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Abstract

Original Article

Introduction

Thyrotoxicosis is seen in up to 0.1% to 0.5% of pregnancies. 
Graves’ disease (GD) is the overwhelming autoimmune cause 
of thyrotoxicosis during pregnancy and if left untreated, it can 
lead to multiple maternal and fetal complications. Placental 
hCG stimulation of the thyroid gland in the first trimester 
exacerbates the symptoms, while immunological responses 
caused by changes in lymphocyte subsets could explain 
spontaneous improvement in the second half of pregnancy and 
recurrences in the postpartum period.[1,2] In contrast, gestational 
transient thyrotoxicosis (GTT) is a non‑autoimmune transient 
cause of thyrotoxicosis that often resolves spontaneously by 
18 weeks of gestation.[3] It is thought to be related to stimulation 
of the thyroid gland by human chorionic gonadotropin (hCG) 
or related molecular variants. In high concentrations as found 
in hyperemesis gravidarum (HG) (loss of 5% body weight, 

dehydration, and ketonuria), multiple gestation, or molar 
pregnancy, hCG will cause hyperthyroidism with diffuse goiter, 
elevated T4, and a suppressed TSH.[4,5]

Accurate diagnosis of etiology of thyrotoxicosis in pregnancy 
is important to guide appropriate treatment. The standard 
investigation such as thyroid scintigraphy, for evaluation 
of thyrotoxicosis, is contraindicated in pregnancy. The 
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assessment of TSH‑receptor antibody (TRAb) levels can be 
useful when investigating thyrotoxicosis of uncertain etiology, 
but these assays are not widely available, and cost is an 
important factor.[6] Thyroid ultrasonography is non‑invasive, 
cost‑effective, safe, and portable imaging modality and can be 
a practical alternative. The measurement of inferior thyroid 
artery (ITA)‑peak systolic velocity (PSV), using colour‑flow 
Doppler ultrasonography (CFDUSG) has proven to be highly 
sensitive and specific in cases with Graves’ Disease  (GD) 
outside pregnancy.[7,8] However, the utility of CFDUSG to 
differentiate GD in pregnancy and GTT) is limited by variable 
sensitivity and specificity among different studies, which have 
been carried out in different ethnic populations.[9,10] CFDUSG 
may be a reliable and cost‑effective alternative especially 
in resource constraint settings. The aim of the study was to 
determine the utility of ITA ‑ blood flow velocities, assessed by 
CFDUSG to differentiate between GTT and GD in pregnancy.

Materials and Methods

This was a hospital‑based cross‑sectional study, conducted at the 
Department of Endocrinology, during the period from September 
2019 to March 2021.

Patients
Pregnant women in their first trimester of pregnancy visiting 
endocrine OP for evaluation of thyrotoxicosis were enrolled. 
All of the cases were newly diagnosed and had not received 
any antithyroid therapy before inclusion in the study. Patients 
with destructive thyroiditis, single functioning nodule, or 
multinodular goiter were excluded. Fifty‑six pregnant patients 
with thyrotoxicosis  (30 with GTT and 26 with GD) were 
found to be eligible for the study. Thirty age‑matched healthy 
euthyroid pregnant subjects were enrolled. The cases were 
differentiated between Graves and GTT based on history, 
clinical findings, thyroid function tests, and TRAb levels. GD 
in pregnant patients was defined based on clinical findings, 
high TRAb (more than the upper limit of normal), high thyroid 
hormone levels (T4 >21 µg/dl), decreased TSH levels, and/or 
presence of a history of hyperthyroidism before pregnancy. 
GTT was defined as suppressed TSH and high thyroid hormone 
levels (T4 >21 µg/dl) in the first trimester of pregnancy and 
associated with HG, but self‑limiting on follow‑up, absence 
of clinical findings of GD and normal TRAb levels. HG was 
defined as ketosis, electrolyte disturbances, and weight loss 
of 5% of the nonpregnant weight.[5]

Hormone assays
Serum samples to determine T3, T4, and TSH levels for all 
subjects were collected after an overnight fast. On the day of the 
ultrasonography examination, samples for beta‑HCG and TRAb 
levels, in cases with thyrotoxicosis, were collected. Serum T3, 
T4, and TSH were assessed using a direct chemiluminescence 
immunoassay  (Siemens, ADVIA Centaur XP Immunoassay 
System). Beta‑HCG levels were done by ELISA Kits (by DRG 
International, Germany), and Serum TRAb levels were done by 
TRAb‑ELISA Kits (by Sincere Biotech, Beijing)

