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Abstract
Objective  To outline the clinical signs, diagnosis, and course of care for a single case of neonatal hyperthyroidism 
while also summarizing common diagnostic errors related to this condition.

Methods  Medical records of the neonate of hyperthyroidism were collected and analyzed in combination with 
literature.

Results  The neonate’s mother had thyroid disease, but her thyrotropin receptor antibody (TRAb) levels were not 
monitored during pregnancy. The neonate exhibited typical symptoms of hyperthyroidism on the day of birth 
but was not diagnosed until 15 days later. Impaired liver (cholestasis, elevated liver enzymes) and cardiac function 
(pulmonary hypertension, right heart enlargement) are the main manifestations. Treatment with methimazole (1.0 mg 
/kg·d) and propranolol (2.0 mg /kg·d) led to recovery, and the neonate stayed in the hospital for 27 days before being 
discharged with medication. The diagnosis was temporary hyperthyroidism, and the medication was discontinued at 
72 days of age.

Conclusion  It is important to strengthen the management of high-risk pregnant women with thyroid disease. 
Monitoring TRAb levels in both mothers and neonates should be done dynamically to enable early prediction and 
diagnosis of neonatal hyperthyroidism. Most neonates with hyperthyroidism have a good prognosis when timely and 
appropriate medical treatment is provided.

Impact
	• The tortuous diagnosis processes of one case of NH.
	• In the absence of specific clinical manifestations of NH, how to quickly diagnose it.
	• Reminding clinicians of the importance of early identification of NH, as well as the management of pregnant 

women with abnormal thyroid function.
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Introduction
Neonatal hyperthyroidism (NH) is an uncommon con-
dition that affects 1–5% of newborns born to mothers 
who have active or past Graves’ disease (GD) [1], and it 
affects 22% of pregnant women who need to take long-
term antithyroid drugs (ATDs) treatment. Autoimmune 
NH is related to the transplacental passage of maternal 
anti-thyrotropin receptor antibodies (TRAbs) [2]. The 
fetal thyroid gland becomes responsive to thyroid-stimu-
lating hormone (TSH) and TRAbs at around 20 weeks of 
gestation [3], those antibodies stimulating the fetal thy-
roid, cause in-utero and/or postnatal hyperthyroidism. 
Fetal hyperthyroidism can cause goiter, heart failure with 
nonimmune hydrops, advanced bone maturation, intra-
uterine growth retardation, preterm birth, and even fetal 
death [4]. When fetal hyperthyroidism is present, there 
is a high probability of neonatal thyrotoxicosis, which is 
usually temporary and goes away in 4 to 6 months after 
birth following clearance of maternal TRAbs. Signs and 
symptoms of neonatal hyperthyroidism include goiter, 
tachycardia, poor feeding, irritability, tremors, sweating, 
and difficulty sleeping [5]. There are occasional cases of 
proptosis, craniosynostosis, and microcephaly. Without 
prompt treatment with antithyroid drugs, cardiac failure 
and death may occur [6].

At present, there are only more than 50 cases of NH 
reported in China. Due to the diversity and lack of speci-
ficity of the clinical manifestations of the disease, clini-
cians lack understanding of the disease, which is easy to 
be overlooked or misdiagnosed [7]. To improve knowl-
edge of early identification and treatment of NH, our 
study presented one case of NH with prominent clinical 
signs of liver and cardiac dysfunction, whose mother had 
received GD therapy with radioactive iodine four years 
prior.

Materials and methods
Patient and clinical data
This study analyzed one newborn with confirmed hyper-
thyroidism who was hospitalized in Tongji Hospital, 
Tongji Medical College, Huazhong University of Sci-
ence and Technology and has been discharged. The study 
was appproved by the Tongji Hospital ethics commit-
tee. Informed consent was obtained from the patient’s 
parents.

Data collection
Clinical, and laboratory data, as well as therapeutic medi-
cation and clinical outcomes, were obtained from the 
electronic medical records.

Definitions
The enrolled newborn in this study was diagnosed with 
hyperthyroidism, according to the “Practice of Neonatol-
ogy, 5th Ed”.

The diagnostic criteria of NH were as follows: (1) The 
mother had a history of autoimmune thyroid disease, 
especially hyperthyroidism. (2) The newborn had typical 
symptoms and signs [8]: excitement, irritability, tremors; 
skin flushing, sweating; increased appetite, accompa-
nied by vomiting and diarrhea, and unsatisfactory weight 
gain; he or she likes opening eyes, periorbital edema, 
eyelid contracture, and exophthalmos; goiter may be 
present; increased heart rate and respiration, hyperten-
sion, enlargement of liver and spleen, etc. Severe cases 
may have a fever, arrhythmia, heart failure and jaundice, 
liver failure, and coagulation disorders. (3) With labora-
tory examination: serum T3, and T4 increased, and TSH 
decreased. This neonate met the diagnostic criteria of 
NH.

