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Risk Factors for Persistent Atrial Fibrillation Following
Successful Hyperthyroidism Treatment

with Radioiodine Therapy
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Abstract

Objective To investigate the predicting factors for persistent atrial fibrillation (AF) following radioiodine

therapy for hyperthyroidism.

Methods Standard 12-lead ECG and 24-h Holter monitoring were performed in 94 patients (38 males,

mean age 46.1±8.2 years) with persistent AF following radioiodine therapy for hyperthyroidism. Left ven-

tricular (LV) function was assessed with two-dimensional echocardiography.

Results Euthyroidism or hypothyroidism was achieved in 81% and 19% of the patients, respectively, after

radioiodine therapy. At the end of follow-up (1.6±1.3 years), LV ejection fraction in the 52 patients with LV

dysfunction was increased from 39.3±3.3% to 59.0±5.5% (p<0.01). In the 38 patients with pre-treatment par-

oxysmal AF, no AF was documented during the follow-up. In the 45 patients with pre-treatment persistent

AF, AF was found in 27 (60%) during the follow-up. Multivariate logistic regression analysis showed that

more than 55 years old in age (RR 2.76, 95% CI: 1.16-8.79, p<0.01), duration of hyperthyroidism (RR 3.08,

95% CI: 1.22-11.41, p<0.01) and duration of pre-treatment atrial fibrillation (RR 2.96, 95% CI: 1.31-7.68, p<

0.01) were independent predictors for persistent AF following radioiodine therapy.

Conclusion Older age, duration of hyperthyroidism and pre-treatment duration of AF are risk factors for

persistent AF following radioiodine therapy.
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Introduction

Atrial fibrillation (AF), atrial enlargement and congestive

heart failure are important cardiac complications of hyper-

thyroidism and are prevalent in patients aged 60 years or

older (1). Higher serum free T4 concentrations at diagnosis,

toxic nodular hyperthyroidism, male gender, and older age

were independently associated with the risk of AF (2).

Hyperthyroidism-induced AF often spontaneously reverts to

sinus rhythm after the return of euthyroid state, but a sig-

nificant number of patients remain in persistent AF. When

the persistent AF is cardioverted, AF may recur in nearly

60% of the patients within 12 months of the cardiover-

sion (3). Radioiodine has been used to treat hyperthyroidism

and associated AF for several decades (4, 5); however, hos-

pitalizations due to AF remained higher than in the non-

hyperthyroidism-induced AF several years after radioiodine

therapy (6). There has been limited data on the factors con-

tributing to the persistent AF following radioiodine treatment

of hyperthyroidism.

In this clinical observation, we describe the effect of ra-

dioiodine therapy on the outcomes of AF, and investigate

the risk factors for persistent AF following the successful

treatment of hyperthyroidism.
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Table　1.　Baseline Data of the 94 Patients

Age (years) 46.1 ± 8.2 (28-77)
83elaM (40.4%) 

Hypertension  12 (12.8%) 
Paroxysmal AF (PAF) 38 (41.5%) 
   Episodes of PAF per year 57.5 ± 2.3 (16-145) 
Persistent AF 55 (58.5%) 
Heart failure*  52 (55.3%) 
All had heart failure symptoms and enlargement of the left or right ventricle on 
echocardiography. AF: atrial fibrillation.

Materials and Methods

This study was approved by the institutional review board

of Liaocheng People’s Hospital, a major tertiary teaching

hospital in inland Shandong Province of China that provides

medical services to approximately 6 million people. Hyper-

thyrodism was managed by thyroidectomy, anti-thyroid

drugs or radioiodine therapy in our hospital, and the selec-

tion of management strategies was dependent upon the pa-

tient’s individual conditions and preferences. Between Janu-

ary 2001 and May 2008, 218 patients with hyperthyroidism

were referred to the Department of Nuclear Medicine for ra-

dioiodine therapy. Hyperthyroidism was diagnosed clinically

and on the basis of a technetium-99m or 131I thyroid scan

showing a diffuse uptake of isotope. In each case hyperthy-

roidism was confirmed by finding a lack of plasma thyrotro-

phin response to thyrotrophin releasing hormone, associated

with raised concentrations of plasma total thyroxine (T4)

and triiodothyronine (T3), and decreased thyroid stimulating

hormone (TSH) (4).