Doppler ultrasonography
Thyroid ultrasound examinations and color Doppler were 
performed by ultrasound scanner (LOGIQ V5, GE Healthcare, 
India) equipped with a 7–14 MHz broadband linear array 
transducer [Figure 1]. The volume  (V) of each lobe was 
calculated, using the ellipsoid formula with a correction factor: 
V (mL) = L (cm) × A‑P (cm) × W (cm) ×0.523. The studies of 
the right and left ITAs were performed with Doppler, and the 
PSV and EDV values were obtained from the right and left 
ITA. The limits of normal PSV values are generally accepted 
as 15–30 cm/s for ITA.[11]

Maternal thyroid function was monitored with T3, T4, and 
TSH levels at monthly intervals. All patients diagnosed with 
GTT were followed up expectantly until euthyroid status, 
without treatment with antithyroid drugs. Antithyroid therapy 
with propylthiouracil (PTU) was given to all pregnant patients 
diagnosed with GD, after the assessment of thyroid blood 
flows.

Statistical analysis
Data were analyzed using the SPSS software version 23.0 for 
Windows. Scale variables are presented as the mean ± standard 
deviation  (mean  ±  SD). Categorical data were evaluated 
using Chi‑square analysis or with Pearson’s correlation 
and Fisher’s exact tests as appropriate. Student’s t‑test 
was used for a comparison of parametric quantitative data. 
A  canonical correlation analysis was used to determine 
the correlation between the ITA flow velocity and the 
TRAb level. The most appropriate diagnostic cutoff was 
determined, for the right and left ITA‑PSV and EDV using 
receiver‑operating‑characteristic (ROC) analysis. Sensitivity, 
specificity, and diagnostic accuracy were calculated for 
the obtained cutoff. P  value  <  0.05 was considered to be 
statistically significant.

Ethical aspect
Approval from the Institutional Ethics Committee (Approval 
number: IEC/GMC/2019/04/7;  Approval date: August 23rd 

Figure 1: ROC curve of right and left ITA blood flow velocities
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, 2019) was taken prior to the conduct of the study. Written 
informed consent was obtained for participation in the study 
and use of the patient data for research and educational 
purposes. The study procedures followed were in accordance 
with the ethical standards of the responsible committee and 
with the Helsinki Declaration of 1964, as revised in 2013. 

Results

Total of 86 subjects participated in this study. Twenty‑six patients 
had GD in pregnancy (Group I), 30 patients had GTT (Group II), 
and 30 normal euthyroid pregnant women (Group III) were 
enrolled. The demographic and laboratory characteristics of the 
patients are summarized in Table 1. All the study subjects had 
a total T4 value >21 µg/dl and the mean total T4 value in GD 
and GTT were almost similar (25.04 ± 2.43 vs 23.25 ± 2.81, 
P value = 0.14). Beta HCG levels were significantly higher 
in cases of GTT as compared to GD  (152946  ±  26694 vs 
120608 ± 21244 mIU/ml, P < 0.0001).

Ultrasound characteristics
Patients with GD had higher thyroid volume than patients 
with GTT  (13.33  ±  1.84 vs 10.15  ±  1.14  ml P  <  .001). 

The (Mean ± SD), ITA‑flow velocities of all groups of study 
participants are shown in Tables 2 and 3. The ITA‑PSV and 
EDV in patients with GTT were significantly lower than those of 
pregnant patients with GD (P < 0.001) [Table 2]. The ITA‑PSV 
and EDV in patients with GTT were significantly higher than 
those of euthyroid pregnant subjects (P < 0.001) [Table 3]. The 
right and left ITA PSV in euthyroid pregnant subjects were 
15.73 ± 3.99 and 15.43 ± 3.77 cm/sec.

Using the ROC curve, the most appropriate cutoff values 
for ITA velocities to differentiate between GTT from GD 
during pregnancy were obtained. The AUC was calculated. 
The optimal cutoff value of mean right ITA‑PSV was 35 cm/
sec to differentiate between GTT from GD during pregnancy, 
with 84.6% and 93.3% sensitivity and specificity [Figure 
1]. Of the patients with GTT, 3 (10%) had right ITA‑PSV 
and 3  (10%) had left ITA‑PSV, above the cutoff values. 
Similarly, of the pregnant patients with GD, 4 (15.3%) had 
right ITA‑PSV and 4 (15.3%) had left ITA‑PSV, below the 
cutoff values. Hence, overlap was found among ITA blood 
flow velocities in a few cases of patients with GTT and 
pregnant patients with GD.

