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Background: Thyrotoxicosis may be caused by Graves’ disease or destructive thyroiditis. Differentiation between causes of 
thyrotoxicosis is crucial as management will differ. 99mTechnetium (Tc)-pertechnetate thyroid scintigraphy is currently the gold 
standard for this purpose, however, is expensive and uses ionizing radiation.
Objective: To evaluate the role of color flow Doppler Ultrasound (CDU) of the superior thyroid (STA) and inferior thyroid arteries (ITA) as 
an inexpensive, non-invasive tool that can aid in differentiating between Graves’ disease and thyroiditis and compare it with thyroid 
scintigraphy.
Methods: Sixty-nine patients with newly-diagnosed thyrotoxicosis and 30 controls were enrolled. Thyroid functions, thyroid 
scintigraphy, and CDU of STA and ITA with measurements of peak systolic velocity (PSV) and end diastolic velocity (EDV), were 
performed. According to thyroid scintigraphy results, patients were divided into two groups: 42 patients with Graves’ disease and 27 
patients with thyroiditis.
Results: PSV and EDV of both STA and ITA were significantly higher in patients with Graves’ disease than thyroiditis (p-values <0.001). 
The STA-PSV had an equal sensitivity and specificity of 66.7%; cut-off value 76.57 cm/s, while those of STA-EDV were 73.8%, and 
77.8% respectively; cut-off value 28.22 cm/s. ITA-PSV had a sensitivity and specificity of 76.2% and 77.8%, respectively; cut-off value 
62.12 cm/s), while those of ITA-EDV were 78.6% and 77.8%, respectively; cut-off value 5.22 cm/s.
Conclusion: CDU parameters of the STA and ITA could be used as an alternative to thyroid scintigraphy for discriminating between 
Graves’ disease and thyroiditis.
Keywords: Color Doppler Flow Ultrasound, peak systolic velocity, end-diastolic velocity, Graves’ disease, thyroiditis

Introduction
Two of the common causes of thyrotoxicosis are hyperthyroidism due to Graves’ disease and destructive thyroiditis. It is crucial 
to differentiate between them as managing each one will differ.1 Thyroid scintigraphy using Technetium 99 99mTc-pertechnetate 
or iodine 123 radioisotopes is a sensitive method used to differentiate between Graves’ disease and thyroiditis,2 with a 
considerably low effective radiation dose (to the whole body) of around 3.2 millisieverts (mSv) being delivered to adults for 
conventional activities of thyroid scan.3 However, it is costly and may be contraindicated in some cases, as in pregnant or 
lactating female patients.4

It has been established that measurement of thyrotropin receptor antibodies (TRAb) is greatly efficacious in rapid 
diagnosis of Graves’ disease,5 particularly with the emergence of new-generation TRAb immunoassays demonstrating 
high sensitivity and specificity.6 Thyroid-stimulating immunoglobulins (TSI), although characteristic of Graves’ disease, 
are not integrated in recent algorithms for diagnosis of hyperthyroidism as they are evaluated by costly and clinically 
unpractical bioassays. Few studies employed an entirely automated chemiluminescent bioassay (Immulite) for the direct 
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detection of TSI but concluded that TRAb and TSI assays had the same diagnostic performance in detection of Graves’ 
hyperthyroidism.6

Most of the diffuse pathological involvement of the thyroid gland is coupled with impaired vascularity.7,8 High 
systolic velocities on Doppler ultrasound have been reported in cases with thyrotoxicosis.9–11

Color Doppler Flow Ultrasound (CDU) has emerged as an easier, inexpensive and a more convenient method for 
investigating the cause of thyrotoxicosis.12–16 It has also been applied clinically in discriminating between benign and 
malignant thyroid nodules17 because of its high sensitivity and specificity and has shown diagnostic utility in the 
prediction and grading of malignant thyroid follicular neoplasms.18,19 Moreover, CDU may be a useful tool in timely 
identification of asymptomatic, incidental diffuse parenchymal thyroid disease;20 evaluation of functional status of 
thyroid gland as well as disease activity, remission, or recurrence in case of Graves’ disease or thyroiditis;19 and clinical 
value in monitoring response to therapy.21,22

Different parameters can be evaluated by CDU including vascular pattern in thyroid parenchyma and blood flow as 
well as quantitative assessment of blood flow velocities in thyroid arteries.23–25

Several studies have assessed the mean peak systolic velocity (PSV) and end-diastolic velocity (EDV) in the superior 
and inferior thyroid arteries using color flow Doppler ultrasound for differentiating between patients with Graves’ disease 
and those with destructive thyroiditis.1,4,22,26,27 The sensitivity and specificity have differed among various studies and no 
cut-off values have yet been validated.11,28,29

