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ABSTRACT 
 

Introduction: High-dose radioactive iodine therapy in differentiated thyroid cancer (DTC) may adversely affect the salivary 
gland function. This study is aimed to evaluate the effect of radioactive iodine (RAI) with dose of 100 mCi in DTC patients 
compared to lower doses of less than 30 mCi in hyperthyroid cases.  
Methods: Fifty four patients (13 men and 41 women) age: 42.3±14.3 (21-71) years were enrolled in the study. Twenty seven 
hyperthyroid cases received less than 30 mCi of I-131 for the treatment, and 27 DTC patients were treated with 100 mCi of 
I-131. All patients underwent Tc-99m pertechnetate scintigraphy before and three months after radioiodine therapy. Salivary 
gland excretion fractions (EF) were compared between groups. A decrease of more than 5% in EF was considered 
significant.  
Results: The total frequency of salivary dysfunction was 41.7%. In patients received a dosage of 100 mCi of I-131, this 
frequency was 49.1%, while with less than 30 mCi, it was 34.3% (p<0.01). The right parotid gland was affected more than 
the left following 100 mCi treatment. Risk ratio of salivary gland involvement in high-dose versus low-dose group was 
significant (risk ratio=1.04-1.98, CI (95%); p=0.019). However, there was no significant difference in symptom presentation, 
i.e. xerostomia between two groups.  
Conclusion: RAI therapy may cause salivary gland dysfunction and this effect is more frequent in DTC patients with higher 
dose of 100 mCi compared to hyperthyroid cases with lower doses of less than 30 mCi. 
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INTRODUCTION 
 
It is more than 50 years since radio-iodine-131 (I-
131) has been used as a valuable treatment of thyroid 
diseases including hyperthyroidism and differentiated 
thyroid carcinomas (DTC) [1, 2]. 
Physiologic uptake of radioiodine occurs in thyroid, 
gastric mucosa, lactating breast, and salivary glands. 
Salivary glands can concentrate iodine 30-40 times 
over the blood [2]. Radiation damage to salivary 
glands is suggested and supported by several studies 
[3-10].  It is the most common complication of 
radioiodine therapy [11]. Radiation sialadenitis is 
presented with pain, tenderness, swelling, xerostomia 
and bitter taste [2, 7].    
Pathophysiologically, radiation causes vascular and 
cellular changes in salivary gland which in turn result 
in fibrosis and infiltration by lymphocytes and 
inflammatory cells [12]. Dynamic scintigraphy of 
salivary glands with both qualitative and quantitative 
assessment of function has been known as a valuable 
tool for the evaluation of this complication [5, 13, 
14]. This method is easy to perform, reproducible and 
well-tolerated by the patient [2, 15-20]. 
The effect of radioactive iodine (RAI) doses to 
produce this damage has been under discussion. The 
studies on thyroid cancer patients show more 
functional impairment with higher doses [5-7, 10, 21-
23], however the effect of this complication with 
lower doses of I-131 used for hyperthyroidism has 
not been widely studied. 
 In this study we used salivary gland scintigraphy to 
assess the effect of radioiodine on salivary gland 
function in high dose of radioiodine used for the 
treatment of cancer as compared to low dose for 
hyperthyroid patients. 
 

METHODS 
 
Patients  
A total of 54 patients (age range: 21-71 years, mean 
age: 42.3±14.35) were included in this study, of 
whom 41 (79%) were female and 13 (24.1%) were 
male. The first group (27 patients) consisted of 
known hyperthyroid patients candidates to receive 
radioiodine in doses less than 30 mCi (low-dose 
group); and the second group (27 patients) were 
referred for the treatment with 100 mCi RAI for the 
ablation therapy of differentiated thyroid carcinoma 
(high-dose group). Radio-iodine whole body scan 
was not performed before RAI treatment. 
Salivary gland scintigraphy was performed in all 
cases before treatment as a baseline study, and three 
months after treatment to evaluate the effect of 
radioiodine on these glands. 

