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(2) Abstract 30 

Abstract 31 

Background 32 

The epidemiology and natural history of autonomously functioning thyroid 33 

nodules (AFTNs) have not been elucidated. Here we report the pregnant Japanese woman 34 

with an AFTN.  35 

Case presentation 36 

The patient was a 31-year-old woman who was hospitalized due to the placenta 37 

previa associated with threatened abortion at the 16 weeks of her third pregnancy. At her 38 

second pregnancy, she was euthyroid but had a single, 2.3 cm nodule on her right thyroid 39 

lobe. Her thyroid hormone level was trended increased with her pregnancy progression, 40 

and the thyrotoxic state was remained after delivery. Before her third pregnancy, her 41 

hyper-vascular nodule enlarged to 3.4 cm at regular monitoring. When she visited our 42 

hospital, she was at 16 weeks of pregnancy and had thyrotoxicosis with negative TSH-43 

receptor antibody. She delivered a baby weighing 2,615 grams without hypothyroidism 44 

at 39 weeks of pregnancy by natural delivery. After delivery, a 99mTc scintigram showed 45 

a hot spot in her right thyroid lobe. She was diagnosed with AFTN and treated with 46 

methimazole while nursing. 47 

Conclusions 48 

This case showed that hCG stimulation during pregnancy caused thyroid nodule 49 

enlargement and enhanced thyroid hormone production. The pregnancy could be the 50 

pathological stimulus and provides chance to diagnosis for AFTNs. 51 

 52 

Key words 53 
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(3) Main text 56 

 57 

Background 58 

 An autonomously functioning thyroid nodule (AFTN) is a common cause of 59 

hyperthyroidism, especially in iodine-deficient areas [1]. Epidemiologically, half of all 60 

causes of hyperthyroidism in regions with iodine deficiency are AFTNs [1]. In such 61 

iodine-deficient area, somatic mutations of the thyrotropin (TSH)-receptor gene and the 62 

gene encoding the α subunit of stimulatory GTP-binding protein (Gsα) have shown to be 63 

the main causes of a functional goiter [2,3].  64 

In Japan, an iodine-rich region, more than half of the AFTN patients display 65 

somatic mutations of the TSH-receptor gene or Gsα gene as that of similar to iodine-66 

deficient region [4]. However, in Japan the incidence of AFTN is a very rare and accounts 67 

for approximately 0.15-0.3% of all hyperthyroidism patients in Japan[5]. According to an 68 

epidemiological survey from Denmark, the average ages at diagnosis of multinodular 69 

toxic goiter and solitary toxic adenoma were 75.2 and 65.5 years, respectively [6]. When 70 

limited to younger patients in this cohort, hyperthyroidism caused by an AFTN was quite 71 

rare under the age of 40 years. For these reasons, the natural history and disease onset of 72 

young AFTN patients are not well established.  73 

 74 

Case presentation 75 

The patient was a 31-year-old Japanese woman who was pregnant with her third 76 

child. She had no specific past medical history other than bronchial asthma. When she 77 

was 27 years old in her second pregnancy, she had a single nodule, 2.3 cm in size, in her 78 

right thyroid lobe. She visited the previous hospital, and confirmed the levels of her 79 
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thyroid hormones (free-triiodothyronine (FT3) 3.1 pg/mL, free-thyroxine (FT4) 0.9 ng/dL, 80 

and TSH 1.25 µU/mL) were within normal ranges. Her thyroid hormone levels were 81 

elevated toward the end of pregnancy-delivery. After her second delivery, however, 82 

thyrotoxic state was remained but mild without requirement for antithyroid drug. When 83 

she was 29 years old, she was also experienced a thyrotoxic state with a negative TSH-84 

receptor antibody (TRAb), and she was diagnosed with painless thyroiditis.  85 

She has been continuous monitored her thyroid function and thyroid 86 

ultrasonography. One month before her third expected pregnancy, her hyper-vascular 87 

nodule enlarged to 3.4 cm. Her clinical course is shown in Figure 1. At the 16 weeks of 88 

her third pregnancy, she came to our hospital for treatment for placenta previa and 89 

threatened abortion. She had suffered from general fatigue, and her skin was moist. She 90 

was referred to our department for further evaluation of her right anterior neck swelling 91 

and thyrotoxicosis. Her temperature was 36.0 °C, heart rate was 98 beats/min, and blood 92 

pressure was 117/86 mmHg. Table 1 shows the results of the laboratory examinations at 93 

her first visit. Endocrinological examinations showed increased levels of FT3 (5.8 pg/mL) 94 

and FT4 (1.6 ng/dL). TRAb and TSH-stimulating antibody (TASb) were both negative. 95 

