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ABSTRACT
Objective: Differentiated thyroid cancer (DTC) is the most common endocrine cancer. The main therapeutic strategies are surgery 
and radioactive iodine (RAI) treatment in selected intermediate- and high-risk patients. Hyponatremia is the most frequent form 
of electrolyte imbalance and few studies have assessed the frequency and clinical impact of hyponatremia in patients with thy-
roid cancer. In this study, we aimed to determine the prevalence and severity of hypo¬natremia among hypothyroid patients in 
the peri-ablation period. The secondary objective was to assess the correlation between Sodium (Na) level and hypothyroidism 
severity, age, and RAI dosage.
Methods: A total of 51 patients with DTC who were referred to our Nuclear Medicine Department for RAI ablation/treatment were 
enrolled. Serum Na, thyroid-stimulating hormone (TSH), and free triiodothyronine and thyroxine levels were measured three times 
during the study (under LT4 suppression, when the patient was hypothyroid before and after receiving RAI). Baseline, pre-, and post-
RAI mean serum Na and other hormonal parameters were compared. The number of patients with hyponatremia and possible related 
symptoms were noted. Correlation of serum Na levels with age, RAI dosage, and hypothyroidism severity was determined.
Results: The number of patients with hyponatremia did not differ significantly in the baseline, pre-, and post-RAI periods. None of 
the patients experienced moderate-to-severe hyponatremia. There was no significant correlation between serum Na levels and 
age, serum TSH, or the hormone levels.
Conclusion: In conclusion, preparation for RAI treatment with LT4 withdrawal and or a low-iodine diet is not a common etiological 
factor for the development of hyponatremia in patients with DTC.
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INTRODUCTION 
Differentiated thyroid cancer (DTC) is the most common endo-
crine cancer and its incidence is increasing worldwide (1). Mortal-
ity rates are low, and it has an excellent prognosis in the absence 
of high-risk factors such as distant metastasis (2). The cornerstones 
of therapy are surgery and radioactive iodine (RAI) in selected in-
termediate and high-risk patients (3). RAI can be given for ablative, 
adjuvant, or treatment purposes. It decreases regional recurrenc-
es and disease specific mortality (4). RAI treatment has acute and 
chronic complications such as sialadenitis, transient testicular or 
ovarian dysfunction, and secondary malignancies (2).

Before RAI treatment, high levels of TSH is essential to increase 
the uptake of iodine and for effective ablation of the remnant tis-

sue. High TSH can be achieved either with withdrawal of levothy-
roxine for 4–6 weeks after total or near total thyroidectomy or 
with the highly purified, recombinant form of TSH (rhTSH).

Hyponatremia is the most frequent electrolyte imbalance in 
routine clinical practice. To date, few studies have assessed the 
frequency and clinical impact of electrolyte imbalance on pa-
tients with thyroid cancer (5). It can be caused by lowered water 
clearance and inappropriately high concentration of anti-diuret-
ic hormone (ADH) due to iatrogenic hypothyroidism, which is re-
quired for the maximum uptake of RAI within the remnant tissue 
and for effective ablation (6). In the setting of hypothyroidism, 
a decreased glomerular filtration rate is shown to directly lower 
the free water excretion by decreasing the delivery of water to 
the diluting segment of the renal tubules, which may contribute 
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to the further dilution and worsen the hyponatremia (6). Anoth-
er possible explanation for hyponatremia is the low-iodine diet 
(LID) that is started two to four weeks prior to RAI treatment to 
eliminate dietary iodine interference and facilitate the uptake of 
RAI (7). Such a LID protocol usually ends up with low dietary salt 
intake, and rarely severe hyponatremia cases.

In this study, we aimed to determine the prevalence and severity 
of hyponatremia in hypothyroid patients during the peri-abla-
tion period. In order to show the effect of hypothyroidism on the 
occurrence of hyponatremia, we compared the sodium levels 
measured on and off LT4 treatment. We also compared the pre 
and post-RAI hyponatremia prevalence to see if RAI treatment it-
self had a separate effect on the serum sodium levels. Secondary 
purposes were to describe the demographic profile of hypothy-
roid DTC patients, to determine the correlation of TSH, age, fT3 
and T4 levels and RAI dosage with serum sodium levels in the 
pre- and post-RAI period.