Measurement of mean peak systolic velocity (PSV) in the inferior thyroid artery (ITA) has been widely employed in 
previous studies1,30,31 to assess its ability in distinguishing the causes of thyrotoxicosis. There are some limitations, however, 
to its utility in clinical practice such as the anatomic variation of the lumen size, accurate positioning due to its deep 
location,25,32 and interference with detection of blood flow velocity owing to variation in ITA spectral flow directions.33

Superior thyroid artery (STA) being more superficially located is more accurately positioned,34 thereby facilitating its 
clinical utility for measurement of PSV in multiple retrospective and prospective studies and evaluating its diagnostic 
accuracy in discriminating between Graves’ disease and destructive thyroiditis.11,27

The aim of the study was to assess the role of color Doppler sonography of the superior (STA) and inferior (ITA) 
thyroid arteries as a sensitive, non-invasive tool in differentiating between Graves’ disease and thyroiditis as compared to 
99mTc-pertechnetate thyroid scintigraphy and to assess the difference in CDU parameters between the right and left 
thyroid arteries and their diagnostic accuracy. We also aimed to compare and assess the sensitivity and specificity of the 
mean PSV and EDV of both the inferior and superior thyroid arteries simultaneously and to provide optimum cut-off 
values for blood flow velocities for differentiating between Graves’ disease and thyroiditis.

Patients and Methods
This is a case-control, observational study and all patients were prospectively recruited from the Endocrine Clinic of Kasr 
El Ainy Hospital, Cairo University during the period from January to March 2022. The study protocol was approved of 
by the Research Ethics Committee of Cairo University and institutional clearance was obtained (N-21-2022) in 
agreement with ethical principles of the Declaration of Helsinki.35 All participants willingly undertook the study and 
informed consent was obtained prior to enrolment.

The study included 69 patients with recently established thyrotoxicosis who did not receive treatment and 30 age- and 
sex-matched healthy control subjects. Diagnosis of thyroid hyperfunction was based on thyroid function tests which 
included TSH, free T3, and free T4. The patients were then split up into two groups according to the results of 99mTc- 
pertechnetate thyroid scintigraphy: 42 patients with Graves’ disease and 27 patients with thyroiditis (Figure 1). The 
diagnosis of Graves’ disease was determined by clinical features such as the presence of diffuse goiter with or without 
eye, skin, or nail changes as well as diffusely increased tracer uptake pattern in the thyroid scan studies. Thyroiditis was 
diagnosed by the presence of thyroid tenderness, absence of eye, skin, or nail changes, as well as reduced tracer uptake 
pattern in the thyroid scan studies. Patients with diffuse goiter were included in the study.

Patients with a history of thyroid surgery, toxic nodule, multinodular goiter, subjects prescribed iodine-containing 
medicines, as well as amiodarone, previous radioiodine therapy, recent exposure to iodine-containing contrast agents, 
pregnancy or lactation, and patients on anti-thyroid medications were excluded from the study.
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All participants underwent a detailed history taking and clinical evaluation including resting pulse rate and neck 
examination prior to ultrasonography.

Color Doppler Ultrasound (CDU)
Thyroid ultrasound examination was performed by an experienced clinician who was uninformed about the patient’s 
clinical status. The subjects were advised to rest for a short period of 10 minutes prior to the Doppler examination of the 
thyroid gland. Examination was performed in a supine attitude with an extended neck. A color Doppler ultrasound 
scanner ((ALT) HDI, Ultramark, Phillips) ultrasound machine was used for the study equipped with a 7–12 MHz 
broadband linear array transducer. The grey scale ultrasound examination of the thyroid gland was performed evaluating 
the size, shape, gland echo-texture, plus the existence or absence of nodules. The color Doppler ultrasound pattern of the 
gland was studied. Color Doppler parameters were F. 7.6 MHz, G.76%, pulse-repetition frequency (PRF) 2.1 KHz and 
the wall filter (WF) was M. The STA image was acquired by shifting the probes from the sagittal portion of the upper 
pole in the direction of the cranial aspect of the thyroid gland, at the same time sustaining placement of the probe in the 
sagittal plane.

The different blood-flow velocity waveforms were assessed at a steady position with an inclination angle of less than 
60° amid the beam and the superior thyroid artery and the peak systolic and end diastolic velocities were established via 
the velocity waveform. Spectral Doppler evaluation of the right and left inferior thyroid arteries was obtained in the 
transverse section wherein the vessels posteriorly traversed the common carotid arteries, or in the longitudinal section of 
the ascending segments of the arteries, where the vessels are found parallel to the common carotid arteries.