Results
Patient history and clinical features
The neonate was delivered prematurely at 32+ 6 weeks of 
gestation as the first offspring of unrelated parents. Her 
weight measured 2220 g (80%), length measured 47.5 cm 
(97%) and head circumference measured 28.5 cm (20%). 
Due to exhibiting symptoms of “moaning and foam-
ing” immediately after birth, she was admitted to the 
Neonatal Intensive Care Unit (NICU). After admission, 
the neonate’s blood oxygen saturation was 65% without 
oxygen inhalation, and her shin wascyanotic, so CPAP 
(Continuous Positive Airway Pressure) assisted ventila-
tion was given, but her dyspnea persisted after 4 h, and 
she developed “convulsion”. Consequently, invasive ven-
tilator-assisted ventilation was initiated. The examina-
tion findings after admission are presented in Table  1, 
encompassing thrombocytopenia; elevated transaminase 
and total bilirubin, particularly direct bilirubin; hepato-
splenomegaly, bile sludge formation; right heart enlarge-
ment, and the presence of pulmonary hypertension. The 
primary diagnoses are neonatal respiratory distress syn-
drome (NRDS) and intrauterine infection(?). In addition 
to respiratory support, administration of blood products, 
anti-infection agents, cardiac and hepatic protection, 
cholang-removing blood stasis, reduction of pulmonary 
artery pressure, and enhancement of circulation were 
implemented.

Diagnosis
After 2 weeks, the patient no longer requires oxygen 
assistance. However, there was no notable enhance-
ment in liver and cardiac functionality. Additionally, 
the patient tended to open her eyes, an increased appe-
tite but inadequate weight gain, and a rapid heart rate. 
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Following consultation and pertinent examinations, we 
ruled out infection based on normal levels of inflamma-
tory markers, negative results from blood culture, blood 
NGS-DNA, and a comprehensive panel of viral and other 
related pathogenic tests. Furthermore, inherited meta-
bolic diseases were excluded based on normal levels of 
blood ammonia, lactic acid, pyruvate, blood amino acids, 
and urine organic acids. Lastly, rheumatic immune dis-
eases were ruled out based on a negative complete set of 
rheumatism and the absence of any history of rheumatic 
immune system diseases in the patient’s family. We sus-
pected that she had a genetic mutation-caused syndrome, 
so we advised the family to undergo comprehensive 
genetic testing. On the 15th day of her hospitalization, 
we conducted a routine screening for thyroid function 
and discovered that her TSH levels were below the nor-
mal range (TSH < 0.05uIU/mL), while FT4 levels were 
significantly elevated (34.9ng/dL) (Table 1). Additionally, 
her thyroglobulin levels were above 500 ng/ml (reference 
range: 3.5–77 ng/ml), thyroglobulin antibody levels were 
15.6 IU/ml (reference range: <115 IU/ml), thyroid peroxi-
dase antibody levels were 43 IU/ml (reference range: <34 
IU/ml), and Thyrotropin receptor antibody levels were 
29.7 IU per liter (reference value, < 1.75IU per liter). A 
thyroid ultrasound showed an increase in thyroid volume 
and abundant blood flow, leading to a diagnosis of NH.

A thorough examination of the neonate’s mother’s 
medical history was conducted: her thyroid function 
(11/26, 2019): TSH 0.01 uIU/mL, T3 14.63 pg/mL, T4 
3.56 ng/dL, TPOAb 44 U/mL, TGAb < 15 U/mL. After 
Iodine 131 treatment, she has been treated with euthy-
rox orally until now, which further supported the neo-
nate’s diagnosis of hyperthyroidism. Methimazole 
(0.5  mg/kg/d, Bid) and propranolol (1.8  mg/kg/d, Tid) 
were promptly added to the treatment regimen, and the 
neonate’s thyroid function was periodically reassessed. 
After taking methimazole and propranolol orally for 1 
week, the levels of FT3 and FT4 decreased (Table  1). 

Additionally, the patient experienced a decrease in heart 
rate and an improvement in liver function (as indicated 
by decreased ALT, AST, and direct bilirubin levels), as 
well as a significant decrease in pulmonary artery pres-
sure. The patient was discharged with medicine after 27 
days of hospitalization.