One-hundred and thirty-two patients completed regular

follow-up at our department for up to 5 years. Of these pa-

tients, 94 had paroxysmal (n=39) or persistent AF (n=55)

proved by 12-lead ECG. The data on the 94 patients were

selected for further analysis. The general characteristics of

these patients are listed in Table 1. Paroxysmal AF was de-

fined as recurrent, transient episodes, reverting to sinus

rhythm spontaneously, whereas persistent AF was defined as

AF that does not convert to sinus rhythm spontaneously or

with treatment of AF.

Radioiodine therapy

All anti-thyroid drugs were ceased for at least a week be-

fore the radioiodine therapy. No antiarrhythmic drugs were

administered during or after the radioiodine treatment. Pa-

tients with symptoms of heart failure or ventricular enlarge-

ment were treated with conventional heart failure medica-

tions; most were loop diuretics, angiotensin-converting en-

zyme (ACE) inhibitors and digoxin. Β-blockers were also

administered to patients with symptomatic tachycardia.

The dose of 131I (MBq) was determined by the following

formula: 131I = expected 131I dose per gram of thyroid tissue

× weight of the thyroid × the highest uptake rate. The

weight of the thyroid in each patient was estimated by ultra-

sound thyroid imaging. The expected 131I dose per gram of

thyroid tissue was set at 3.50 MBq. A single dose was ad-

ministered if the calculated dose was less than 555 MBq. If

the calculated dose was more than 555 MBq, the total dose

was divided into two, with 2/3 of the dose given on day 1,

and 1/3 of the dose given on day 6.

Plasma T3, free T3, T4 and TSH were measured 3

months after the initial 131I treatment. If the results of these

tests were indicative of hyperthyroidism, and/or thyroid en-

largement remained, a second course of 131I treatment was

carried out. Post-treatment hypothyroidism was defined on

the basis of a low plasma total T4 value (<60 nmol/L; 4.7

μg/100 mL) and an elevated plasma thyrotrophin concentra-

tion (>5.7 mU/L) (4). Thyroxine replacement therapy was

prescribed to patients with hypothyroidism.

Follow-up

All patients were followed up at our outpatient clinics

every 3 months. In addition to clinical examination on each

occasion, venous blood was withdrawn for the estimation of

T3, free T3, T4, and TSH on each visit during the first 12

months. Standard 12-lead ECG and 24-h Holter monitoring

ECG were recorded every 3 months during the first year,

and every 6 months thereafter. Transthoracic echocardiogra-

phy was also performed every 6 months to assess ventricular

structure and function. Left ventricular ejection fraction

(EF), left ventricular end-diastolic and end-systolic diame-

ters were measured on the two-dimensional echocardiogra-

phy.

Statistical analysis

Data were presented as means ± standard deviation (SD)

or as percentages where appropriate. One-way analysis of

variance (ANOVA) was used for comparison of means

among groups. Categorical data were analyzed by Chi-

square test. Multivariate associations were analyzed using

logistic regression to evaluate the independent contributions

of the variables to the risk of persistent AF. The associations

were quantified with risk ratios (RR) and 95% confidence

intervals (95% CI). SPSS software (Version 13.0, Chicago,

USA) was used for statistical analysis. A two-sided p value

of less than 0.05 was considered statistically significant.
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Table　2.　Thyroid Hormones before and after 131I Treatment

FT3 (pmol/L)       FT4 (pmol/L)       TSH(mIU/L)
Before (n=94)       29.26±6.20        73.14±14.32       0.008±0.01