The angle correction cursor was positioned in parallel to the blood flow direction and the Doppler angle was 
maintained at ≤60°. Doppler indices obtained were peak systolic velocity (PSV) and end diastolic velocities (EDV) of 
the right and left superior and inferior thyroid arteries. Doppler Resistivity index (RI) was calculated according to the 
following formula: RI=PSV-EDV/PSV of the corresponding artery (Figures 2 and 3).

Another clinician, who was oblivious to the patient’s clinical background and Doppler ultrasound examination, 
carried out the radioisotope scanning of the thyroid gland.

99mTechnetium (TC) Pertechnetate Thyroid Scintigraphy
It was performed according to the most updated practice guidelines for the performance of thyroid scintigraphy and uptake 
measurements.36 They were obtained 15 minutes after intravenous injection of 185 MBq of 99mTc pertechnetate and the static 
view images were attained by means of a large F-O-V dual-head gamma camera equipped with a parallel-hole collimator 
(Philips-Axis, Eindhoven, the Netherlands). The patients were in supine posture with an extended neck. The different static 
images were acquired in the anterior, and both anterior oblique projections for a minimum of 100,000 counts or 8 minutes, 
whichever occurs first with a 128×128 matrix size and the zooming option was adjusted to 1.0. The gamma camera was adjusted 

Figure 1 Flow chart showing patient selection.
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to have an energy intensity of 140 keV, together with a 20% symmetrical window. Background- and decay-corrected uptakes by 
the thyroid gland were estimated utilizing the software provided within the system. The parameters observed included the thyroid 
uptake pattern and percentage, as well as those of the salivary glands (Figure 4).

Statistical Analysis
Data management and analysis were accomplished using Statistical Package for Social Sciences (SPSS) version 25. 
Numerical data were summarized using means and standard deviations or medians and/or ranges, as appropriate. 

Figure 3 Color Doppler hemodynamic parameters of the left inferior thyroid artery in a patient with thyroiditis showing a peak systolic velocity (PSV) of 17.3 cm/s, end- 
diastolic velocity (EDV) of 9.32 cm/s, and Resistive index (RI) of 0.46.

Figure 2 Showing images of color Doppler ultrasound and spectral Doppler flow analysis of a patient with Graves’s disease. (A) Right lobe of thyroid gland showing a diffuse 
increase in the thyroid gland vascularity on color Doppler. (B) Spectral Doppler flow examination of the right ITA showing an increased peak systolic velocity (89.2 cm/s) and 
an increased end-diastolic velocity of 31.2 cm/s.
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Comparisons between two groups for normally distributed numeric variables were done using the Student’s t-test while 
for non-normally distributed numeric variables, comparisons were done by Mann–Whitney U-test. Receiver operating 
characteristic (ROC) curve analysis was performed to establish the optimal cut-off point, sensitivity, specificity, and area 
under the curve. P-value ≤0.05 was considered statistically significant.

Results
Patients Characteristics
Sixty-nine patients who were recently diagnosed with thyrotoxicosis were split up into two groups based on the clinical 
findings and the results of 99mTc-pertechnetate thyroid scintigraphy: 42 patients with Graves’ disease (12 males and 30 
females) and 27 patients with thyroiditis (six males and 21 females). The patients were age-matched (p-value =0.644). 
Clinical, biochemical characteristics, as well as thyroid scintigraphy uptake measurements and Color flow Doppler 
parameters of the studied groups are displayed in Table 1.

Comparison of CDU Parameters Between Patients with Graves’ Disease and 
Thyroiditis
Evaluation of the thyroid blood flow by means of color imaging and Doppler spectral flow analysis of the superior and 
inferior thyroid arteries showed that the PSV and EDV of both right and left STA and ITA were significantly higher in 
patients with Graves’ disease as compared to patients with thyroiditis with p-values <0.001. No significant differences 
were, however, observed when comparing right and left STA and ITA resistivity indices between patients with Graves’ 
disease and thyroiditis.

Comparison of the Mean CDU Velocities of the Superior and Inferior Thyroid 
Arteries Between Patients with Graves’ Disease and Thyroiditis
Comparison of the mean PSV and EDV of both superior and inferior thyroid arteries among the patient groups is demonstrated 
in Table 2. The mean STA-PSV and EDV, as well as the mean ITA-PSV and EDV were significantly the highest among patients 
with Graves’ disease as compared to patients with thyroiditis, with the lowest values being observed in the euthyroid group.

