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13.1	 �Nodular Lesions

There are certain situations where color Doppler 
clearly assists in the evaluation of thyroid nod-
ules. The use of color Doppler may aid in distin-
guishing a predominantly cystic nodule from a 
vascular structure within or adjacent to the thy-
roid gland. In the setting of an isoechoic, solid 
nodule, the detection of peripheral vascularity 
can be helpful in confirming that a nodule is 
really present (Fig.  13.1). It can also help in 
defining the extent of the nodule and thus in 
accurately measuring the nodule. Color Doppler 
can also be useful in the assessment of complex 
cystic nodules that have internal regions of 
increased echogenicity. It is useful both for diag-
nosis and for targeting a biopsy to determine if 
the echogenic portion of a mixed cystic and solid 
nodule merely represents internal debris or hem-
orrhage or represents a true solid component. If 
the solid-appearing component has no detectable 
blood flow, it is often clotted blood, which can 
usually be confirmed by noting mobility while 
scanning the patient in an upright or decubitus 
position (Figs.  13.2 and 13.3). To improve the 

diagnostic yield, FNA of avascular components 
should be avoided in lieu of solid components 
with detectable vascularity.

The value of color Doppler in distinguishing 
benign and malignant nodules is much less cer-
tain. Many investigators have analyzed the degree 
and pattern of vascularity in thyroid nodules. 
Most have shown that intranodular vascularity is 
statistically more likely to be detected in malig-
nant nodules (Fig. 13.4) than in benign nodules 
(Fig. 13.5). Unfortunately, they have also shown 
that malignant nodules have a range of vascular 
patterns as well as a range of degrees of vascular-
ity (Fig. 13.6). In addition, benign nodules have 
been shown to have a broad range of vascular 
patterns and degrees, including hypervascular 
internal flow (Fig. 13.7). The amount of overlap 
in the vascularity of benign and malignant nod-
ules substantially limits the value of vascularity 
in the differentiation of these nodules.

Table 13.1 summarizes the results of a number 
of studies that had histologic proof and specifi-
cally determined the statistics of nodule vascular-
ity independent of gray-scale findings [1–12]. 
Most have divided flow patterns into peripheral 
and intranodular. The definition of flow that 
increases the risk of malignancy varies but 
included (1) any detectable peripheral or intrano-
dular flow, (2) any detectable intranodular flow, 
(3) isolated or predominant intranodular flow, and 
(4) marked intranodular flow. Using these differ-
ent criteria, the sensitivity, specificity, positive 

mailto:middletonb@wustl.edu


114

Fig. 13.1  Value of color Doppler with isoechoic nodules. 
(a) Longitudinal gray-scale view shows a solid isoechoic 
nodule that is very difficult to visualize and measure.  

(b) Longitudinal color Doppler view shows perinodular 
blood flow that defines the margin of the nodule

Fig. 13.2  Value of color Doppler with cystic nodules con-
taining eccentric solid components. (a) Longitudinal gray-
scale view shows a predominantly cystic nodule that has 
what appears to be a solid mural nodule (N). Because of this 
solid component, this patient had been scheduled for FNA. 
(b) Transverse color Doppler view shows lack of blood flow 

in the apparent solid mural nodule. This suggests the solid 
lesion may be a luminal blood clot and not a mural nodule. 
(c) Longitudinal view with the patient in the upright position 
shows that the avascular solid component has moved to the 
inferior portion of the cyst, confirming that it is mobile and 
not a mural nodule. In this case, FNA was canceled
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predictive value, and negative predictive values 
ranged from 15 to 75 %, 34 to 96 %, 6 to 61 %, 
and 28 to 97 %, respectively. In addition to the 
statistics mentioned above, one can use an odds 
ratio to compare the risk of malignancy of a posi-
tive result (for instance, intranodular flow) to  
the risk of malignancy of a negative result (for 

instance, no intranodular flow). A ratio of 5 would 
indicate that a nodule with intranodular flow was 
five times more likely to be malignant than a nod-
ule without intranodular flow. As Table  13.1 
shows, the odds ratios ranged from 0.2 to 9.4. In 
most cases the odds ratio was less than 2. In a 
study that included 31 malignant nodules, Papini 