The patients with pregnancy, previous history of 
external-beam radiotherapy to the head and neck, 
history of known salivary gland abnormalities such as 
tumors, obstructions, inflammation, history of 
interfering medications  (i.e. anticholinergic drugs) 
and those who were unwilling to participate in the 
study or did not cooperate in the follow up 
evaluations, were excluded from the study.  
 
Image analysis and measurements  
Patients were injected with 370 MBq (10 mCi) of Tc-
99m pertechnetate while fasting and resting in supine 
position. Immediately afterwards salivary gland 
scintigraphy was performed in dynamic mode for 30 
min (one frame/min acquisition) with a dual head-
gamma camera (S.H. Genesys, ADAC, USA) in 
anterior and posterior views. Low energy all purpose 
(LEAP) collimator with 128×128 matrix was used. 
To stimulate salivary secretion, 5 ml of lime juice 
was administered orally at 15 min of the study. For 
image processing, a conjugated image was 
constructed, and regions of interest (ROI) were 
drawn for each of the four major salivary glands and 
also for background both on temporal bone for 
parotid glands and neck soft tissue for submandibular 
glands. Analysis of the dynamic study included time–
activity curves (TAC) of four salivary glands (right 
and left parotid and right and left submandibular). 
Finally salivary excretion fractions (EF) of both 
groups were calculated before and three months after 
the treatment, by calculating the percentage of 
difference between maximum and minimum 
background-corrected counts divided by the 
maximum background-corrected counts for each 
gland. Salivary gland dysfunction was defined as 5% 
reduction of EF after the treatment with RAI (Figure 
1). 

 
 
Fig 1. Quantitative scintigraphy of salivary glands in a patient 
treated with iodine-131.   
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Statistical analysis 
Data analysis was performed using SPSS (v. 17) 
software. Mean EF of salivary glands was compared 
before and after the treatment by paired samples 
student’s t-test. A 5% reduction of EF after the 
treatment with I-131, compared to pre-treatment 
stage, was considered significant and indicative of 
salivary gland malfunction. The relationship between 
EF and variables including gland type, sex, age and 
clinical symptoms was assessed by chi-square test. 
Risk ratio (RR) of salivary gland dysfunction in the 
high-dose group in relation to low-dose group was 
calculated and a 95% confidence interval (CI 95%) of 
this RR was reported. P value of less than 0.05 was 
considered significant for each analysis. 
 

RESULTS  
 
The female to male ratio was 21 to 6 (77.8% vs. 
22.2%) in the low dose group and 20 to 7 (74.1% vs. 
25.9%) in the high dose group (p=0.750). As well, 
the average age was not significantly different 
between low- and high-dose groups (41.5±15.1 vs 
43.1±13.8, respectively, p=0,694). All DTC patients 

in high-dose group received 100 mCi. The average 
dose in low-dose group was 15.9±5.6 mCi (10-29.9 
mCi).   
According to acquired data, symptoms including eye 
dryness (xerophtalmia) and mouth dryness 
(xerostomia) was not significantly different in two 
groups (p=1.0 and p= 0.54, respectively). Hoarseness 
and shortness of breath have not been observed in 
any patients. In addition, EF as the main index of 
salivary gland function was not different between two 
groups (Table 1).  
There is noticeable reduction of excretion in both 
groups and in each of the four salivary glands except 
for right submandibular gland (Table 2). 
Salivary gland dysfunction occurred in 37 out of 108 
glands (34.3%) treated with lower dose RAI (<30 
mCi) whereas this effect was seen in 53 out of 108 
glands (49.1%) in the high dose (30-100 mCi) group 
(P<0.05; Table 3). 
The risk of salivary gland functional impairment is 
significantly more in patients received higher dose of 
RAI used for thyroid cancer than patients received 
lower dose for hyperthyroid state (Table 4). 
 

 
 
Table 1: Comparison of excretion fraction of different salivary glands before treatment between two studied groups. 