3 months (n=94)     9.21±3.63         25.21±6.79        19 0.12±0.06
6 months (n=94)     5.63 ±1.98         16.54±4.76        1.28±0.27
12 months (n=93)    4.89 ±1.32 12.20±4.37        2.53±0.50
p < 0.01           <0.01 <0.01

Table　3.　Cardiovascular Drugs before and after Radioio-
dine Treatment

 Before (n=94)    After (n=93) p 
Aspirin         52 (55.3%)     16 (17.2%)       <0.05 
Digoxin        32 (34.0%)      3 (3.2%)        <0.01 

-blockers 62 (66.0%) 11 (11.8%) <0.01 
ACE inhibitors 52 (55.3%) 32 (34.4%) >0.05 
Diuretics 52 (55.3%) 0 <0.01 
Anti-arrhythmic drugs 19 (20.2%) 0 <0.01 

Results

Effect on thyroid function

After the first course of radioiodine therapy, euthyroidism

or hypothyroidism was achieved in 61 patients (64.9%).

Second course of radioiodine therapy was carried out 3

months after the first therapy in the remaining 33 patients,

resulting in euthyroidism or hypothyroidism in 30 patients.

A third course of radioiodine treatment was given to the re-

maining 3 patients, leading to euthyroidism in all. Overall,

after 12 months of treatment, 76 patients achieved euthy-

roidism (80.9%) and 18 achieved hypothyroidism (19.1%).

One patient died of pulmonary embolism 8 months after

the radioiodine therapy. The remaining 93 patients were fol-

lowed up from 12 months to 5 years (average 1.6±1.3 years,

median 1.4 years). Euthyroidism or hypothyroidism was

maintained in all but 5 patients. In the 5 patients with recur-

rent hyperthyroidism, 3 also had recurrent AF. Another

course of radioiodine therapy was administered and thyroid

function was within the normal range during the subsequent

follow-ups from 16 to 23 months. This also resulted in the

restoration of sinus rhythm in the 3 patients who had recur-

rent AF. The average values of thyroid hormones are listed

in Table 2.

Effect on ventricular function

Before radioiodine therapy, 52 patients had symptoms of

heart failure and echocardiographic evidence of the left ven-

tricular dysfunction. All patients were treated with ACE in-

hibitors and loop diuretics (Table 3). At the end of this

study, all patients were symptom free and none of the pa-

tients required loop diuretics. Thirty-two remained on mini-

mum dose of ACE inhibitors and few were on β-blockers or

digoxin. The echocardiographic measurements before and

after the treatment are shown in Table 4. There was a sig-

nificant increase in the left ventricular EF. The left ventricu-

lar end-diastolic and end-systolic diameter was significantly

reduced.

Effect on atrial fibrillation

Thirty-eight patients who had paroxysmal AF (excluding

the one who died of pulmonary embolism) before the treat-

ment did not experience any symptoms of AF during the

follow-up. Standard 12-lead ECG and Holter monitoring

showed no evidence of AF in these patients. In the 45 pa-

tients with persistent AF, sinus rhythm resumed in 18

(40.0%). In the remaining 27 patients, persistent AF contin-

ued at the end of this study. However, the AF symptoms

such as palpitations were relieved in all, and the mean ven-

tricular rate in the 27 patients was reduced from 136.4±8.1

beats/min before radioiodine therapy to 102.1±4.7 beats/min

(p<0.01). Sixteen of these patients (59.3%) were prescribed

with aspirin for the prevention of thromboembolic events.