Fig. 13.3  Value of color Doppler with cystic nodules 
containing eccentric solid components. (a) Longitudinal 
gray-scale view shows a nodule (cursors) with a cystic 
component in the nondependent portion and a solid com-
ponent (N) in the dependent portion. The differential diag-
nosis based on this image is a cyst with dependent debris 

or clot versus a cyst with a solid eccentric mural nodule. 
(b) Corresponding color Doppler view shows intense 
hypervascularity in the solid component, confirming it is a 
mural nodule. Cytology was interpreted as a follicular 
lesion of undetermined significance

Fig. 13.4  Papillary thyroid cancer with hypervascular 
intranodular blood flow. (a) Longitudinal gray-scale view 
shows an intermediate suspicion, entirely solid, slightly 
hypoechoic smoothly marginated nodule (cursors) with 

refractive shadowing and no calcifications. (b) Corres
ponding color Doppler view shows marked intranodular 
blood flow
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Fig. 13.5  Benign nodular hyperplasia with predomi-
nantly peripheral flow. (a) Longitudinal gray-scale view 
shows a low suspicion, almost entirely solid, isoechoic, 

smoothly marginated nodule (cursors) with no calcifica-
tions. (b) Corresponding color Doppler view shows abun-
dant peripheral flow and almost no central flow

Fig. 13.6  Spectrum of vascularity in malignant thyroid 
nodules. (a) Papillary thyroid cancer (cursors) with no 
detectable blood flow. (b) Papillary thyroid cancer (cur-

sors) with minimal internal blood flow. (c) Medullary thy-
roid cancer (cursors) with hypervascular internal blood 
flow

Fig. 13.7  Benign nodular hyperplasia with hypervascular 
internal blood flow. (a) Transverse gray-scale view shows 
an intermediate suspicion, lobulated, predominantly solid, 

slightly hypoechoic smoothly marginated nodule (cursors) 
with no calcifications. (b) Corresponding color Doppler 
view shows hypervascular internal blood flow
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et al. had the highest odds ratio of 9.4 using any 
intranodular flow as the criterion [2]. In this study, 
intranodular flow had a 24.5 % risk of malignancy 
and no intranodular flow had a 2.6 % risk of 
malignancy.

In a recent study of 1342 benign and 160 
malignant nodules (malignant rate of 10.6 %), 
suspicious flow was defined in two different 
ways [12]. Intranodular flow of any degree 
regardless of the presence or degree of peripheral 
flow had an odds ratio of 1.28 and a positive pre-
dictive value of 11.5 %. Intranodular flow with-
out peripheral flow or exceeding peripheral flow 
had an odds ratio of 3.3 and a positive predictive 
value of 31.6 %. The authors concluded that 
Doppler evaluation of blood flow was not 
helpful.

In another large study of 5851 benign and 284 
malignant nodules (malignant rate of 4.6 %), 
intranodular flow of any degree was considered 
suspicious for malignancy [4]. Using this crite-
rion, the odds ratio was 1.4 and the positive pre-
dictive value was 5.6 %. Doppler findings were 
not included in the final recommendations of this 
study.

In a study of 814 benign and 269 malignant 
nodules (malignant rate of 24.8 %), suspicious 
flow was defined in two different ways [7]. In 
both cases there was actually a negative correla-
tion with malignancy.

A meta-analysis of studies including 7578 
nodules used increased intranodular flow as the 
criterion for malignancy and found a sensitivity 
of 48 % and a specificity of 53 % [11]. The authors 
did not conclude that analysis of vascularity was 
helpful.

In a slightly different analysis, Phuttharak 
compared the results of gray-scale findings alone 
versus the combination of gray-scale and Doppler 
findings [13]. Central hypervascularity that excee
ded flow in the remainder of the nodule was 
considered suspicious for malignancy. The sensi-
tivity, specificity, positive predictive value, and 
negative predictive value were 80 % (4/5), 84.6 % 
(22/26), 50 % (4/8), and 95.7 % (22/23), respec-
tively, for gray-scale findings alone and 40 % 
(2/5), 96.2 % (25/26), 66.7 % (2/3), and 89.3 % 
(25/28) for combined gray-scale and Doppler 

findings. The authors concluded that Doppler 
findings were useful since they improved the 
specificity and the positive predictive values, 
albeit with a loss of sensitivity. A significant limi-
tation of this study was the low number of 
nodules that were analyzed (only 31 total nodules 
and only five malignant nodules).