Correlation of Thyroid Scintigraphy with the Mean CDU Parameters in Patients with 
Thyrotoxicosis
Uptake by thyroid scintigraphy correlated significantly with CDU parameters of STA (Table 3) including mean STA PSV 
(r=0.629; p=0.000), STA EDV (r=0.572; p=0.000) and STA RI (r=0.283; p=0.019) in patients with thyroiditis. It also 

Figure 4 (A) represents reduced tracer uptake in thyroiditis while (B) represents diffuse increase of radiotracer uptake in Grave’s disease.
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Table 1 Comparison of Parameters Between Studied Groups (Graves’ Disease, Thyroiditis, and the Control Group)

Graves’ Disease (N=42) Thyroiditis (N=27) Control (N=30) p-value

Mean±SD Median Mean±SD Median Mean±SD Median

Age (years) 37±10 36.00 37±14 30.0 34±7 36.00 0.692

TSH (µIU/L) 0.02±0.026 0.010 0.038±0.036 0.010 1.4±2.1 1.4 0.005

Free T4 (ng/dL) 6.47±6.01 5.020 5.26±4.67 4.0 1.2±0.9 1.3 0.024

Free T3 (ng/dL) 15.1±7.7 13.00 11.2±8.5 5.4 2.6±1.1 2.8 0.023

Uptake (%) 14.9±9.4 12.70 1.3±1.4 0.8 – – 0.000

RT STA-PSV (cm/s) 107.5±71.3 101.5 51.4±31.3 32.6 27.5±6.4 27.30 0.000

RT STA-EDV (cm/s) 46.4±25.9 44.80 24.1±17.8 14.2 13.4±3.4 13.50 0.000

RT STA-RI 0.55±0.09 0.57 0.54±0.10 0.54 0.51±0.06 0.505 0.082

LT STA-PSV (cm/s) 107.9±57.4 104.3 50.8±32.6 30.3 18.9±3.2 17.450 0.000

LT STA-EDV (cm/s) 44.2±27.7 39.30 21.3±13.2 15.5 9.4±2.8 8.850 0.000

LT STA-RI 0.60±0.09 0.59 0.57±0.07 0.60 0.51±0.11 0.4950 0.004

RT ITA-PSV (cm/s) 105.7±57.4 91.20 44.4±19.0 41.0 27.9±10.6 24.90 0.000

RT ITA-EDV (cm/s) 43.8±30.9 33.90 18.8±5.5 19.2 13.8±5.8 13.60 0.000

RT ITA-RI 0.58±0.09 0.57 0.55±0.12 0.57 0.50±0.11 0.505 0.013

LT ITA-PSV (cm/s) 105.0±62.0 89.8 51.8±34.2 39.7 21.7±5.8 22.00 0.000

LT ITA-EDV (cm/s) 43.1±26.4 39.2 21.7±14.3 17.3 9.7±3.0 9.40 0.000

LT ITA-RI 0.59±0.11 0.59 0.57±0.04 0.57 0.55±0.12 0.555 0.436

Notes: Values are expressed as mean±SD; p-values <0.05 are considered statistically significant. 
Abbreviations: STA, superior thyroid artery; ITA, inferior thyroid artery; PSV, peak systolic velocity; EDV, end-diastolic velocity; RI, resistive index; uptake, uptake 
measurements on 99mTechnetium thyroid scintigraphy.

Table 2 Comparison Between the Patients with Graves’ Disease and Thyroiditis Regarding the Mean Systolic 
and Diastolic Velocities of Superior and Inferior Thyroid Arteries

Parameter Graves’ Disease (N=42) Thyroiditis (N=27) p-value

Mean±SD Median Mean±SD Median

Mean STA-PSV (cm/s) 107.72±57.18 99.55 51.11±31.56 29.70 <0.001

Mean STA-EDV (cm/s) 45.32±23.24 41.775 22.71±14.98 14.55 <0.001

Mean STA-RI 0.571±0.077 0.570 0.554±0.071 0.535 0.223

Mean ITA-PSV (cm/s) 105.33±52.56 93.175 48.078±23.61 35.30 <0.001

Mean ITA-EDV (cm/s) 43.44±25.51 39.625 20.22±9.47 18.4 <0.001

Mean ITA-RI 0.586±0.088 0.5850 0.563±0.072 0.555 0.216

Notes: Values are expressed as mean±SD; p-values <0.05 are considered statistically significant. 
Abbreviations: STA, superior thyroid artery; ITA, inferior thyroid artery; PSV, peak systolic velocity; EDV, end-diastolic velocity; RI, resistive 
index; uptake, uptake measurements on 99mTechnetium thyroid scintigraphy.
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correlated significantly with CDU parameters of ITA (Table 3) including ITA-PSV (r=0.592; p=0.000) and ITA-EDV 
(r=0.551; p=0.000). However, CDU parameters of STA and ITA did not show a significant correlation with scintigraphy 
uptake in patients with Graves’ disease (Table 3).