The characteristics of the 27 patients who continued to

have AF (persistent AF group) were compared with the 18

patients who were in sinus rhythm after the radioiodine ther-

apy (Table 5). The main differences are that the continuous

AF group was older, had a longer duration of hyperthyroid-

ism, and lower left ventricular EF before the treatment (Ta-

ble 5). There was no significant difference in the post-

treatment left atrial or ventricular dimensions, left ventricu-

lar EF or thyroid hormones between the two groups. Multi-

variate logistic regression analysis, which included age

(more than 55 years), history of hypertension, left atrial di-

mension, left ventricular ejection fraction, pre-treatment du-

ration of atrial fibrillation, duration of hyperthyroidism, and

pre-treatment levels of T4 or T4, showed that more than 55

years old in age (RR 2.76, 95% CI: 1.02-8.79, p<0.01), a

long duration of hyperthyroidism (>5 years) (RR 3.08, 95%

CI: 1.22-11.41, p<0.01), and a long pre-treatment duration

of atrial fibrillation (RR 2.96, 95% CI: 1.31-7.68, p<0.01)

were independent predictors for persistent AF following the

radioiodine therapy.

Discussion

The prevalence of AF in patients with hyperthyroidism

ranges between 2% and 20%, and the risk is approximately

6 fold the normal thyroid population (7). β-blockers are one

of the mainstays of treatment of AF in the setting of hyper-

thyroidism (7). Selective or non-selective β-blockers can

provide rapid symptom relief by reducing the ventricular
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Table　4.　Echocardiographic Examination before and after Ra-
dioiodine Treatment in the 52 Patients with Left Ventricular Dys-
function

 LAD(mm) LVEDD(mm)   LVESD(mm)  LVEF(%)    
Before (n=94)  28.5 ± 2.4    57.4 ± 5.3      45.2 ± 5.4 39.3 ± 3.3    
After (n=93)   27.1 ± 2.2    46.2 ± 2.1      33.9 ± 4.1 59.0 ± 5.5    
p >0.05 <0.01 <0.01 < 0.01       
LAD: left atrium dimension; LVEF: left ventricular ejection fraction; LVEDD: left 
ventricular end-diastolic diameter; LVESD: left ventricular end-systolic diameter. 

Table　5.　Characteristics of the Patients Who Had Persistent AF before 
Radioiodine Therapy and Continue to Have AF after the Therapy

AF terminated 
(n=18)

AF continued 
(n=27)

p 

Age (years) 36.5±4.3 58.4±5.5 <0.05
Male 8 (44.4%) 12 (44.4%)  >0.05
Duration of hyperthyroidism 
(years)

2.6±0.4 9.4±0.8 <0.05

Duration of AF (years) 2.1±0.5 6.4±1.3 <0.05
Echo data before treatment
   LVEF (%) 45.3±3.7 39.5±3.5 <0.05 
   LAD (mm) 28.1±2.3 27.9±2.6 >0.05 
   LVEDD (mm) 59.2±4.3 63.5±5.2 >0.05 
   LVESD (mm) 49.2±5.4 50.1±5.7 >0.05 
Echo data after treatment
   LVEF (%) 59.4±5.5 57.9±5.1 >0.05 
   LAD (mm) 27.8±2.6 28.2±2.0 >0.05 
   LVEDD (mm) 46.3±4.6 47.4±4.0 >0.05 
   LVESD (mm) 35.4±3.3 34.9±3.9 >0.05 
Thyroid function after therapy
    FT3 5.5±1.5 5.2±1.4 >0.05 
    FT4 14.3±2.9 15.1±3.0 >0.05 
    TSH 2.9±0.5 3.3±0.5 >0.05 
AF: atrial fibrillation; LAD: left atrium dimension; LVEF: left ventricular ejection fraction; 
LVEDD: left ventricular end-diastolic diameter; LVESD: left ventricular end-systolic 
diameter. 

rate, but these agents are unlikely to convert AF to sinus

rhythm as they have little effect on hyperthyroidism, the pri-

mary cause of cardiac stimulation and AF. Therefore, resto-

ration of euthyroidism by radioiodine or anti-thyroid drugs

is the ultimate treatment of choice for long-term AF man-

agement in this setting.