There is some data that suggests Doppler flow 
patterns may add clinically useful information 
for nodules that have been aspirated and have 
cytology indicative of follicular lesions of unde-
termined significance or atypia of undetermined 
significance [14–17]. Approximately 15–20 % of 
these indeterminate lesions ultimately are shown 
to be malignant. Currently there are no gray-scale 
sonographic features that assist in separating the 
benign and malignant nodules in this category. 
However, intranodular vascularity has been 
shown in several studies to be more closely asso-
ciated with malignancy (Fig.  13.8). Sensitivity, 
specificity, positive predictive value, and nega-
tive predictive value range from 80 to 86 %, 39 to 
90 %, 23 to 51 %, and 90 to 97 %, respectively. 
The odds ratio for a positive result ranges from 
2.8 to 17.7. Table  13.2 shows the results of 
several studies that had histologic proof and spe-
cifically determined the statistics of nodule 
vascularity independent of gray-scale findings. 
DeNicola also evaluated measurement of RI val-
ues from the nodules and using a cutoff value of 
less than 0.75 as a sign of malignancy obtained a 
sensitivity of 40 %, specificity of 97 %, positive 
predictive value of 67 %, negative predictive 
value of 92 %, and an odds ratio for a positive 
result of 8.4 [15]. These results suggest a compli-
mentary role for color Doppler in the manage-
ment of follicular lesions. However, it is 
important to realize that in individual patients the 
presence of central flow (Fig.  13.9) does not 
ensure that a lesion is malignant and predomi-
nantly peripheral flow does not exclude a 
malignancy.

In summary, Doppler evaluation of nodule 
blood flow is much less helpful than gray-scale 
evaluation. While detection of intranodular vas-
cularity may increase the risk of malignancy 
minimally, many benign nodules are hypervascu-
lar (Figs.  13.7 and 13.9), and the absence of 

W.D. Middleton
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Fig. 13.8  Follicular 
cancer with predominant 
central internal blood flow. 
(a) Transverse gray-scale 
view shows a large, 
entirely solid, hypoechoic, 
intermediate suspicion 
nodule (cursors) with 
smooth margins and no 
calcifications. (b) 
Longitudinal color Doppler 
view shows readily 
detectable blood flow 
throughout the center of 
the nodule

Table 13.2  Relationship of the pattern of nodular blood flow and risk of malignancy for nodules with cytologic results 
of follicular neoplasm, follicular lesions of undetermined significance, or atypia of undetermined significance

Study Criteria used
# of 
nodules % malignancy

Sens 
(%)

Spec 
(%)

PPV 
(%)

NPV 
(%)

Odds 
ratio

Iared 2010 [17]a Predominant 
intranodular

457 14.7 (67/457) 85.1 86.2 51.4 97.1 17.7

Choi 2009 [16] Intranodular flow 114 21.9 (25/114) 84 39 28 90 2.8

DeNicola 2005 [15] Predominant 
intranodular

86 11.6 (10/86) 80 90 50 97 17.2

Fukanari 2004 [14] Intranodular flow 310 14.2 (44/310) 86 52 23 96 5.4

Sens = sensitivity, Spec = specificity, PPV = positive predictive value, NPV = negative predictive value
aMeta-analysis

13  Feature Illustration: Vascularity
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detectable internal flow in no way excludes 
malignancy (Fig.  13.6). In 2009 the American 
Thyroid Association guidelines for patients with 
thyroid nodules included increased intranodular 
flow as a malignant feature that warranted FNA 
at a smaller nodule size (along with several well-
known gray-scale findings) [18]. The guidelines 
published in 2015 eliminated this Doppler find-
ing in their recommendations for FNA of a thy-
roid [19].