The Diagnostic Efficacy of the Average STA and ITA Measurements in Differentiating 
Between Graves’ Disease and Thyroiditis Using ROC Curve Analysis
ROC curve analysis performed to evaluate the ability of the mean STA-PSV to discriminate between Graves’ disease and 
thyroiditis revealed an equivalent sensitivity and specificity of 66.7%, with an area under receiver operating characteristic 
curve (AUC) of 0.835 (95% CI=0.735–0.934; p-value <0.001) and a cut-off value of 76.57 cm/s (Figure 5). The 
sensitivity and specificity significantly improved to 73.8% and 77.8%, respectively, when evaluating the ability of the 
mean STA-EDV in differentiating between causes of thyrotoxicosis with a similar area under ROC curve of 0.823 (95% 
CI=0.716–0.930; p-value <0.001) and a cut-off value of 28.22 cm/s (Figure 5). On the other hand, the mean STA-RI 
demonstrated a very poor sensitivity and specificity.

When evaluating the diagnostic performance of the inferior thyroid artery indices in differentiating between Graves’ 
disease and thyroiditis, the sensitivity and specificity of ITA-PSV was 76.2% and 77.8%, respectively (AUC=0.869; 95% 
CI=0.784–0.954; cut-off value=62.12 cm/s; p-value <0.001) (Figure 6) and this was comparable to the sensitivity and 
specificity of the ITA-EDV (78.6% and 77.8%, respectively) with an AUC of 0.865; 95% CI=0.788–0.952; p-value 
<0.001; and a cut-off value of 25.22 cm/s (Figure 6).

Discussion
Color flow Doppler ultrasonography is a convenient, non-invasive, low-cost, and readily available method for evaluating 
blood flow and tissue vascularity. Thyroid blood flow that is diffusely augmented is a specific finding in patients with 
untreated Graves’ disease and an aberrant color flow Doppler pattern distinguishes most Graves’ disease patients 
exhibiting a normal pattern on thyroid ultrasound. Therefore, it can be used to differentiate between Graves’ disease 
and thyroiditis.23,24 Vascularization can be qualitatively explored by estimating the visual thyroid vascularization pattern 
or quantitatively studied by assessing the thyroid blood flow area. Furthermore, Doppler ultrasound permits measurement 
of peak systolic velocity (PSV) and end-diastolic velocity (EDV), along with other indices like the resistive index (RI) 
and pulsatility indices of the superior and inferior thyroid arteries as well as the intra-thyroid and intra-nodular arteries.37

These parameters, together with the B-mode ultrasound parameters, have also been integrated in a Computer-aided 
diagnosis (CAD) system to aid radiologists in differentiating between hot and cold thyroid nodules more accurately. 

Table 3 Correlation Between Thyroid Scintigraphy Uptake and the Mean CDU Parameters of 
the Inferior and Superior Thyroid Arteries in the Studied Groups (Graves’ Disease, Thyroiditis)

CDU parameters Thyroid Scintigraphy Uptake

Graves’ Disease  
(N=42)

Thyroiditis  
(N=27)

R p R p

Mean STA-PSV (cm/s) 0.294 0.059 0.678 0.00
Mean STA-EDV (cm/s) 0.229 0.144 0.519 0.006

Mean STA-RI 0.202 0.201 0.370 0.058

Mean ITA-PSV (cm/s) 0.153 0.334 0.527 0.005
Mean ITA-EDV (cm/s) 0.066 0.677 0.502 0.008

Mean ITA-RI 0.119 0.453 −0.033 0.868

Notes: Values are expressed as mean±SD; p-values <0.05 are considered statistically significant. 
Abbreviations: STA, superior thyroid artery; ITA, inferior thyroid artery; PSV, peak systolic velocity; EDV, end- 
diastolic velocity; RI, resistive index; CDU, Color Doppler ultrasound.
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Doppler indices like the resistive index (RI) and the peak systolic to the end diastolic velocity ratio (SDR) exhibited good 
diagnostic performance in discriminating between cold and hot nodules.17,38

Measurement of PSV is a quantitative, non-invasive, cost-effective, and readily available method that implicates the 
thyroid blood supply status. With the advancement in modern color Doppler technology, PSV has become a good 

Figure 5 ROC curve analysis for the mean STA-PSV (A) and the mean STA-EDV (B) in differentiating between Graves’ disease and thyroiditis.