Despite the long experience with radioiodine for hyper-

thyroidism, controversy remains regarding the optimal

method to determine the dose of radioiodine that is required

to achieve long-term euthyroidism (8). The radioiodine

doses derived from standardized activity estimation or from

dosimetric calculation, based on 4- and 24-h radioiodine up-

take and the weight of the thyroid gland resulted in an

equally successful treatment outcome (8). In the present

study, the dose of radioiodine was estimated based on the

ultrasound-measured weight of the thyroid gland. Using this

estimated dose we achieved euthyroidism or hypothyroidism

in almost 65% of the patients after the first course of ther-

apy. After 12 months, hyperthyroidism was controlled in all

patients, including 81% of euthyroidism and 19% of hypo-

thyroidism. These results suggest that although the dosing

regimen of radioiodine used in the present study took 12

months to reach its effect in all patients, the treatment suc-

cess compares favourably to the reported success rates

which range from 4-73% (8). Furthermore, with this dosing

regimen hypothyroidism and life-long thyroxin replacement

therapy can be avoided in a majority of the patients.

Successful treatment of hyperthyroidism with either ra-

dioiodine or thioureas is associated with a reversion to sinus

rhythm in a majority of patients within 2 to 3 months (9). In

the present study, after euthyroidism or hypothyroidism

states were achieved, very frequent paroxysmal AF before

the radioiodine therapy (average 57.5 episodes per year) in

the 38 patients ceased, and no recurrence was noted at the

end of the follow-up. Persistent AF, however, spontaneously

converted to sinus rhythm in only 40% of the patients, but

persistent AF continued in the remaining patients. Further

analysis showed that older age (>55 years) and a long dura-

tion of hyperthyroidism of more than 5 years, and a long

duration of pre-treatment AF are independent predictors for

continued AF following the successful treatment of hyper-

thyroidism. The association between advanced age and AF

is probably not unique to patients with treated hyperthyroid-

ism, as a prevalence of AF in the elderly is higher than in
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younger subjects (10). The association between the duration

of hyperthyroidism and persistent AF may be due to a

greater impact of hyperthyroidism on left ventricular func-

tion or atrial anatomy than in patients with a shorter dura-

tion of hyperthyroidism. Untreated AF over a prolonged pe-

riod of time may cause remodelling of the left atrium and

ventricle, and persistent AF following hyperthyroidism ther-

apy (3).

The management strategies for persistent AF following

hyperthyroidism treatment are not entirely clear. The current

recommendations are that after the patient has been rendered

chemically euthyroid, electrical or pharmacological car-

dioversion should be attempted (7). Elective cardioversion

for those whose AF persists is highly effective and sinus

rhythm maintenance rates are greater than 50% over 10

years (11). The addition of anti-arrhythmic drugs may also

help to maintain sinus rhythm in these patients (11).

Anticoagulation of patients with hyperthyroidism and AF

is controversial (7, 12), as the risk for systemic thromboem-

bolic events in the setting of thyrotoxicosis is not well de-

fined (13), and anticoagulation drugs such as warfarin, are

associated with a significant risk of bleeding complications

and other side effects (10). There are beliefs that in patients

with hyperthyroidism it is advancing age rather than the

presence of AF that is the main risk factor (12) for a throm-

boembolic event, and in younger patients without organic

heart disease, hypertension, or other independent risk factors

for embolization, the benefits of anticoagulation may actu-

ally be outweighed by the risks (7). In the present study, an-

ticoagulation was not prescribed to the patients with restored

sinus rhythm following radioiodine therapy. In the 27 pa-

tients with persistent AF, only 16 (59.3%) received aspirin

for anti-platelet therapy. As these patients were older (mean

age 58.4 years) and the risk for thromboembolic events may

be higher than otherwise younger patients (10), further stud-

ies are necessary to ascertain whether or not anticoagulation

would actually reduce the risk of long-term thromboembolic

events.

In conclusion, radioiodine therapy results in a high rate of

euthyroidism in patients with hyperthyroidism. In a majority

of the patients with AF, sinus rhythm can be restored fol-

lowing the successful treatment of hyperthyroidism. Older

age and longer duration of hyperthyroidism are the risk fac-

tors for persistent AF following the successful treatment of

hyperthyroidism.
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