13.2	 �Hyperthyroidism

Distinction of Graves’ disease, the most common 
cause of hyperthyroidism, and thyrotoxicosis 
caused by destructive thyroiditis (subacute thyroid-
itis, silent thyroiditis, pregnancy-related thyroiditis) 
is generally made based on a combination of clini-
cal and laboratory findings. Radioactive iodine 
uptake and scanning have traditionally been used 
when imaging is necessary and are generally con-
sidered the gold standard. However, radioactive 
iodine is a relatively expensive and time-consuming 
examination that cannot be used in pregnancy or in 
breast-feeding women. Given its widespread avail-

ability, ultrasound and Doppler have now assumed 
an important complimentary role.

Ralls originally recognized the color Doppler 
hypervascularity of Graves’ disease and coined 
the term “thyroid inferno” (Fig. 13.10) in 1988 
[20]. Since then there have been a number of 
studies showing that there are statistically signifi-
cant differences in the subjective categorization 
of Doppler vascularity between Graves’ disease 
and destructive thyroiditis [21, 22] and from 
other forms of thyroid disease [23] and from 
euthyroid controls [23]. In a study of 65 patients, 
Kumar found mild to moderate patchy or diffuse 
increased flow in 32/34 patients with Graves’ dis-
ease (sensitivity 94 %) and only 1/31 patients 
with destructive thyroiditis (specificity 97 %) [21]. 
Uchida et al. had much less encouraging results 
[22]. In a study of 215 patients, they found mild 
or marked increased flow in a patchy or diffuse 
distribution in 112/194 patients with Graves’ dis-
ease (sensitivity 58 %) and in 1/21 patients with 
painless thyroiditis (specificity 95 %).

Given the inconsistent results with subjective 
analysis of parenchymal blood flow, some inves-
tigators have described quantitative techniques 
for measuring blood flow. These generally use 

Fig. 13.9  Follicular adenoma with central and peripheral 
blood flow. (a) Longitudinal gray-scale view shows a 
large, entirely solid, hypoechoic, intermediate suspicion 
nodule (cursors) with smooth margins and no calcifica-

tions. (b) Longitudinal color Doppler view shows readily 
detectable blood flow throughout the center and periphery 
of the nodule

W.D. Middleton
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software that analyze color or power Doppler 
images of the thyroid and calculate a percentage 
of blood flow by comparing the number of pixels 
with color Doppler signals to the total number of 
pixels within a selected region of interest. In a 

study of 114 patients, Ota used proprietary soft-
ware built in to their ultrasound unit and found 
mean thyroid total blood flow values of 14.9 % 
(±6.4 %), 0.8 % (±0.5 %), 0.9 % (±0.7), and 0.8 % 
(±0.5 %) for Graves’ disease, painless thyroiditis, 

Fig. 13.10  Graves’ 
disease with classic 
“thyroid inferno” 
hypervascularity. (a) 
Transverse gray-scale view 
shows an enlarged thyroid 
that is slightly hypoechoic 
and slightly heterogeneous. 
There are no nodules. (b) 
Corresponding color 
Doppler view shows 
intense, homogeneous, 
diffuse hypervascularity. 
(c) Corresponding power 
Doppler view shows 
findings similar to the 
color Doppler image

13  Feature Illustration: Vascularity
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subacute thyroiditis, and normal controls, respec-
tively [24]. Using a cutoff of 4 % resulted in a 
sensitivity and specificity of 100 %. Using power 
Doppler and a different quantification method, 
Banaka also calculated the percent blood flow  
in the thyroid [25]. In the right lobe, they found 
values of 24.2 % (±16.3 %), 10.3 % (±7.1 %), 
14.7 % (±13.8 %), and 3.7 % (±3.5 %), for Graves’ 
disease, euthyroid Hashimoto’s disease, hypo-
thyroid Hashimoto’s disease, and normal 
controls, respectively. Very similar values were 
obtained in the left thyroid lobe. Using a cutoff 
value of 7.4 % for the right lobe and 5.6 % for the 
left lobe, they obtained a sensitivity of 82–89 % 
and specificity of 85–88 % for distinguishing 
autoimmune disease (Graves’ and Hashimoto’s) 
from normal controls. Although these techniques 
can theoretically improve on subjective assess-
ment of vascularity, they are cumbersome, very 
dependent on adjustment of technical parameters, 
and not uniformly available.

