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Abstract

Maternal hyperthyroidism is prevalent in 0.2-0.4% of pregnancies. 
Graves’ disease accounts for 85% of these cases. Approximately 
1-5% of neonates born to these mothers develop hyperthyroidism. 
Transplacental passage of thyrotropin receptor antibodies (TRAbs) 
are considered to be the likely cause of transient fetal and neonatal hy-
perthyroidism. An 18-year-old G1P0 with a history of Graves’ disease 
treated by radioactive ablation presented with persistent fetal tachy-
cardia at 23 weeks gestational age. TRAb was elevated and fetal hy-
perthyroidism secondary to transplacental crossing of maternal TRAb 
was suspected. There was no evidence of overt fetal hyperthyroidism 
or goiter on ultrasound examination. Oral methimazole was initiated 
and the fetal tachycardia resolved. Upon decrease of the methimazole 
dosage, the fetal tachycardia returned. Methimazole dosing was again 
increased and stabilized at a higher dose and the fetal tachycardia 
remained resolved. At birth at 40 weeks gestation, the neonate was 
tachycardic with elevated TRAb. She was initiated on methimazole. 
At 1 month of life, the methimazole dose was halved. At 2 months of 
life, all medication was held. On further testing, the thyroid function 
test remained normal. In our patient who did not display evidence of 
fetal hyperthyroidism on ultrasound examination, as there were no 
abnormal fetal markers on ultrasound to evaluate treatment response, 
fetal heart rate on non-stress testing was successfully used as an indi-
rect indicator of fetal thyroid status and guided appropriate titration 
of methimazole.

Keywords: Grave’s disease; Fetal hyperthyroidism; Maternal hyper-
thyroidism; Non-stress test; Endocrinology; Maternal-Fetal Medi-
cine; Ultrasound

Introduction

Maternal hyperthyroidism is prevalent in 0.2-0.4% of preg-
nancies and Graves’ disease accounts for 85% of these cases 
[1, 2]. Approximately 1-5% of neonates born to these mothers 
develop hyperthyroidism, with the neonate developing symp-
toms as late as 1 week postpartum [3]. Even after thyroid 
radioactive iodine ablation or thyroidectomy, these women 
continue to produce thyrotropin receptor antibodies (TRAbs) 
of the immunoglobulin G (IgG) class, which can persist for 
years [4]. TRAbs cross the placenta, activate the fetal thyroid 
and cause a maternal antibody-induced hyperthyroid state [2, 
4-14].

The fetuses and neonates of affected pregnant women are 
at risk for hyperthyroidism, especially in pregnancies not treat-
ed with thioamides. Approximately 1-5% of neonates born to 
these mothers develop hyperthyroidism [3]. If untreated, fe-
tal hyperthyroidism can lead to fetal tachycardia, fetal goiter, 
craniosynostosis, intrauterine growth retardation (IUGR), pre-
term labor, high-output cardiac failure, hydrops fetalis and in-
trauterine fetal demise (IUFD) [1, 3, 8, 10, 12, 15, 16]. In these 
complex cases, fetal surveillance via serial ultrasound should 
be central to the management and should include measure-
ments of thyroid size, thyroid vascular Doppler flow, cardiac 
size measurements, cardiac valve studies, as well as investi-
gating evidence of accelerated bone maturation. Secondarily, 
it is well known that fetal tachycardia is not always present in 
hyperthyroidism, and it can even be a late phenomenon. In the 
study by Huel et al, fetal tachycardia was a good indicator of 
fetal hyperthyroidism; however, it was only present in 57.1% 
of affected fetuses [17].

In our case, there were no indicators of overt fetal hy-
perthyroidism on serial ultrasound investigation, and we were 
able to demonstrate that resolution of fetal tachycardia was an 
indirect indicator of appropriate medication titration, with a 
noted fetal heart rate response that preceded changes in mater-
nal thyroid function testing. As the reaction was swifter than 
monitoring maternal thyroid function test (TFT), we posit that 
in patients without evidence of fetal hyperthyroidism on ul-
trasound, with the presence of baseline fetal tachycardia sec-
ondary to transplacental passage of maternal antibodies, the 
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methimazole dosage may be titrated based on fetal heart rate 
values.