METHODS 
We prospectively enrolled 51 patients who were admitted to our 
tertiary center’s endocrinology outpatient clinics and diagnosed 
with DTC after total thyroidectomy with or without lymph nodes 
dissection and referred to the Nuclear Medicine Department for 
RAI ablation between September 2019 and February 2020. Before 
starting the study, we obtained the local ethical board approval 
in accordance with principles of the Declaration of Helsinki. RAI 
ablation decision was made by a multidisciplinary team including 
endocrinologists, surgeons, nuclear medicine, and pathology spe-
cialists. Informed consent was obtained for each patient before 
the treatment. To minimize the confounding factors that could 
cause hyponatremia, patients with comorbid conditions such as 
congestive heart failure, using diuretics including thiazides, chron-
ic or acute kidney failure or cirrhosis were excluded. Demographic 
and clinical data of the patients such as age, gender, presence of 
hypertension or diabetes, the dosage of the RAI received, tumor 
subtype, duration of LID, and indication for RAI were recorded.

The standard protocol for RAI treatment in our institution is 
L-thyroxine withdrawal for 21 days and LID for 14 days before 

the treatment. Serum Na, TSH, free T3 and T4 levels were mea-
sured (Siemens, Atellica®) three times during the study; at the 
time when the patient was seen in the multidisciplinary coun-
cil while using L-thyroxine (8–12 weeks after the operation) 
(baseline), the day before RAI ablation, and five to seven days 
after RAI at the time of post treatment whole body scanning. 
Mean sodium concentrations and the prevalence of mild hypo-
natremia (130–134 mEq/L), moderate hyponatremia (120–129 
mEq/L), and severe hyponatremia (<120 mEq/L) were deter-
mined. The normal reference range for serum sodium concen-
trations is 135–145 mEq/L. Clinical symptoms of hyponatremia 
that may be associated with hyponatremia were questioned if 
hyponatremia was detected.

Statistical Analysis
The Statistical Package for the Social Sciences, version 25 (IBM 
SPSS Corp.; Armonk, NY, USA) was used for the statistical analysis. 
Descriptive analysis was performed in order to identify the base-
line characteristics of the hypothyroid patients. Mean, standard 
deviation, and range were used to describe continuous vari-
ables (serum sodium levels), while Median was used to describe 
non-parametric variables (age and TSH concentration). Baseline 
Na (under LT4 treatment), pre-RAI and post-RAI Na, TSH, and free 
T3 and T4 levels were compared with the Non-parametric Fried-
man test. Sex was described using number and percentage. Cor-
relations were analyzed using Spearman test. A P value of less 
than 0.05 was statistically significant.

RESULTS 
A total of 51 patients with DTC who underwent total/near total 
thyroidectomy and were determined to receive RAI treatment 
(ablative/adjuvant or therapeutic) were enrolled. Of these, 38 
(74.5%) were females and 13 (25.5%) were male. The mean age 
was 47.9±12.5 years (min–max; 20–77). As a comorbid condition, 
four patients had asthma, seven had diabetes, and eleven had 
hypertension. Median RAI dosage was 50 mCi (min–max; 30–200 
mCi). Forty-seven patients had papillary thyroid carcinoma (4 
with columnar cell, 2 with tall cell 1 with hobnail, and 40 with 
classical variant), whereas four had follicular carcinoma (one was 
minimally invasive and three had vascular invasion). The indica-
tions for RAI were large tumor size, presence of lymph node or 
distant metastasis, extrathyroidal extension, presence of poor 
prognostic variant or inappropriately high thyroglobulin (Tg) lev-
el after the surgery (1). Demographic and clinical characteristics 
of patients are presented in Table 1. 

Median TSH concentration under L-thyroxine treatment before 
withdrawal was 1.3 (min–max; 0.01–15) (mU/L). Median free T3 
and T4 levels at the baseline under LT4 treatment were 3.0 ng/L 
(0.2–5.4) and 1.14 ng/dL (0.4–1.7), respectively. Mean baseline se-
rum Na level was 140.2±0.7 mEq/mL. The minimum Na level was 
135 mEq/L and none of the patients had hyponatremia (Table 2).