Analysis of arterial waveforms has also 
received a great deal of attention. Measurement of 
velocity, flow volume, resistive index, and other 
parameters have been studied. Most studies have 
focused on the superior or inferior thyroidal artery. 
The results from several studies are summarized in 
Table  13.3 [21, 26–28]. The mean peak systolic 
velocity in either the ITA or STA ranged from 58 to 
78  cm/s, 21 to 33  cm/s, and 17 to 33  cm/s, for 

Graves’ disease, destructive thyroiditis, and euthy-
roid controls, respectively. Using cutoff values 
from 30 to 45 cm/s to distinguish Graves’ disease 
from destructive thyroiditis, sensitivity has ranged 
from 76 to 95 %, and specificity has ranged from 
81 to 100 % (Fig. 13.11).

Uchida et  al. [22] compared PSV measure-
ments to a subjective grading system of paren-
chymal blood flow in 194 patients with Graves’ 
disease and 21 with painless thyroiditis. They 
found 27 patients with Graves’ disease who had 
no parenchymal flow or flow seen as minimal 
color spots and 55 patients with patchy uneven 
distribution of flow. Seventy Graves’ patients had 
a mild increased flow in a patchy distribution, 
and 42 had a marked increase in flow in a diffuse 
distribution. They concluded that subjective 
analysis of parenchymal flow was useful in mak-
ing the diagnosis of Graves’ disease when it was 
clearly increased, but that Graves’ disease could 
not be excluded when parenchymal flow was 
decreased. Interestingly, in the group of Graves’ 
patients with decreased parenchymal flow, mea-
surement of STA-PSV remained higher than in 
the patients with painless thyroiditis (41 ± 32 cm/s 
vs. 27 ± 14 cm/s). Using a cutoff of 30 cm/s, they 
achieved a sensitivity of 74 % and a specificity of 
77 %. A velocity cutoff of 45  cm/s produced a 
low sensitivity but a positive predictive value and 
specificity of 100 %.

Table 13.3  Comparison of peak systolic velocity in patients with Graves’ disease and destructive thyroiditis

Article #
Artery 
studied

Velocity mean

Cutoff Statistics (%)
Graves’  
disease

Destructive 
thyroiditis

Euthyroid 
controls

Zuhur 2014 
[27]a

20 Mean ITA 59 ± 25 
(13–146)

21 ± 5 (11–34) 17 ± 4 (7–29) 40 cm/s Sens 76

Spec 100

30 cm/s Sens 95

Spec 95

Chen 2012 
[28]

220 Mean STA 75 cm/s ± 2.8 33 cm/s ± 2.3 33 cm/s ± 3.5 45.25 cm/s Sens 80.4

Spec 81.4

Kumar 2009 
[21]

65 Mean ITA 58 ± 13 22 ± 5 40 cm/s Sens 94

Spec 100

Uchida 2010 
[26]

57 Mean STA 78 ± 36 28 ± 13 21 ± 8 45 cm/s Sens 84

Spec 92

ITA = inferior thyroidal, STA = superior thyroidal artery, Sens = sensitivity, Spec = specificity
aPregnant patients with Graves’ disease, destructive thyroiditis, and gestational thyrotoxicosis
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Fig. 13.11  Graves’ 
disease with elevated 
inferior thyroidal artery 
peak systolic velocity. (a) 
Longitudinal gray-scale 
view shows an enlarged 
thyroid that is 
heterogeneous and 
hypoechoic. There are no 
nodules. (b) Corresponding 
color Doppler view shows 
intense, homogeneous, 
diffuse hypervascularity. 
(c) Pulsed Doppler 
waveform from the inferior 
thyroidal artery shows an 
elevated peak systolic 
velocity of 91.8 cm/s