Figure 6 ROC curve analysis for the mean ITA-PSV (A) and mean ITA-EDV (B) in differentiating between Graves’ disease and thyroiditis.
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discriminating parameter with a high reproducibility.39 The end diastolic velocity (EDV) of thyroid arteries signifies 
peripheral blood flow resistance.40

In this study, we assessed the role of the color Doppler flow sonography of the superior (STA) and inferior (ITA) 
thyroid arteries as a possible substitute of 99mTc-pertechnetate thyroid scintigraphy to differentiate between Graves’ 
disease and destructive thyroiditis.

Regarding the superior thyroid artery, the mean PSV and EDV of both right and left superior thyroid arteries and subsequently 
the average STA-PSV and STA-EDV were observed to be significantly higher in patients with Graves’ disease than in patients 
with thyroiditis with a p-value <0.001. This is in agreement with a study by Sundarram et al41 that also demonstrated higher mean 
STA-PSV among patients with untreated Graves’ disease than those with thyroiditis (54.09±4.67 cm/s vs 28.92±4.39 cm/s, 
respectively), however the values reported were much less than the values found in the present study (107.72±57.18 cm/s and 
51.11±31.56 cm/s, respectively). As revealed in previous studies, mean STA-PSV values exceeding 100 cm/s were observed in 
recently diagnosed patients with Graves’ disease or those unresponsive to treatment.41

The present study exhibited an equivalent sensitivity and specificity of 66.7% for STA-PSV and a cut-off value of 
76.57 cm/s, whereas the mean STA-EDV showed a sensitivity and a specificity of 73.8% and 77.8%, respectively, with a cut- 
off value of 28.22 cm/s. This was comparable to a study by Kumar et al,4 conducted on 65 patients with thyrotoxicosis which, 
however, reported a greater sensitivity of 94% and a 100% specificity of the STA-PSV in differentiating between Graves’ 
disease and thyroiditis at an optimal cut-off value greater than 40 cm/s. The objectivity and accuracy of STA-PSV as a 
quantitative measure for the etiological evaluation of hyperthyroidism was also confirmed in a former study by Erdoğan 
et al.25 This was also in accordance with a retrospective and a prospective analysis by Zhao et al11 on patients with untreated 
thyrotoxicosis that demonstrated a significantly higher mean STA-PSV in patients with Graves’ disease than those with 
thyroiditis, with a cut-off value of 50.5 cm/s and a high diagnostic accuracy in the differential diagnosis of thyrotoxicosis. This 
optimal cut-off value was further employed in hospitals where color Doppler ultrasound was done using the same standard 
operating procedures (SOP) but different machines and the mean STA-PSV was endorsed as a reliable test deserving 
promotion. The latter study also showed that the mean TRAb values were comparable to the mean STA-PSV in differentiating 
thyroiditis and GD. Similarly, a meta-analysis of 11 studies by Peng et al29 confirmed the eminent role of the STA-PSV in 
differentiating between Graves’ disease and thyroiditis, with a collective sensitivity and specificity of 86% and 93%, 
respectively, with an AUC of 0.94 (95% CI=0.92–0.96).

A recent study by Sarangi et al42 also reported significantly higher STA-PSV among patients with Graves’ disease than 
those with thyroiditis and established an optimal cut-off value of 54.3 cm/s for the mean STA-PSV with a sensitivity of 82.9% 
and a specificity of 86.2% in discriminating between Graves’ disease and thyroiditis. Furthermore, they concluded that values 
of the mean STA-PSV greater than 84.93 cm/s confirmed a 100% specificity for the diagnosis of Graves’ disease.42

The discrepant results in various studies may be attributable to numerous factors as the sample size, different ethnicity, 
varying modes of positioning of STA employed by the operator, or altering frequencies of ultrasound transducers.