Median TSH concentration measured the day before RAI treat-
ment was 103 (mU/L) (min–max; 0.5–150). Median free T3 and 
T4 levels were 1.3 ng/L (0.2–3.5) and 0.5 (0.09–0.98), respectively. 
Pre-RAI mean Na was 139±2.4 and only one patient had hypona-
tremia (134 mEq/L) (Table 2).234
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Main Points:

• Postoperative RAI treatment is widely recommended in 
DTC for remnant ablation and treatment of residual or met-
astatic disease. Before RAI treatment, LID and high levels of 
TSH are essential to increase the uptake of iodine.

• Hyponatremia is the most frequent electrolyte imbalance 
and hyponatremia could be present in patients with hy-
pothyroidism; however, its frequency and severity has not 
been well documented in the pre-ablation and post-RAI 
period.

• Our results present that; preparation for RAI treatment with 
LT4 withdrawal and or LID is not a common etiological fac-
tor for the development of hyponatremia in patients with 
DTC and clinicians should not be greatly concerned about 
rare, life-threatening hyponatremia during preparation for 
RAI treatment



Median TSH concentration measured 5–7 days after RAI was 87 
(mU/L) (min–max; 4–150). Median free T3 and T4 levels were 1.38 
(0.2–3) and 0.29 ng/dl (0.02–1.13), respectively. Mean Na was 
140±2.5 and minimum Na was 131 mEq/L (Table 2). Two patients 
had mild hyponatremia (134 and 131 mEq/L)

Baseline TSH under LT4 treatment was significantly lower than the 
pre- and post-RAI TSH levels as expected (p<0.001). There was no 
significant difference between the pre-RAI and post-RAI TSH levels. 
Free T3 level was significantly lower in pre-and post-RAI measure-
ments compared to the baseline (under LT4) (p<0.001). Baseline 

Free T4 was significantly higher than pre-and post-RAI fT4 (p<0.001). 
There was also no significant difference between the pre- and post-
RAI groups regarding ft4, with higher levels in the post-RAI mea-
surements (p=0.01). There was no statistically significant difference 
between baseline, pre-RAI, and post-RAI Na levels (p=0.28). The 
number of patients with hyponatremia did not differ significantly 
in baseline, pre- and post-RAI periods. None of the patients experi-
enced moderate-to-severe hyponatremia or related symptom.

In Spearman test, there was no significant correlation between 
serum Na and age, Serum TSH and free hormone levels (Table 3).
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Table 1. Demographic and Clinical Characteristics of the Patients with DTC 

Mean age (years) 47.9±12.5 

Sex (female/male) (no/%) 38 (74.5)/13 (25.5)

Median RAI dosage (mCi)(min–max) 50 (30–200)

Pathologic subtype (no) (papillary/follicular) Papillary: 47

Classical variant: 40

Columnar cell:4

Tall cell: 2

Hobnail: 1

Follicular Cancer:4

Minimally invasive :1

Extensive vascular invasion:3

Comorbid condition Asthma:4

DM:7

HT:11

Duration of low-iodine diet (days) 14 days

Indications for RAI treatment (no) Extrathyroidal extension :3

Distant metastasis:2

Poor prognostic variant:7

Vascular invasion:3

Lymph node metastasis:9

Inappropriately high postoperative Tg:9

Large Tumor size:8

Anti Tg positivity:2

Patient’s choice: 2

Multifocality:6

Table 2. Comparison of baseline, pre and post-RAI laboratory parameters

Baseline (under LT4) Pre-RAI Post-RAI p

TSH (mU/L) (median; min–max) 1.3 (0.01–15) 103(0.5–150) 87(4–150) <0.001

f T4 (ng/dL) (median; min–max) 1.14 (0.4–1.7 0.5 (0.09–0.98) 0.29(0.021.13) <0.001

f T3 (ng/L) (median; min–max) 3.0 (0.2–5.4) 1,3 (0.2–3.5) 1.38 (0.2–3) <0.001

Na (mean) mEq/L 140.2±0.7 139±2.4 140±2.5 0.28



DISCUSSION 
Thyroid cancer constitutes the 3.0% of all new cancer cases 
in the U.S.A and based on the national cancer database, there 
were 52,070 newly diagnosed cases with 2170 deaths from the 
disease in 2019 (8). Papillary and follicular carcinoma make up 
95% of all DTC cases. RAI after total/near total thyroidectomy are 
well established treatments in DTC. RAI treatment is now being 
reserved for high and selected intermediate risk patients since 
there should be a balance between therapeutic efficacy and un-
wanted side effects (9).