 Patient groups 

Salivary glands 
Significance 

DTC patients receiving 

30-100 mCi 

Hyperthyroid patients receiving 

<30 mCi 

0.134 49.8±  20.1 57.9 ± 19.2 Right parotid 

0.168 47.4± 20.8 53.1 ± 16.9 Left parotid 

0.289 29.7± 13.2 33.5 ± 13.3 Right submandibular 

0.956 28.4±12.2 28.6±12.5 Left submandibular 

 
 
 
Table 2: Comparison of excretion fraction of all salivary glands before and after radioiodine treatment. 

 Changes of (EF) before and after treatment in two groups  

 

Salivary glands 
P value After Before 

0.006 50.2±22.8 53.9±19.9 Right parotid 

0.006 46.6±20. 4 50.1±19.1 Left parotid 

0.087 31.4±15.5 31.6±13.2 Right submandibular 

0.017 26.0±15.2 29.8±16. 8 Left submandibular 
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Table 3: Frequency of salivary gland dysfunction in two groups received <30 mCi for hyperthyroidism and 30-100 mCi for thyroid carcinoma. 
 

 Patient groups  

Total 30-100 mCi <30 mCi 
 

Salivary Glands 

42 (38.9%) 27 (50.0%) 15 (27.8%) Parotid glands (n=54 in each group) 

48 (44.4%) 26 (48.1%) 22 (40.7%) Submandibular glands (n=54 in each group) 

90 (41.7%) 53 (49.1%) 37 (34.3%) Total (n=108 in each group) 

 
 
 
Table 4: Risk ratio comparison of salivary gland disorders between two groups of high dose and low dose of RAI therapy. 

P value 

95% Confidence Interval 

Risk Ratio 

Rate of disorder 

Salivary Glands 
  

Upper Lower <30 mCi 30-100 mCi 

0.015 2.99 1.08 1.8 15 (27.8%) 27 (50.0%) Parotid 

0.281 1.81 0.77 1.18 22 (40.7%) 26 (48.1%) Submandibular 

0.019 1.98 1.04 1.43 37 (34.3%) 52 (49.1%) Total 

 
 

DISCUSSION 
 
Radioiodine therapy is an effective treatment for both 
hyperthyroidism and thyroid cancer. However, there 
are several complications to this therapy that need 
consideration in management of these patients [1, 2]. 
The complications that are of more importance with 
regard to patient survival are persistent bone marrow 
suppression and second primary cancers. Bone 
marrow failure is rare, if maximal safe dose is 
considered [24-26]. However, although the risk for 
second primary malignancies is small but it is 
significant [27-29]. Gonadal dysfunction is another 
noteworthy potential complication of RAI therapy 
which could be either transient or permanent in both 
males and females [30-33].  
There are other late complications that, even though 
are not life threatening, can be quite troublesome and 
interfere with patients quality of life. These include 
sialadenitis with xerostomia, ageusia, lacrimal gland 
dysfunction, and thyroiditis [3-10, 34-37]. Ocular 
complications include xerophthalmia and epiphora 
which can be induced by nasolacrimal duct 
obstruction [35, 38-43]. Xerostomia and sialadenitis 