Regarding the inferior thyroid artery, the PSV and EDV of both right and left inferior thyroid arteries and 
consequently the mean ITA-PSV and ITA-EDV were significantly higher in patients with Graves’ disease than in patients 
with thyroiditis, with p-values <0.001. The value of the mean ITA-PSV shown in the present study was 105.33 
±52.56 cm/s in the Graves’ disease group and this was almost comparable to the mean STA-PSV. A meta-analysis by 
Chiou et al31 similarly revealed a higher mean ITA-PSV value in hyperthyroid patients (41.8±21.3 cm/s compared to 
euthyroid patients (28.8±20 cm/s). A study by Malik et al43 also demonstrated higher mean PSV-ITA values in patients 
with Graves’s disease than those with thyroiditis (45.85±14.49 cm/s versus 15.83±8.15 cm/s, respectively, p<0.001). In 
literature, values of the mean ITA-PSV ranged widely from 42.1±14.6 cm/s to 186±38.7 cm/s, depending on the sites 
selected for thyroid artery sampling and factors such as racial differences, and this may, therefore, explain the higher 
values of ITA-PSV in Graves’ disease patients observed in our study compared to previous studies. Previous studies by 
Sundarram et al41 and Donkol et al1 were also consistent with the present study and demonstrated higher mean ITA-PSV 
in patients with Graves’ disease compared to destructive thyroiditis patients, however, no cut-off value for the mean ITA- 
PSV was reported by the former study.

The PSV and end diastolic velocities of the inferior thyroid artery showed a greater sensitivity and specificity 
compared with the superior thyroid arteries (mentioned earlier) in the present study, being 76.2% and 77.8%, 
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respectively, for ITA-PSV with a cut-off value of 62.12 cm/s, and 78.6% and 77.8%, respectively, for the ITA-EDV with 
a cut-off value of 25.22 cm/s. This is an important finding because to the best of our knowledge this is the first study to 
compare the sensitivity and specificity and identify cut-off values for PSV and EDV of both the inferior and superior 
thyroid arteries concurrently. Although the superior thyroid artery is more superficially located, arising directly from the 
external carotid artery, it is thin and may be less notable when compared to the ITA and, hence, blood flow velocities may 
be better assessed using more advanced computer software and higher proficiency ultrasound equipment. The study by 
Donkol et al1 concluded that ITA blood flow velocity is an important parameter for discriminating between Graves’ 
disease and thyroiditis, with a sensitivity of 88.9% and a specificity of 87.5% for ITA-PSV (PPV of 94.1%; NPV of 
77.8%; an 88.5% diagnostic accuracy) and a cut-off value of 40 cm/s.

Likewise, in a study by Bogazzi et al,10 the peak systolic, end diastolic, and mean velocities of inferior thyroid artery 
in patients with Graves’ disease were found to be significantly higher than patients with thyroiditis and established that a 
mean ITA-PSV cut-off value of 15±3 cm/s adequately diagnosed Graves’ disease. The study by Kumar et al4 conducted 
on 65 patients with thyrotoxicosis also demonstrated a significantly higher ITA blood flow in patients with Graves’ 
disease compared to those with destructive thyroiditis. Moreover, they revealed that color flow Doppler ultrasound 
carried a sensitivity of 96% and a specificity of 95% in distinguishing the causes of thyrotoxicosis. Another study 
identified a mean ITA-PSV cut-off value of 30 cm/s for differentiating between Graves’ disease and thyroiditis with a 
sensitivity of 91% and a specificity of 89% on ROC curve analysis.43

Several studies used other quantitative methods to assess thyroid blood flow using color pixel density (CPD) and 
volume flow rate (VFR) and observed that these parameters demonstrated a similar sensitivity but a lower specificity than 
the PSV in diagnosing Graves’ disease.21,24,44

An important finding in the present study was the significant correlation between thyroid scintigraphy uptake and the 
Color Doppler indices including the peak systolic and end-diastolic velocities of STA and ITA in patients with thyroiditis. 
This is in accordance with a study by Anjuman et al,45 which also confirmed a strong positive correlation between the 
peak systolic velocity of inferior thyroid artery on Color Doppler and radioactive iodine uptake in both 2 hours and 24 
hours (r=0.330, p=0.003 and r=0.325, p=0.004, respectively). Considering radioactive iodine uptake as the gold standard 
for differentiating between Graves’ disease and subacute thyroiditis, the latter study concluded that PSV of ITA could be 
used as a better and more convenient alternative to scintigraphy, owing to its high sensitivity, specificity (93.7% and 
83.3%, respectively), and diagnostic performance (89.7%).

Additionally, in agreement with our results, Zhao et al11 established a strong linear correlation between the mean PSV 
of superior thyroid artery on Color Doppler ultrasound and the 3 hours and 24 hours radioactive iodine uptake (r=0.458, 
p<0.001 and r=0.501, p<0.001, respectively) in patients with thyrotoxicosis and concluded that the STA-PSV is a more 
accurate, convenient, readily available alternative to radioactive iodine uptake (RAIU), with high reproducibility in 
distinguishing Graves’ disease from destructive thyroiditis.