Table 1: The demographic and laboratory characteristics of the study subjects

Parameter Group I 
n=26

Group II 
n=30

Group III 
n=30

P

Mean age (years) 27.5±1.9 24.3±3 26.7±3.4 <0.0001
Primigravida (%) 10 (38%) 17 (56%) 45 ‑‑‑‑‑‑‑‑‑
Twin pregnancy (%) ‑ 2 (6.6%) ‑ ‑‑‑‑‑‑‑‑‑
Family history of thyroid disorders (%) 11 (42.3%) 4 (13.3%) ‑ ‑‑‑‑‑‑‑‑‑
Hyperemesis gravidarum (%) 4 (15.3%) 5 (16.6%) 4 (13.3%) ‑‑‑‑‑‑‑‑‑
Mean duration of symptoms (months) 6±2.8 2.33±0.75 ‑ <0.0001
Mean BMI (kg/m2) 20.8±0.9 22±0.7 24.8±1.1 <0.0001
Mean pulse rate (beats/min) 111±10 104±9 89±7 0.005
Mean systolic blood pressure (mm Hg)
Mean diastolic blood pressure (mm Hg)

116.2±12.7
74.6±6.5

114.3±12.5
74.3±5

104.3±9.1
77±4.5

0.3
0.4

Goiter size:
No goitre
Grade 1 (%)
Grade 2 (%)

‑‑‑‑‑‑‑‑‑‑‑
17 (65.4%)
9 (34.6%)

‑‑‑‑‑‑‑‑‑‑‑‑‑
27 (90%)
3 (10%)

9 (30%)
20 (66.6%)
1 (3.3%)

‑‑‑‑‑‑‑‑‑‑‑

CBC parameters:
Mean hemoglobin (g/dl)
Mean WBC count (X 103/µL)
Absolute neutrophil count (X 103/µL)
Absolute lymphocyte count (X 103/µL)
Mean platelet count (X 103/µL)

12.4±1.4
5.5±1.3
2.9±0.7
1.6±0.7
3.1±0.8

12±0.8
6.8±1.8
3.5±1.2
1.9±0.8
3±0.9

13.3±0.9
6.9±1.9
4.4±1.9
1.8±0.8
2.9±0.8

0.08
0.0008
0.01
0.04
0.4

Liver function test:
Mean total bilirubin (mg/dl)
Mean AST (U/L)
Mean ALT (U/L)

0.8±0.2
27.6±4.4
34.6±7.7

0.7±0.2
27.7±5
31.7±7

0.7±0.5
26.5±4.1
30.4±6.1

0.06
0.4
0.08

Total T3 (ng/ml) 3.95±0.92 3.27±0.85 1.89±0.26 0.006
Total T4 (µg/dl) 25.04±2.43 23.25±2.81 9.8±1.54 0.14
TSH (0.55‑4.78 mIU/ml) 0.004±0.007 0.02±0.029 2.24±0.49 0.006
Mean thyroid volume (ml) 13.3±1.8 10.1±1.1 8.4±1 <0.0001
TRAb (<1.6 IU/L) 5.23±2.1 0.46±0.1 ‑ <0.0001
Beta‑HCG (mIU/ml) 120608±21244 152946±26694 ‑ <0.0001
Comparisons (P) provided are between Group I and Group II
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The correlation coefficient r demonstrated a positive correlation 
of the right and left ITA‑PSV with the TRAb levels (r = 0.821, 
P < 0.001 for the right ITA PSV and r = 0.822, P < 0.001 for 
the left ITA‑PSV, respectively).

The most appropriate cutoff for the right and left ITA‑PSV and 
EDV along with its sensitivity, specificity, accuracy, positive 
predictive value, and negative predictive value are presented 
in Table 4.

Discussion

Determination of the etiology of thyrotoxicosis during 
pregnancy is important to guide appropriate treatment. Thyroid 
blood flow velocities have been found to be useful for the 
differential diagnosis of GD from thyroiditis. Role of thyroid 
blood flow velocities to differentiate between GD and GTT is 
not well explored. This study intended to look into the utility 
of ITA‑PSV in the differential diagnosis of thyrotoxicosis in 
pregnancy. We found that ITA‑PSV was significantly higher 
in GD than GTT and can be used as an initial investigation in 
a resource constraint setting to differentiate between GD and 
GTT. The cutoff point of mean ITA‑PSV at 35 cm/s had an 
excellent value in differentiating between the two, with good 
sensitivity and specificity.