13  Feature Illustration: Vascularity
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Doppler analysis has also been shown to be 
helpful in distinguishing the two different types 
of amiodarone-induced thyrotoxicosis (AIT) [29, 
30]. Type 1 AIT usually occurs in thyroid glands 
that have preexisting abnormalities such as dif-
fuse or nodular goiters or Graves’ disease prior  
to amiodarone therapy. It is usually treated with 
thionamides and potassium perchlorate therapy. 
These glands generally have an abnormal gray-
scale appearance and increased parenchymal 
blood flow. Type 2 AIT is a destructive thyroiditis 
caused by cytotoxic effects of amiodarone on a 
normal gland. It is usually treated with glucocor-
ticoids. These glands typically have a relatively 
normal gray-scale appearance and no vascularity 
[29]. Bogazzi subjectively graded parenchymal 
blood flow into four different patterns ranging 
from no flow or minimal color spots (grade 0) to 
markedly increased flow (grade 3). Pattern 0 was 
seen in all 16 untreated patients with type 2 AIT, 
all nine euthyroid patients on long-term amioda-
rone treatment, all nine patients with subacute 
thyroiditis, and all 26 normal controls. Of the 11 
patients with type 1 AIT, seven had pattern 1, one 
had pattern 2, and three had pattern 3 [31]. In a 
follow-up study, Bogazzi et al. studied 55 patients 
with AIT. Of the 16 patients with type 1 disease, 13 
had patchy parenchymal flow in an uneven distri-
bution, two had mild hypervascularity in a patchy 
distribution, and one had marked hypervascularity 
in a diffuse homogeneous distribution. All 39 
patients with type 2 disease had pattern 0 [32].

It is almost always easy to differentiate 
Graves’ disease from Hashimoto’s thyroiditis 
based on clinical and laboratory analysis. But 
patients may have ultrasound scans performed 
prior to the diagnosis. Since there is overlap in 
the gray-scale and color Doppler appearance of 
these conditions, Doppler waveform analysis  
has been used to help make the distinction. 

Erdogan et al. measured peak systolic velocity in 
perithyroidal arteries (not otherwise specified) 
and found statistically significant differences 
between Graves’ disease (mean velocity in 29 
patients = 48 cm/s ± 12) and Hashimoto’s thyroid-
itis (mean velocity in 24 patients = 22  cm/s ± 8) 
[23]. Banaka et  al. measured the peak systolic 
velocity in the inferior thyroid artery in patients 
with Graves’ disease (n = 29), hypothyroid 
Hashimoto’s thyroiditis (n = 54), euthyroid 
Hashimoto’s thyroiditis (n = 70), and normal con-
trols (n = 48) [25]. The mean velocities are shown 
in Table 13.4. There were significant differences 
between Hashimoto’s thyroiditis and Graves’ dis-
ease and between the entire group of patients  
and the normal controls. Using a cutoff value of 
61  cm/s to distinguish Hashimoto’s thyroiditis 
from Graves’ disease, the sensitivity was 83 % 
and the specificity was 87 %. They found that 
peak systolic velocities were superior to quantita-
tive measurement of vascularity index and supe-
rior to subjective analysis of parenchymal 
echogenicity (Fig. 13.12). Resistive indices were 
also calculated on the Doppler waveforms but 
were not useful.

Table 13.4  Peak systolic velocity measurements (mean 
and standard deviation) from the inferior thyroidal artery 
of the right and left lobes in patients with Graves’ disease, 
Hashimoto’s thyroiditis, and normal controls [25]

Condition Right lobe (cm/s)
Left lobe 
(cm/s)

Euthyroid 
Hashimoto’s 
thyroiditis

40 (±15) 43 (±14)

Hypothyroid 
Hashimoto’s 
thyroiditis

52 (±36) 45 (±22)

Graves’ disease 83 (±43) 88 (±46)

Normal controls 19 (±9) 20 (±9)
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Fig. 13.12  Hashimoto’s 
thyroiditis. (a) Transverse 
gray-scale view shows an 
enlarged thyroid that is 
slightly hypoechoic and 
slightly heterogeneous. 
There are no nodules. The 
gray-scale features are 
consistent with either 
Hashimoto’s thyroiditis or 
Graves’ disease. (b) 
Longitudinal color Doppler 
view shows intense, 
homogeneous, diffuse 
hypervascularity. The color 
Doppler features are 
consistent with either 
Hashimoto’s thyroiditis or 
Graves’ disease. (c) Pulsed 
Doppler waveform from 
the inferior thyroidal artery 
shows a peak systolic 
velocity of 30.4 cm/s. This 
is higher than normal but 
less than expected for 
Graves’ disease. In this 
case the arterial velocity 
suggests Hashimoto’s 
thyroiditis rather than 
Graves’ disease

13  Feature Illustration: Vascularity
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