The study by Malik et al43 also showed that 99mTC pertechnetate scanning exhibited a similar specificity and a 
positive predictive value (PPV) as ITA-PSV in differentiating between Graves’ disease and thyroiditis, although a greater 
sensitivity was encountered with scintigraphy (100% versus 91%, respectively). However, the latter study and a former 
study by Smith and Oates46 observed that some patients with resolving thyroiditis can display increased uptake on 
nuclear scanning that may be indicative of Graves’ disease and this can be potentially confusing. The latter study, thus, 
concluded that the mean ITA-PSV may be employed as an alternative whenever a contraindication to nuclear scanning is 
present, including recent iodine exposure, and additionally allows for prompt therapeutic decisions.

Previous studies have demonstrated a positive correlation between the mean PSV of the superior and inferior thyroid 
arteries and the mean TSH receptor antibodies (TRAb) titres. In the study by Zhao et al,11 ROC curve analysis revealed 
that the AUC for the mean STA-PSV (0.901; 95% CI=0.839–0.963) and the mean TRAb titres (0.902; 95% CI=0.839– 
0.964) was quite similar in differentiating between Graves’ disease and thyroiditis. Hiraiwa et al47 established a weak 
association between the peak systolic velocity of superior thyroid artery and TRAb levels and, hence, concluded that 
there are possibly additional unknown factors controlling the thyroid gland blood flow.

A study by Scappaticcio et al6 revealed that thyroid scintigraphy exhibited the best diagnostic accuracy in distin
guishing Graves’ disease from other causes of thyrotoxicosis and that TRAb and TSI bioassays showed similar 
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diagnostic efficacy with high sensitivity and specificity in detection of Graves’ disease. They also concluded that these 
assays could be used as an alternative, confining the use of scintigraphy to patients who are TRAb-negative. Moreover, 
the latter study6 demonstrated that thyroid ultrasound was less reliable when compared to scintigraphy and TRAb assays. 
A major limitation of this study, however, was that the thyroid vascularity was assessed by a qualitative method, thus 
underestimating the accuracy of Color Doppler ultrasound in discriminating between Graves’ disease and other causes of 
thyrotoxicosis.

Other studies have confirmed a high diagnostic accuracy of the TRAb levels in discriminating between the latter two 
conditions and showed a robust positive correlation between the mean TRAb levels and the mean ITA-PSV.42,48,49 In the 
current study, however, the TRAb levels were not measured owing to their high cost and financial constraints.

A recent study by Baek et al,50 employed three different Doppler techniques including Color Doppler, power Doppler, 
and microvascular ultrasonography (MVUS) to differentiate between Graves’ disease and thyroiditis and found them to 
have a comparable diagnostic accuracy with higher scores reported in patients with Graves’ than in destructive 
thyroiditis. In contrast to our study, they applied a semi-quantitative assessment of blood flow pattern using CD 
(vascularity score)51 rather than quantitative analysis of blood flow velocities, and this could explain why MVUS 
demonstrated a better diagnostic performance, as quantitative vascularity indices (VI) were automatically attained on 
MVUS images. The latter study also concluded that, although serum TSH-R-Ab assay correlated significantly with 
MVUS-VI, acquisition of assay results could take several days, hence limiting their use in clinical practice.

Conclusion
To the best of our knowledge this is the first study to compare and simultaneously assess the sensitivity and specificity of the 
mean PSV and EDV of both inferior and superior thyroid arteries and to identify cut-off values in discriminating between 
Graves’ disease and thyroiditis. No significant differences in the blood flow velocities were observed between the right and 
left thyroid arteries and, hence, Color flow Doppler ultrasound (CDU) parameters can be performed and assessed on either 
side. The peak diastolic and end diastolic velocities of the STA and ITA by CDU were significantly higher in patients with 
Graves’ diseases compared with thyroiditis, hence are effective, inexpensive parameters in differentiating between the two 
conditions and can be used as alternative tools whenever a contraindication to thyroid scintigraphy exists. ITA blood flow 
velocities showed a greater sensitivity and specificity when compared to the STA velocities in differentiating between 
Graves’ disease and thyroiditis, with a cut-off value of 62.12 cm/s for ITA-PSV and a cut-off value of 25.22 cm/s for ITA- 
EDV. However, further wide-scale studies with a greater number of patients, different ethnicity, and more advanced 
computer software and ultrasound equipment are required to validate the results of our study.
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