In the present study, the mean right and left ITA‑PSV and EDV 
in cases with GTT were significantly lower than in GD with 
pregnancy, and significantly higher than that in healthy euthyroid 
pregnant subjects. The increase in the mean ITA‑PSV and EDV 
in GTT as compared to normal euthyroid pregnant females is 
most likely due to stimulation of the thyroid gland by hCG or 
its molecular variants. Pregnancy has a significant effect on the 
immune system to maintain the fetal‑maternal allograft.[12] In 
GD, there is a fall in thyroid autoantibodies‑TRAbs, which is 
seen in almost all cases as pregnancy progresses through the 
second and third trimesters.[3,12]

As a result of the above two findings, that is, lower TRAb 
levels seen in pregnant patients with GD and the stimulation of 
the thyroid gland by hCG or its molecular variants in patients 
with GTT, an overlap is expected between the ITA blood 
flow velocities between these two groups. Consequently, the 
diagnostic value of the ITA blood flow velocity measured with 
CFDUSG is not extensively evaluated. Zuhur et al.[9] attempted 
to address this issue in 2012 and found that ITA‑PSV may be 
used as an auxiliary diagnostic tool, and the cutoff proposed 
was 29.4 cm/s, with 77.4% and 78% sensitivity and specificity, 
respectively, to differentiate between the two groups. Thus, 
they concluded that ITA‑PSV in pregnancy with thyrotoxicosis 
does not provide sufficient sensitivity and specificity, to be 
recommended as an initial diagnostic test, although it can 
be used as a surrogate marker. The discrepancy between the 
results of Zuhur et al.[9] and our study might be due to the 
constitution of study participants from rural areas, different 
study populations, and ethnicity. Patients in rural areas seek 
medical attention during antenatal care, leading to the diagnosis 
of thyrotoxicosis first time during pregnancy, causing the 
delay in diagnosis and severe disease, leading to high thyroid 
velocities in GD.

Similar study by Xue et  al.[10] in 2016 found a better 
sensitivity and specificity for STA‑PSV to differentiate 
between GD and GTT in pregnancy. Sixty‑eight cases with 
newly diagnosed thyrotoxicosis during pregnancy, including 
GTT (n = 33) and GD (n = 35) were studied. STA‑PSV was 
used and a cutoff was drawn to differentiate between the 
two groups. The area under the ROC curve for STA‑PSV 
was 0.905. The optimal cut‑off points of STA‑PSV was 
40 cm/s, with sensitivity and specificity of 82.9% and 81.8%, 
respectively. In our study, we found excellent sensitivity and 
specificity of ITA‑PSV to differentiate between GTT and 
GD. The optimal cut‑off point of ITA‑PSV was 35  cm/s, 
and the area under the ROC curve for ITA‑PSV was 0.938 
with sensitivity and specificity of 84.62% and 93.33%. The 
comparison of our results with previous similar studies is 
presented in Table 5.

GD is an autoimmune disease, and the TRAb plays a central 
role in the etiopathogenesis of GD. In clinical practice, TRAb 
levels may be helpful to differentiate between GTT and 
GD during pregnancy. In this study, the difficulty in initial 
diagnosis was avoided because all the cases with GD were 
confirmed with TRAb at screening. The TRAb levels were 
normal in all patients with GTT and higher in GD. In the 
current study, we found a positive correlation between ITA 
blood flow velocities and TRAb levels. Ueda et al.[13] found 
that the serum TRAb levels were positively correlated with 
ITA‑PSV in patients with GD and those who had relapse of 
the disease. These results may suggest that increased thyroid 
artery velocities in GD may be related to the underlying 
autoimmune process.[14]

The increased blood flow in ITA in cases with GD has been also 
measured quantitatively in multiple studies with significant 

Table 2: The comparison of right and left ITA blood flow 
velocities in GD with pregnancy and GTT

Parameter GD with pregnancy 
n=26

GTT 
n=30

P

Right ITA PSV 43.04±12.9 22.5±6.8 <0.001
Right ITA EDV 16.46±4.6 8.3±2.3 <0.001
Left ITA PSV 43.15±13.1 22.97±6.3 <0.001
Left ITA EDV 16.62±4.4 8.13±2.01 <0.001

Table 3: The comparison of right and left ITA blood flow 
velocities in GTT with normal pregnancy subjects