Human chorionic gonadotropin (hCG) at 16 weeks of pregnancy was 31,100 mIU/mL. 96 

Neck ultrasonography showed a 3.4-cm, hypoechoic, heterogeneous nodule with defined 97 

margins and a regular shape (Fig. 2). Color Doppler scanning showed nodular 98 

hypervascularity. The normal thyroid area was not enlarged and was relatively hypo-99 

vascular compared to the thyroid nodule. Fine needle aspiration showed normal follicular 100 

epithelial cells without nuclear atypia. In the differential diagnosis of her thyrotoxicosis, 101 

gestational transient thyrotoxicosis (GTT), subacute thyroiditis and AFTN were included. 102 

However, thyroid scintigraphy was not performed because of her pregnancy. She was 103 
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treated with potassium iodide, and her thyroxine levels were maintained in the upper limit 104 

of the normal range. She delivered a baby weighing 2,615 grams without hypothyroidism 105 

at 39 weeks of pregnancy by natural delivery. The newborn’s APGAR score was 6 and 8 106 

points. After delivery, her hyper-vascular nodule enlarged to 4.3 cm, and a 99mTc 107 

scintigram showed a hot spot in her right thyroid lobe (Fig. 3). She was diagnosed with 108 

an AFTN and treated with methimazole while she was nursing. 109 

 110 

Discussion and Conclusions 111 

 A summary of this case; she was euthyroid with single 2.3-cm nodule in her 112 

second pregnancy. Her thyroid hormone levels were elevated toward the end of 113 

pregnancy-delivery and thyrotoxic state was remained after delivery. Her thyroid nodule 114 

had become 3.4 cm before the third pregnancy. During the third pregnancy, the nodule 115 

size and the level of thyroid hormones were increased. After delivery, her hyper-vascular 116 

nodule was further enlarged to 4.3 cm with hot spot accumulation by 99mTc scintigram. 117 

This course suggests that tumor growth was associated with elevated thyroid hormone.  118 

According to the guidelines of the American Thyroid Association for the 119 

management of thyroid disease during pregnancy, AFTN is quite rare under the age of 40 120 

years even in iodine-deficient areas [7]. Therefore, the present case is valuable for 121 

considering the natural history and disease onset of AFTN. 122 

 In the pregnancy, GTT is the most common cause of hyperthyroidism. The 123 

incidence rates of GTT in all pregnancies have shown to be 0.3-11% [8-10]. Recent 124 

studies in Japan demonstrated that GTT incidence was 2.6-5.5% [11,12]. Graves’ disease 125 

occurs in less than 0.5% of pregnancies. The serum hCG level was not useful for 126 

differentiating between Graves’ disease and GTT [13]. AFTN is a much rare cause of 127 
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thyrotoxicosis in pregnancy when compared to these two diseases, and natural history of 128 

AFTN in pregnancy is absolutely unknown. Even though rare, AFTN should be kept in 129 

mind when thyroid hormone levels remains higher after the second trimester. 130 

 An observational study of AFTN patients showed that nodule size was an 131 

important factor related to elevation of thyroid hormone levels [14]. In nodules less than 132 

2.5 cm, only 1.9% were toxic thyroid nodule (TTN), whereas in nodules larger than 2.5 133 

cm, 42.6% were TTN. Other AFTN patient series reported that most toxic AFTNs were 3 134 

cm or larger [15,16]. Furthermore, an observational study in the USA demonstrated the 135 

development of toxicity was observed in patients whose thyroid nodule enlarged [14]. In 136 

the present case, before her second pregnancy, her thyroid nodule was 2.3 cm in diameter, 137 

and she was euthyroid. However, during her third pregnancy, her goiter expanded to 3.4 138 

cm in diameter associated with thyrotoxicosis status. This clinical course suggests that 139 

nodule enlargement induced by hCG in pregnancy is involved in her thyrotoxic state after 140 