Case Report

An 18-year-old G2P0010 with an unknown last menstrual pe-
riod (LMP), past obstetrical history significant for one medi-
cal termination of pregnancy, medical history of hypothyroid-
ism treated with levothyroxine 100 µg PO daily and no past 
surgical history presented to our antenatal testing unit for a 
gestational dating. Ultrasound demonstrated a single viable 
fetus with biometry consistent with 23 weeks gestation, es-
timated fetal weight (EFW) 518 g (25th percentile), grossly 
normal anatomy, an unstable lie and fetal heart rate (FHR) of 
180 beats per minute (bpm). A repeat thyroid panel including 
antibody levels was sent for analysis. Thyroid-stimulating hor-
mone (TSH) was within normal range at 5.60, free T4 was 1.16 
(normal), thyrotropin receptor antibody (TRAb) levels were 
elevated at 447 µU/mL (< 150 is normal) and thyroid-stimulat-
ing immunoglobulin (TSI) was elevated at 481. Fetal thyroid 
gland measured 17 × 8 mm (normal range). Obstetrical care 
was transferred to Maternal-Fetal Medicine and the patient 
presented for her first visit at 25 weeks of gestation. Detailed 
examination revealed that the patient had a history of Graves’ 
disease and underwent radioactive iodine ablation in 2014, re-
sulting in a hypothyroid state for which she was taking the 
levothyroxine 100 µg per os (PO) daily. Levothyroxine was 
increased to 175 µg PO daily once pregnancy was diagnosed. 
Initial care included weekly fetal ultrasounds with evaluation 
of the FHR, fetal thyroid assessment (both size measurements 
and vascular flow studies), cardiac size and valvular studies 
via echocardiograms, assessment of bone maturation, middle 
cerebral artery (MCA) peak systolic flow and umbilical artery 
Dopplers.

The 25-week ultrasound demonstrated an FHR of 162 bpm 
and a normal for gestational-age thyroid gland measuring 18 × 

9 mm. Repeat ultrasound at 29 weeks found a persistently el-
evated FHR with a baseline of 180 bpm and a thyroid measur-
ing 19 × 10 mm. Concern was that the fetus was in a transient 
hyperthyroid state secondary to the transplacental crossing 
of maternal TRAbs which were stimulating the fetal thyroid 
tissue. The patient was initiated on methimazole 10 mg PO 
twice daily (BID) and levothyroxine 175 µg PO daily (qDay) 
in order to assist in FHR control. By 30 weeks gestation, the 
FHR had decreased to 157 bpm. There appeared to be a direct 
correlation between initiating methimazole and the change in 
FHR baseline. To test our hypothesis, we reduced the methi-
mazole to 5 mg PO BID; to prevent maternal symptomatol-
ogy the levothyroxine was increased to 200 µg PO qDay. By 
33 weeks of gestation, the FHR rose to 167 bpm, supporting 
our hypothesis. Subsequently, the methimazole dosage was in-
creased to 10 mg PO BID, which resulted in resolution of the 
fetal tachycardia (Fig. 1 and Table 1).

This dosage was continued with a complete resolution 
of fetal tachycardia until the patient presented to labor at 40 
weeks, at which point the FHR baseline was 135 bpm. Methi-
mazole was held during the labor process. Labor was augment-
ed with oxytocin, and the patient progressed to a spontaneous 
vaginal delivery without complications. Throughout the entire 
labor course, the FHR baseline remained 120 - 130 bpm with a 
category 1 tracing. Immediately after delivery, the neonate was 
evaluated and then taken for continuous monitoring in the neo-
natal intensive care unit (NICU) for suspected transient neona-
tal hyperthyroidism. Upon admission to the NICU, the neona-
tal HR was 120 - 130 bpm at rest and in the 150 s with exertion. 
Examination revealed mild jitteriness. Otherwise, the physical 
exam was benign and appropriate for the infant. Initial labs 
revealed a decreased TSH of < 0.03, free T4 was normal at 
7.05 and TSI was elevated at 565. The neonate was initiated on 
methimazole 1.25 mg every 24 h. The mother was restarted on 
her pre-pregnancy regimen of levothyroxine 100 µg PO qDay. 
The hospital course for both patients was uncomplicated, and 
the neonate and mother were discharged on postpartum day 2, 

Figure 1. Fetal heart rate (bpm) by estimated gestational age (weeks).
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with instructions for follow-up with Pediatric Endocrinology 
and Maternal-Fetal Medicine, respectively. After 1 month of 
life, the neonate’s TFTs were normalizing with a TSH of 0.10, 
a free T4 of 0.69 and a TSI of 149; therefore the methimazole 
was decreased to 0.625 mg PO daily. At 2 months of life, the 
methimazole was stopped, and by 3 months of life, the TSH 
was 1.07, the T4 was 1.04 and the TSI was 58 (Table 2).

Discussion

Neonates of mothers with autoimmune thyroid diseases such 
as Graves’ disease are at risk of developing thyroid dysfunction 
secondary to maternal antibodies crossing the placental barrier 
[2, 5-12]. These antibodies can cause fetal tachycardia, goiter, 
oligohydramnios, IUGR and accelerated bone maturation [1, 
3, 8, 10, 12, 15, 16]. Sustained untreated fetal hyperthyroid-
ism can lead to IUGR, intrauterine fetal demise, preterm labor, 
fetal tachycardia and non-immune hydrops.

Clinical manifestations of neonatal hyperthyroidism in-
clude low birth weight, premature birth (often medically in-
dicated), microcephaly, frontal bossing, triangular fascies, dif-
fuse goiter, irritability, hyperactivity, restlessness, tachycardia 
with a bounding pulse, cardiomegaly, cardiac arrhythmias, 
heart failure and even neonatal demise [1, 3, 8, 10, 12, 15, 16, 
18].