Parameter GTT 
(n=30)

Euthyroid pregnant 
subjects (n=30)

P

Right ITA PSV 22.5±6.8 15.73±3.99 <0.001
Right ITA EDV 8.3±2.3 7.1±1.7 0.034
Left ITA PSV 22.97±6.3 15.43±3.77 <0.001
Left ITA EDV 8.13±2.01 6.77±1.7 0.04
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sensitivity and specificity. However, quantitative doppler 
ultrasound needs careful adjustments of the ultrasound system 
so as to prevent artifacts; it can be challenging in certain 
cases, and yet, they have not been standardized. Therefore, 
quantitative techniques have been not included in national and 
international guidelines for the diagnosis and management of 
hyper thyroidism.[15,16]

We demonstrated that ITA blood flow velocities help in the 
etiologic diagnosis of thyrotoxicosis during pregnancy. This 
can be an excellent tool, especially in rural areas for this 
purpose. The difficulty in initial diagnosis was avoided because 
all the cases with GD were confirmed with TRAb at screening, 
adding to the strength of the study.

Our study is limited by a small number of sample size. Free T4 
levels were not done in the subjects considering the fallacies in 
FT4 assays particularly in pregnancy.[17] Also, Beta‑Hcg was 
measured by ELISA. All pregnant women with thyrotoxicosis 
were diagnosed with GTT or GD, based primarily on the TRAb 
results. Therefore, it was difficult to compare the ITA blood flow 
velocity with the TRAb level for differential diagnoses between 
GTT and GD. Furthermore, even though our results suggest the 
excellent utility of thyroid blood flow velocities, minimal overlap 
between the two conditions is seen; thus, studies with larger 
numbers of patients will further add to the diagnostic utility.

In summary, thyroid artery velocities can be considered to 
be one of the initial investigations that can give great help to 
differentiate between GD and GTT. We found that the cutoff 
point of mean ITA‑PSV at 35 cm/s had an excellent value in 
differentiating between the two, with good sensitivity and 
specificity. ITA‑PSV appears to be practical, accurate, and 
reliable for this purpose, especially in pregnancy when thyroid 
scintigraphy is contraindicated. In addition, color Doppler is 
cost‑effective and easily available technique making it a good 
choice in resource constraint settings.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

Acknowledgement
We thank the Department of Radiology ,Gandhi Hospital for 
their support in conducting the study.

Authors Contribution
VSRD: Study idea, protocol development, data collection, 
manuscript writing and will act as guarantor for the study; PL: 
Developing protocol, data collection, analysis and manuscript 
writing; SRP: Developing protocol and manuscript writing; 
SRD:Developing protocol, data analysis and manuscript 
writing;VSRD, PL, SRP: Critical appraisal and revision of 
manuscript. All authors approved final version of manuscript.

References
1.	 Krassas  GE, Poppe  K, Glinoer  D. Thyroid function and human 

reproductive health. Endocr Rev 2010;31:702‑55.
2.	 Patil‑Sisodia K, Mestman JH. Graves hyperthyroidism and pregnancy: 

A clinical update. Endocr Pract 2010;16:118‑29.
3.	 Goldman AM, Mestman JH. Transient non‑autoimmune hyperthyroidism 

of early pregnancy. J Thyroid Res 2011;2011:142413.
4.	 Bouillon  R, Naesens  M, Van Assche  FA, De Keyser  L, De Moor  P, 

Renaer  M, et  al. Thyroid function in patients with hyperemesis 
gravidarum. Am J Obstet Gynecol 1982;143:922‑6.

5.	 Kimura  M, Amino  N, Tamaki  H, Ito  E, Mitsuda  N, Miyai  K, et  al. 
Gestational thyrotoxicosis and hyperemesis gravidarum: Possible 
role of hCG with higher stimulating activity. Clin Endocrinol  (Oxf) 
1993;38:345‑50.

6.	 Galofre  JC, Davies  TF. Autoimmune thyroid disease in pregnancy: 
A review. J Womens Health (Larchmt) 2009;18:1847‑56.

7.	 Hari Kumar KV, Pasupuleti V, Jayaraman M, Abhyuday V, Rayudu BR, 
Modi  KD. Role of thyroid Doppler in differential diagnosis of 
thyrotoxicosis. Endocr Pract 2009;15:6‑9.

8.	 Hiraiwa T, Tsujimoto N, Tanimoto K, Terasaki J, Amino N, Hanafusa T. 
Use of color Doppler ultrasonography to measure thyroid blood flow 
and differentiate graves’ disease from painless thyroiditis. Eur Thyroid J 
2013;2:120‑6.