pregnancy. 141 

 The structure of hCG is similar to that of luteinizing hormone, follicle 142 

stimulating hormone, and TSH. These hormones have an α subunit and a hormone-143 

specific β subunit [17]. The amino acid sequence of hCG has 85% homology with the β 144 

subunit of TSH, and hCG stimulates thyroid hormone production. Because the level of 145 

hCG is the highest in the first trimester, GTT develops in the first trimester and improves 146 

with hCG reduction in the second trimester. hCG stimulates thyroid cell proliferation via 147 

the TSH receptor [18,19]. In the present case, thyrotoxicosis was overt after the patient’s 148 

second pregnancy with thyroid nodule enlargement. This suggests that hCG stimulation 149 

in pregnancy plays pathological roles of an AFTN in such cases. 150 

 In conclusion, a case of AFTN diagnosed after pregnancy was presented. Nodule 151 
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enlargement induced by hCG stimulation could be important triggers of thyrotoxicosis 152 

with an AFTN. This case suggests that pregnancy is one of the important factors 153 

elucidating the natural history of AFTNs.  154 

 155 

Abbreviations 156 

AFTN, autonomously functioning thyroid nodule; TRAb, TSH receptor antibody; TSAb, 157 

thyroid stimulating antibody; TPOAb, thyroid peroxidase antibody; TgAb, thyroglobulin 158 

antibody; GTT, gestational transient thyrotoxicosis; TTN, toxic thyroid nodule; hCG, 159 

human chorionic gonadotropin 160 
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(7) Table 239 

  unit Normal range 
WBC    7450 /μL (3300-8600) 
 neutro    76.3 % (40-75) 

RBC  384 ×104 /μL (386-492 ×104) 
Hg   10.2 g/dL (11.6-14.8) 
Plt      20.7 ×104 /μL (15.8-34.8) 
Alb 3.4 g/dL (4.1-5.1) 
T-Bil  0.4 mg/dL (0.4-1.5) 
AST  13 U/L (13-30) 
ALT  11 U/L (7-23) 
γ-GTP 3 U/L (9-32) 
LDH  201 U/L (124-222) 
BUN  9.2 mg/dL (8.0-20.0) 
Cr  0.43 mg/dL (0.46-0.79) 
CRP 0.13 mg/dL (<0.14) 
Na 141 mEq/L (138-145) 
K  3.7 mEq/L (3.6-4.8) 
Cl  107 mEq/L (101-108) 
FPG  87 mg/dL (73-109) 
HbA1c 4.7 % (4.9-6.0) 
FT3 5.8 pg/mL (2.1-3.8) 
FT4 1.6 ng/dL (0.8-1.5) 
TSH <0.01 μU/mL (0.5-3.00) 
TRAb <0.9 IU/L (<2.0) 

TSAb 105 % (≦120) 

TPOAb 115 IU/mL (<3.0) 
TgAb 309 IU/mL (<5.0) 

Tg 3.3 ng/mL (≦33.7) 

hCG 31,100 mIU/mL (≦2.7) 
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WBC, white blood cell; RBC, red blood cell; Hg, hemoglobin; Cr, creatinine; FPG, 240 

fasting plasma glucose; HbA1c, hemoglobin A1c; TSH, thyroid-stimulating hormone; 241 

TRAb, TSH receptor antibody; TSAb, thyroid stimulating antibody; TPOAb, thyroid 242 

peroxidase antibody; TgAb, thyroglobulin antibody; hCG, human chorionic gonadotropin. 243 

 244 

(8) Figure legends 245 

Figure 1 246 

Summary of the clinical course of thyroid hormone levels and nodule size from the 247 

patient’s second pregnancy to her first visit. FT3, free-triiodothyronine; FT4, free-248 

thyroxine; TSH, thyroid stimulating hormone. 249 

 250 

Figure 2 251 

Ultrasonography on the first visit shows a hypoechoic lesion tumor (△) with defined 252 

margins and a regular shape, appearing hypervascular and heterogeneous. Tumor size is 253 

3.4 cm. 254 

 255 

Figure 3 256 

99m-Tc scintigraphy after pregnancy. The intake rate of the hot spot is 6.52% (normal 257 
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thyroid 0.2-3.0%) 258 
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