Follow-up examination
After 25 days of medication, the levels of FT3 and FT4 
(except TSH) returned to the normal range (Table  1; 
Fig.  1A). Methimazole and propranolol were discontin-
ued after 29 days and 36 days of oral medication, respec-
tively. The patient’s thyroid function completely returned 
to normal 13 days after withdrawal of methimazole, 
subsequent intermittent reexaminations confirmed the 
maintenance of normal thyroid function.

With the improvement of thyroid function, catch-up 
growth of body weight and length was achieved. On day 
72 after birth (postmenstrual age 42+ 6 weeks), the neo-
nates’ weight and length were at the 24.9 percentile and 
92.9 percentile for their sex and gestational age, respec-
tively. The neonatal behavioral neurological assessment 
(NBNA) score was 38. Notably, the patient’s cardiac func-
tion, liver function (Fig.  1B), and hepatosplenomegaly 
showed significant improvement. During the whole treat-
ment period of hyperthyroidism, no adverse reactions 
such as granulocytopenia or liver function damage were 
observed.

Discussion
In this study, we report a typical case of NH with critical 
condition and impaired liver and cardiac function as the 
main clinical manifestations. The patient’s mother had 
been receiving oral euthyrox treatment since undergoing 
Iodine 131 radiotherapy for GD four years ago. However, 
TRAbs levels were not monitored during pregnancy. NH 
was diagnosed on the 15th day after birth. During the 
period, a multi-disciplinary consultation was conducted 

Fig. 1  The thyroid function (A) and liver function (B) of the neonate were followed up with age
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to screen for infectious diseases, inherited metabolic dis-
eases, rheumatic immune diseases, and, other conditions. 
The diagnosis process was complex, providing valuable 
experience for future NH diagnoses.

The prevalence of hyperthyroidism in pregnancy ranges 
from 0.7 to 2.8% worldwide [9, 10], with GD as the most 
common etiology [11]. During pregnancy, thyroid auto-
antibodies can cross the placenta and either stimulate 
(thyroid stimulating antibody - TSAb) or block (thyroid 
blocking antibody - TBAb) the fetal thyroid gland [4]. 
Maternally transferred antibodies can temporarily affect 
the thyroid function of the fetus and newborn until they 
are metabolized. High levels of TSAb transmission are 
associated with fetal and neonatal thyrotoxicosis, while 
maternal TBAb can lead to congenital hypothyroidism 
[12]. The impact on thyroid function in the fetus and 
newborn depends not only on the type of maternal anti-
bodies but also on their levels. Autoimmune hyperthy-
roidism can also occur in children born to mothers who 
were treated for GD in the past and still have detectable 
circulating TRAbs [13], similar to our patient. TRAbs 
measurement is not routinely performed in mothers with 
hyperthyroidism in our hospital, which presents a chal-
lenge in identifying those who may develop NH. In our 
case, the mother’s TRAb levels were not regularly moni-
tored during the 4 years after Iodine-131 radiotherapy, 
including pregnancy, although she was taking oral euthy-
rox and had stable thyroid hormone levels within the 
normal range. Obstetricians and neonatologists often 
overlook mothers with high-risk factors, leading to mis-
diagnosis and delayed diagnosis in newborns born to 
such mothers due to a lack of sufficient understanding in 
managing these cases.

In China, it is recommended that TRAb should be 
monitored from 20 to 24 weeks of gestation in pregnant 
women with a history of Graves’ disease or delivery of a 
newborn with hyperthyroidism, regardless of whether 
they have received effective treatment. The American 
Thyroid Association (ATA) 2016 guidelines [14] recom-
mend that patients with Graves’ disease should be tested 
for serum TRAb in the first trimester of pregnancy. If 
TRAb levels are elevated, reexamination should take 
place at 18–22 and 30–34 weeks of gestation. A TRAb 
level of ≥ 5 IU/L or > 3 times the upper limit of the refer-
ence value indicates a high risk of fetal/neonatal hyper-
thyroidism. Pregnant women with positive TRAb results 
should undergo a fetal thyroid ultrasound examination 
to further evaluate fetal thyroid function. Therefore, 
for high-risk pregnant women with a history of thy-
roid disease, it is crucial to detect thyroid function and 
serum TRAb as early as possible. Close observation of 
early symptoms of hyperthyroidism is the key to early 
diagnosis.