9.	 Zuhur  SS, Özel A, Velet  S, Bugdacı MS, Çil E, Altuntas Y Is the 
measurement of inferior thyroid artery blood flow velocity by color‑flow 
Doppler ultrasonography useful for differential diagnosis between 
gestational transient thyrotoxicosis and Graves’ disease? A prospective 
study. Clinics (Sao Paulo) 2012;67:125‑9.

Table 4: ROC curve, cutoff values for the right and left ITA‑blood flow velocities for differentiating GTT from GD during 
pregnancy

Variables Cutoff value AUC 95% CI Sensitivity/Specificity Accuracy % PPV % NPV %
Right ITA PSV 35 cm/sec 0.938 0.877 – 0.999 84.62/93.33 89.29 91.67 87.5
Right ITA EDV 11 cm/sec 0.953 0.894 – 1 88.46/86.67 87.5 85.19 89.66
Left ITA PSV 34.5 cm/sec 0.947 0.895 – 1 84.62/93.33 89.29 91.67 87.5
Left ITA EDV 11 cm/sec 0.964 0.915 – 1 84.62/93.33 89.29 91.67 87.5

Table 5: PSV cutoff found in the previous studies conducted in pregnancy to differentiate between GD and GTT

Study n PSV in GD cm/s PSV in GTT cm/s Cutoff cm/s Sensitivity (%) Specificity (%)
Kumar et al., 2008[7] 4/3 92±13 20.4±2.4 ‑ ‑ ‑
Zuhur et al., 2012[9] 41/31 37.58±10.89 24.3±7.3 29.4 77 78
Xue et al., 2016[10] 33/35 ‑ ‑ 40 82.9 81.8
Present study 30/26 43.04±12.9 22.5±6.8 35 84.6 93



Danda, et al.: Colour flow Doppler ultrasonography to differentiate gestational transient thyrotoxicosis and grave’s disease in pregnancy

Indian Journal of Endocrinology and Metabolism  ¦  Volume 28  ¦  Issue 1  ¦  January-February 202470

10.	 Xue M, Shi QL, Tan KN, Wu Y, Zhou R.  [The role of color doppler 
ultrasonography, thyroid function and auto antibody for the 
screening of Graves’ disease in pregnancy]. Zhonghua Nei Ke Za Zhi 
2016;55:470‑3.

11.	 Bogazzi  F, Bartalena  L, Martino  E. Color flow Doppler sonography 
of the thyroid. In: Baskin  HJ, editor. Thyroid Ultrasound and 
Ultrasound‑Guided FNA Biopsy. Boston, MA: Springer; 2000.

12.	 Russell AS. Immune modulation (TH1 and TH2 responses) in pregnancy. 
Scand J Rheumatol Suppl 1998;107:14‑7.

13.	 Ueda M, Inaba M, Kumeda Y, Nagasaki T, Hiura Y, Tahara H, et  al. 
The significance of thyroid blood flow at the inferior thyroid artery as 
a predictor for early Graves’ disease relapse. Clin Endocrinol  (Oxf) 
2005;63:657‑62.

14.	 Baldini  M, Castagnone  D, Rivolta  R, Meroni  L, Pappalettera  M, 
Cantalamessa  L. Thyroid vascularization by color doppler 

ultrasonography in Graves’ disease. Changes related to different phases 
and to the long‑term outcome of the disease. Thyroid 1997;7:823‑8.

15.	 Alexander EK, Pearce EN, Brent GA, Brown RS, Chen H, Dosiou C, 
et  al. 2017 Guidelines of the American Thyroid Association for the 
diagnosis and management of thyroid disease during pregnancy and 
the postpartum  [published correction appears in Thyroid. 2017  Sep; 
27 (9):1212]. Thyroid 2017;27:315‑89.

16.	 Chung  J, Lee YJ, Choi YJ, Ha  EJ, Suh  CH, Choi  M, et  al. Clinical 
applications of Doppler ultrasonography for thyroid disease: Consensus 
statement by the Korean Society of Thyroid Radiology. Ultrasonography 
2020;39:315‑30.

17.	 Lee RH, Spencer CA, Mestman JH, Miller EA, Petrovic I, Braverman LE, 
et al. Free T4 immunoassays are flawed during pregnancy. Am J Obstet 
Gynecol 2009;200:260.e1‑6.