are more common late complications [44]. These side 
effects which are the focus of this study are 
bothersome complications of radioiodine treatment 
which can reduce patients’ wellness and in some 
cases seriously interfere with patients’ quality of life 
due to persistent dry mouth and   increased risk of 
dental caries [3-10, 35-37, 45]. Acute or chronic 
sialadenitis has been observed in 12-30% of patients 
receiving high dose I-131, with the time onset as 
short as two days to six months after the treatment, 
characterized by pain, tenderness, swelling, 
xerostomia, and bitter taste [2, 46, 47]. In view of the 
long survival period of patients with differentiated 
thyroid carcinomas attention should be drawn to this 
side effect. 
The present study confirms that salivary gland 
dysfunction is a common complication with a total 
frequency of 41.7% in all studied patients. The 
proportional frequency of this complication was 
34.3% in hyperthyroid patients received less than 30 
mCi vs. 49.1% in DTC cases treated with higher 
doses of 30-100 mCi of RAI. In a previous study, 
using similar method, the frequency of salivary gland 
dysfunction in the patients treated with 100 mCi I-
131 was 27.8% to 52.8% in different salivary glands, 
which correlates with our finding. In that study, the 
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rate of complication was even higher (57.1%-64.3%) 
in patients received 150 mCi [5]. However in 
Almeida et al study, there was no difference between 
doses higher or lower than 150 mCi in the functional 
ability of salivary glands [3].  Another study showed 
decreased excretory function of salivary glands in 
22.7% of DTC patients who received RAI treatment, 
which is a lower rate, compared to our study [48]. 
However this rate was given by visual interpretation, 
while our study is a semiquantitative approach, in 
which assessment of lower degrees of functional 
impairment was possible. In Bohuslavizki et al study, 
although salivary gland stimulation with ascorbic 
acid was used during radioiodine therapy, a 
significant activity-related functional impairment of 
14-90% was seen after 0.4-24 GBq of I-131 [13], 
which is comparable to our study. In a study by 
Malpani et al., the rate of damage to salivary glands 
after RAI for thyroid cancer was higher (72.7%) than 
our study (49.1%). However it should be noted that 
the higher I-131 dose received by patients in that 
study (Mean = 10.16 GBq) could explain this 
difference [10].  Abnormal salivary function was 
noted in 30% of patients after a dose up to 0.3 Ci, and 
in 60-80% after a dose of 0.5 to 1 Ci in another study, 
showing a cumulative risk of reduced function [49]. 
This adverse effect is related to the presence of 
Na+/I− (NIS) in the salivary glands. NIS is the 
plasma membrane glycoprotein that mediates the 
active uptake of I− to the thyroid for thyroid hormone 
biosynthesis. NIS also mediates I− uptake in other 
tissues, such as salivary glands, gastric mucosa, and 
lactating (but not nonlactating) mammary gland, 
therefore causing function impairment due to beta 
emissions of therapeutic doses of radioiodine [50]. 
 This complication, although less common following 
low-dose treatment of hyperthyroidism, is still 
remarkable in this group. Precautions to reduce this 
expected complication need serious application, even 
in patients treated with low dose of radioiodine. A 
lower dose of RAI can be used to reduce the 
probability of this disturbing complication. 
Prevention of the I-131 induced sialadenitis by 
parasympathomimetic drugs like pilocarpine is 
suggested. These sialogogue agents accelerate 
salivary flow and hence radioactive clearance from 
the salivary glands [51-53]. However, not all studies 
advocate the efficacy of this approach [54]. 
Amifostine is a more recent drug believed to be 
useful in the prevention of radiation damage through 
a cytoprotective effect [55-58]; yet, not supported by 
all authors [59, 60]. The concurrent application of 
physiologic sialogogues like candy and gum, 
adequate hydration, good oral hygiene and 
mouthwashes are the practical effective prevention 
methods [54, 55, 60-62]. Recently, a daily 
supplementation with 800 IU vitamin E for duration 
of 5 weeks (one week before to four weeks after RAI 

therapy) has been introduced to potentially cause a 
significant protective effect against radiation-induced 
dysfunction in salivary glands following single high 
dose RAI therapy in patients with differentiated 
thyroid cancer [63]. 
The limitation of this study is that the two groups of 
patients were incongruent, as in low dose 
hyperthyroid patients, high RAI thyroid uptake may 
lead to less radioiodine uptake in salivary glands and 
consequently less expected risk of salivary 
dysfunction. On the other hand, the DTC patients do 
not receive doses less than 30 mCi and hyperthyroid 
cases not usually above 30 mCi, as a result selecting 
a homogenous group for the study was not potentially 
feasible. 
 

CONCLUSION 
 
The current study shows that RAI can reduce salivary 
gland function. This effect is more prominent in 
higher dose of 100 mCi used for thyroid carcinoma 
compared to lower doses of less than 30 mCi used for 
the treatment of hyperthyroidism. The difference of 
complications observed in these patients may not be 
only due to the RAI dose, but also to the nature of the 
underlying diseases leading to different RAI uptake 
in the salivary glands.  However, the significant 
occurrence of this complication even after low dose 
of radioiodine administration signifies the importance 
of applying all necessary measures to reduce the 
potential complications as much as possible. 
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