In patients who undergo RAI treatment, the uptake depends on 
the adequate stimulation with TSH that can be obtained either 
by LT4 withdrawal (THW) or administration rhTSH (10). LT4 with-
drawal is associated with side effects such as fatigue, constipa-
tion, emotional disturbance, decreased intellectual functions, 
and worsening of heart failure symptoms. Hyponatremia is one 
of possible complications of RAI (11). Hyponatremia developing 
due to hypothyroidism may occur as a result of several mecha-
nisms involving renal, cardiovascular and hypothalamo-adrenal 
systems (12). Hypothyroidism also has effects on almost all com-
ponents of the renin-angiotensin-aldosterone system, including 
renin generation, production of angiotensinogen in the liver, se-
cretion and inactivation of aldosterone in the adrenal glands (5).

In our study, the aim was to determine the frequency of hypo-
natremia during the peri-ablation period in the absence of other 
confounding etiological factors. We also aimed to determine the 
association between hypothyroidism severity, RAI dosage, and 
age with the serum Na levels. In our study, severe or moderate 
hyponatremia or associated symptoms were not detected. There 
was mild hyponatremia in pre- and post-ablation measurements 
in two cases, but the frequency was not different from that of 
the baseline measurements taken under LT4 suppression. The 
rate of hyponatremia in our study group was lower than that of 
other cancers, which may be attributed to the patients’ charac-
teristics such as young age, short hospital stay, and less comor-
bid conditions (13). There are several case reports of severe and 
symptomatic hyponatremia in the literature after thyroid hor-
mone withdrawal that mostly occurred in elderly patients using 
diuretics (14). Our results are compatible with the two previous 
studies such that none of the patients prepared for RAI with 
both THW and LID had Na levels of <130 mEq/L (8, 15). To de-
termine the effect of RAI itself on the development of hypona-

tremia, we compared Na levels for the day before and 5–7 days 
after RAI treatment. The frequency of hyponatremia was similar 
in pre- and post-RAI measurements in our study. However in a 
previous report, hyponatremia after RAI and isolation was more 
common at a prevalence of 26.7% compared with that at 7% 
pre-RAI treatment (16). The possible explanations for that differ-
ence were nausea and vomiting after RAI treatment and patient 
anxiety that potentiated the ADH secretion. In our study, we did 
not detect any correlation between serum Na level and hypothy-
roidism severity, which was consistent with that reported by two 
previous studies (17, 18).

LID was administered to the patients 2 weeks before RAI treat-
ment at our center. Such an LID is usually accompanied with low 
salt intake, and reports of severe symptomatic hyponatremia de-
veloped due to LID are scarce. In those reports, it was suggested 
that a prolonged LID, low salt intake, and the use of thiazide di-
uretics in elderly patients are risk factors for the development of 
severe hyponatremia (19). We advise our patients to take non-io-
dinated salt in the diet, which may have reduced the incidence 
of hyponatremia. Moreover, exclusion of patients using medica-
tions that may worsen hyponatremia might have contributed to 
the low incidence of Na imbalance.

This study had some limitations, including the limited number of 
patients. Another limitation is that patient-related factors such 
as the amount of hydration performed post-RAI treatment and 
adherence to low salt intake and LID pre-RAI therapy that may 
affect results of this study were not evaluated.

CONCLUSION
Preparation for RAI treatment with LT4 withdrawal and or LID is 
not a common etiological factor for the development of hypona-
tremia in patients with DTC. Hyponatremia was neither prevalent 
nor severe or symptomatic during preparation for RAI treatment 
when it occurred. Clinicians should not be greatly concerned 
about rare, life-threatening hyponatremia during preparation for 
RAI treatment and should not exaggerate the possibility of the 
development of severe hyponatremia.

Ethics Committee Approval: Ethics committee approval was received for 
this study from the ethics committee of Ankara City Hospital (E1- 20-428).

Informed Consent: Written informed consent was obtained from pa-
tients who participated in this study.236
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Table 3. Correlation of serum Na with age, f T3, T4 andRAI dosage

Pre-RAI Sodium Post-RAI Sodium

 Correlation Coefficient p Correlation Coeeficient p

TSH 0.084 0.57 0.48 0.74

f T4 −0.15 0.92 0.109 0.44

f T3 0.40 0.68 −0.68 0.63

Age −0.91 0.54 −0.93 0.52

RAI dose - - 0.22 0.12
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