The clinical manifestations of NH are non-specific and 
diverse [8], including tachycardia, irritability, irritability, 
thrombocytopenia, liver damage, jaundice, shortness of 
breath, hypoglycemia, hyperhidrosis, premature synos-
tosis, intrauterine growth restriction, growth retardation, 
goiter, exophthalmia, pulmonary hypertension, hip dys-
plasia, etc. In severe cases, microcephaly, heart failure, 
long-term neurodevelopmental delay, and even death 
may occur. In our study, the neonate presented with 
growth retardation, tachycardia, cardiac insufficiency, 
dyspnea, thrombocytopenia, liver injury, and hepato-
splenomegaly. Similar cases are often mistaken for intra-
uterine infection, sepsis, meconium aspiration, and other 
diseases. The main clinical manifestation in our case is 
damage to liver and heart function, particularly choles-
tatic hepatitis [15], which is rare in NH and complicates 
the clinical diagnosis. Therefore, the crucial aspect in 
treating liver damage induced by hyperthyroidism is to 
manage hyperthyroidism itself. Once diagnosed, prompt 
administration of anti-hyperthyroidism treatment is 
essential.

Due to the unique nature of the neonatal period, 
delayed diagnosis and treatment can hurt the physical 
growth and neurodevelopment of newborns. It is recom-
mended to use ATDs early in neonates showing clini-
cal symptoms of hyperthyroidism, with MMI being the 
preferred choice. PTU (propylthiouracil) should only be 
used for a short period in patients experiencing hyper-
thyroidism crises or severe adverse reactions to MMI. 
In this case, the patient was administered oral MMI at 
a dose of 0.5  mg/ kg, Bid. Propranolol (1–2  mg /(kg·d), 
Bid) can help reduce heart rate and inhibit the conver-
sion of peripheral T4 to T3, especially in patients with 
increased heart rate. The patient’s heart rate significantly 
decreased after propranolol was added to her treatment 
plan. For patients with respiratory and heart failure, it is 
important to provide respiratory and circulatory support. 
Short-term glucocorticoids [hydrocortisone 2.5–10 mg /
(kg·d), Tid; prednisone 1–2 mg /(kg·d), Bid] can be used 
to reduce T4 synthesis and peripheral T4 to T3 conver-
sion [16]. In severe cases, intravenous immunoglobulin 
(1  g/kg for 2 days) may be administered [17]. Adequate 
caloric supply is crucial in the nutritional support of neo-
natal hyperthyroidism, and the average course of ATDs 
treatment for NH is 1 to 3 months. During the initial 
stage of treatment, thyroid function should be regularly 
monitored every 1 to 2 weeks to adjust the drug dose. 
The symptoms gradually disappear with the decrease of 
TRAb concentration, and treatment can be discontin-
ued when TRAb is negative [16]. In our patient’s case, 
the total duration of methimazole treatment was 29 days, 
and the first improvements were FT3 and FT4 levels, 
with TSH returning to normal levels 13 days after discon-
tinuation of the medication.
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Pregnancy complicated with hyperthyroidism has 
hypermetabolism, increased nerve and muscle excitabil-
ity, which can lead to uterine contraction and vasospasm, 
affect placental development, and cause intrauterine 
growth retardation, low birth weight, premature delivery, 
asphyxia, and even stillbirth or abortion [7, 18]. In this 
particular case, the mother had thyroid disease and gave 
birth to a test-tube baby who was premature and expe-
rienced asphyxia after birth. This suggests that maternal 
thyroid disease can result in complications for the neo-
nate or fetus. Normally, NH is transient and self-lim-
ited, resolving within 3–12 weeks. However, in cases of 
hyperthyroidism crisis, the mortality rate can be as high 
as 15-20% [6]. Persistent cases are rare, mostly caused 
by gene mutations such as TSHR and GNAS, which can 
be inherited dominantly or occur as de novo mutations 
[6]. Fortunately, in this case, the child was considered to 
have transient hyperthyroidism, and her thyroid func-
tion returned to normal at the age of 57 days without any 
lasting effects. It is important to regularly monitor the 
physical and neurodevelopment of children with hyper-
thyroidism after discharge.

Conclusion
NH encompasses gynecology, obstetrics, and neonatol-
ogy. It is important to enhance the monitoring of thyroid 
function and TRAb in pregnant women with a history of 
thyroid disease. This will help assess the risk of neonatal 
hyperthyroidism. Additionally, it is crucial to promptly 
screen high-risk infants for thyroid function after birth. 
Early diagnosis and treatment can then be initiated 
before clinical symptoms worsen, thereby preventing the 
occurrence of a hyperthyroidism crisis and any poten-
tially serious consequences.
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