Neonatal hyperthyroidism may not present until a week 
after delivery and can last up to 8 months or more after birth, 
at time frames proportional to the clearance of maternal im-
munoglobulin from the infant’s circulation [1, 13].

The initial evaluation of thyrotoxicosis is made on the ba-
sis of the maternal TSH level, and if abnormal, a free T4 level. 
A history of maternal hyperthyroidism may result in persistent 
TRAb even after radioactive iodine ablation. These elevated 
levels can affect the fetus, resulting in transient fetal hyper-
thyroidism. Historically, serial fetal thyroid measurement via 
ultrasound, assessment of bone age maturation, FHR and um-
bilical cord blood sampling were used to diagnose fetal hyper-
thyroidism [1, 3, 5, 7, 8, 12, 19-22].

The most common sign of fetal thyrotoxicosis is fetal 
tachycardia; however, this is not always present. Typically, 
once a persistently elevated FHR is identified, medications that 
can cross the placenta are added to the maternal regimen. Since 
thyroxines are less likely to cross the placental barrier, carbi-
mazoles such as methimazole are usually preferred and titrated 
based on the FHR response, fetal thyroid levels obtained via 
funipuncture and maternal thyroid levels.

After delivery, measurement of a neonate’s TFT is ob-
tained to determine in utero exposure to maternal antibodies 
and the extent of their effects. Higher maternal TRAb levels 
during the third trimester of pregnancy may indicate a higher 
likelihood of a fetus developing hyperthyroidism and thyro-
toxicosis [7, 11, 14, 23]. Once neonatal hyperthyroidism is 
confirmed, treatment should be started promptly to prevent 
the aforementioned long-term sequela. The goal of treatment 
is to normalize thyroid function quickly, avoid iatrogenic hy-
pothyroidism and provide therapeutic relief. Treatment regi-
mens include a combination as needed of propylthiouracil 
(PTU), beta-blockers, glucocorticoids, iodine and digoxin [1, 
5-11, 15, 16, 19, 21]. Transient neonatal hyperthyroidism is 
typically self-limited and resolves in up to 8 months as the 
maternal antibodies are cleared from the neonates plasma; 
however, it requires therapy and close neonatal surveillance 
[1].

Conclusion

Due to persistent production of TRAb in women who are hy-
pothyroid secondary to thyroid radioiodine ablation or surgery, 
these patients’ fetuses remain at risk for hyperthyroidism and 
thyrotoxicosis via transplacental passage of TRAb. Such wom-
en should have serial thyroid function and antibody testing, 
serial non-stress testing, and that fetal surveillance via serial 
ultrasound should be central to the management and should 
include measurements of thyroid size, thyroid vascular Dop-
pler flow, cardiac size measurements, cardiac valve studies, as 
well as investigating evidence of accelerated bone maturation. 
In patients with evidence of fetal hyperthyroidism, research 
has shown that funipuncture for analysis of fetal thyroid levels 
and serial maternal thyroid function testing are methods for 
demonstrating treatment response.

We posit that assessing FHR via the non-stress test (NST) 
is less invasive than funipuncture, without the potential side 
effects (puncture site bleeding, cord hematoma, chorioamnio-
nitis and transient FHR changes). As demonstrated in the case 
presented, in the absence of sonographic evidence of overt fe-
tal hyperthyroidism, NST is both an equally effective and a 
faster method for evaluating treatment response than maternal 
TFT. Our data demonstrate that in a patient without evidence 
of fetal hyperthyroidism on ultrasound examination, as there 
were no others fetal markers to evaluate treatment response, 
FHR can be used as an indirect indicator of fetal thyroid status 
and that dosage of methimazole may be titrated based on FHR 
response. We consider the noted third-trimester progressive 
decrease in FHR with a stable dosage of methimazole not to 
be an effect of resolved hyperthyroidism; rather, we attribute 
it to the well-established vagal effect of the developing fetal 
parasympathetic nervous system. We also posit that a change 
in FHR baseline on an NST after initiating treatment with me-
thimazole may be used as an early clinical indicator, preced-
ing maternal TFT response. Therefore, we question the role of 
invasive fetal thyroid testing via funipuncture in the titration 
of antithyroid medications. Additional investigation such as a 
case series is required to further support our findings and it 
should be noted that ultrasound-guided diagnosis and surveil-

Table 2.  Neonatal Thyroid Testing

Age TSI index TSH (µIU/mL) Free T4 (ng/mL)
Birth 565 < 0.03 7.05
1 Month 149 0.1 0.69
2 Months - 0.85 0.86
3 Months 58 1.07 1.04

TSI: thyroid-stimulating immunoglobulin; TSH: thyroid-stimulating hor-
mone.
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lance should be central to the management of these complex 
cases.
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