the Shapiro–Wilk test of normality in which the P  >  0.05 
represented the normal distribution. To determine whether 
there were any significant differences between the means 
of groups, we used the independent t‑test, and to determine 
the correlation of the amount of liquid intake and each 
factor, we used Pearson’s correlation test.

Results
The baseline characteristics of each group’s members 
are shown in Table  1. The mean age and fluid intake in 
all patients were 35  ±  11 and 61  ±  27, respectively. The 
averages of voiding frequency during the study and the 
administered radioiodine activity (mCi) were not statistically 
different between the two groups  [Table  1]. Comparison 
of the two groups with ANOVA test revealed a significant 

difference neither for the dose rate ratio  (0.10  ±  0.06  vs. 
0.10  ±  0.04 in group with higher liquid intake vs. group 
with lower liquid intake, respectively) nor for the dose rate 
difference ratio  (0.89 ± 0.06 vs. 0.89 ± 0.04 in group with 
higher liquid intake vs. group with lower liquid intake, 
respectively) between the groups  [Table  2]. Pearson’s 
correlation analysis also showed no statistically significant 
correlation between drinking more water and dose rate 
reduction as an decrease in the calculated dose rate ratio 
and dose rate difference ratio (r = −0.034, P = 0.831).

Discussions
Since the urinary secretion of iodine is known as the 
main root of iodine excretion from the body, current 
guidelines recommend excessive fluid intake after 
radioiodine administration to enhance the urinary flow 
and consequently radioiodine excretion to remove harmful 
radiation from the body more rapidly.[16] However, our 
study revealed that increasing the amount of fluid intake 
above the level of regular fluid intake by the patients did 
not simply result in the reduction of measured dose rate 
which is widely used as a criterion for safe discharge of 
patients from hospital.[16] There are many studies in the 
literature assessing the metabolism and excretion of iodine 
in the body, most of which showing that more than 80% 
of serum iodine is excreted through the urinary system;[17] 
however, few of them were focusing on the patients who 
had undergone thyroidectomy and were candidates for 
radioiodine ablation.[18] Regarding the altered metabolism 

Table 1: Baseline characteristics of patients in each 
group

Fluid intake 
(mean±SD)

P

<60 ml/h ≥60 ml/h
Age (years) 38±9 32±12 0.140
Weight (kg) 72±17 73±17 0.849
Fluid intake (ml/h) 38±12 83±18 <0.001
Frequency of voiding during 48 h 17±9 22±5 0.083
Administered radioiodine 
activity (mCi)

152±25 141±25 0.187

P<0.05 is considered as significant. SD: Standard deviation

Table 2: Comparison of the two groups for the radiation 
dose rate parameters

Fluid intake 
(mean±SD)

P

<60 ml/h ≥60 ml/h
First dose rate (µSv/h) 418±180 341±113 0.107
Second dose rate (µSv/h) 41±33 37±21 0.627
Dose rate ratioa 0.10±0.06 0.10±0.04 0.690
Dose rate difference ratiob 0.89±0.06 0.89±0.04 0.690
P<0.05 is considered as significant. aRatio of the second dose to 
first dose, bRatio of the difference between first and second doses 
to first dose. SD: Standard deviation
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of iodine, it would be of great importance not to directly 
extend these results to this group of patients. On the 
other hand, since the majority of these patients are in a 
hypothyroid state which can reduce the renal excretory 
function,[19,20] enhancing the urinary flow would not be as 
effective as in the normal euthyroid patients.

In addition, the patients are always recommended that 
they should be on a low‑iodine diet for 2  weeks before 
radioiodine ablation to deplete the iodine sources of the 
body for better thyroid iodine absorption which itself can 
lead to reduction of urinary iodine loss.[21]

Besides the mentioned points, some researchers have also 
stated that water diuresis and increase in urinary flow do 
not result in more urinary iodine excretion,[22,23] whereas in 
an animal study, this has been found that dehydration can 
significantly reduce urinary iodine excretion in rabbits.[24] 
Another study conducted by Johner et  al. revealed that 
higher urinary volume due to increasing the liquid intake in 
a physiologic range leads to additional urinary excretion.[25] 
Comparison of these results with those of our study showed 
that although inadequate fluid intake and dehydration can 
reduce the iodine excretion, increasing the fluid intake, and 
urinary flow above the physiologic range  (over hydration) 
would not significantly increase urinary iodine excretion.

Some authors have recommended that overhydration not 
only can increase iodine excretion but also may promote 
the frequency of voiding and subsequent reduction in 
the duration of activity retention in the bladder.[16] Since 
we measured the dose rate just at two time points and 
immediately after voiding, the effect of retention of activity 
as an accumulated radiation dose rate to the patient could 
not be evaluated in this study though the frequency of 
voiding in both groups was not statistically different. It 
seems that voiding on a regular basis in all patients should 
be recommended regardless of the intake amount because 
the higher fluid intake in our study does not necessarily 
result in higher frequency of voiding.

Finally, this is suggested that although the dehydration 
should be avoided in the patients who receive radioiodine, 
higher volume intake just over the physiologic rate seems 
to be ineffective in these patients; this could be even 
intolerable in some patients, especially the elderly ones and 
those with cardiac, liver or renal problems.

Limitations

In this study, the patients were allowed to drink any kind 
of fluid they desired including tea, coffee, fruit juice, 
sweet and salty nonalcoholic beverages, and carbonated 
drinks which may have different diuretic effects[26] though 
the water was the most popular liquid. Although these 
differences may somehow interfere with our results, it 
could be more practical and realistic not to restrict the 
patients to some specific types of fluid. Furthermore, the 
relatively small sample size and the observational nature of 

our study limited us in precise analysis of the results. In 
addition, higher fluid intake group in our study was limited 
to the mean of 83  ±  18  ml/h, and the effect of more fluid 
intake above this level which may have different effect, 
could not be evaluated in this study. Further dedicated 
prospective biochemical studies on a larger population are 
still needed to confirm and explain these results.

Conclusion
This should be stated that higher fluid intake  (>60  ml/h, 
mean 83  ml/h) alone would not effectively reduce the 
patient’s radiation dose rate at least not more than a 
well‑hydrated state. It seems that other factors such as 
baseline serum iodine level, amount of remnant functioning 
thyroid tissue, and the presence of hypothyroid state in the 
thyroidectomized patients may also have some impact on 
this physiologic process.
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