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Introduction

Chronic lymphocytic thyroiditis, or Hashimoto’s thyroiditis 
(HT), is an autoimmune disease related to and mediated by 
anti-thyroid autoantibodies (1-4). It is a common disease 
that may affect up to 2% of all women in the population that 
commonly occurs between the ages of 30 and 50 years (1).  
The diagnosis of HT is based on clinical findings and the 
results of biochemical and serological tests. HT is one of 

the most common causes of hypothyroidism, which may 
be subclinical in up to 90% of patients. However, mild 
thyrotoxicosis symptoms may be observed, especially 
during the early phase of the disease. Mild hypothyroidism 
symptoms may be present in 20% of patients when first seen 
or commonly develop over several years (3). Serological 
markers are necessary for the diagnosis of HT and for the 
differential diagnosis of other autoimmune conditions. In 
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addition to the clinical and laboratory findings, ultrasound 
(US) is a commonly used method for the diagnosis of HT. 
The sonographic appearance of HT involves a wide range 
of findings. Commonly, the thyroid gland is often diffusely 
enlarged, the parenchymal echogenicity is coarsened, more 
hypoechoic than normal, and often hypervascular on color 
Doppler sonography (5). A micronodular pattern has been 
shown to be highly supportive of a diagnosis of HT (6).

The present study was performed to investigate the 
sonographic findings that may lead to a diagnosis of HT in 
anti-thyroid marker-positive patients with normal hormone 
levels (i.e., euthyroid subjects with HT).

Materials and methods

Subjects 

After receiving the approval of the local Ethics Committee of 
our institution and informed consent for the examinations, 
40 premenopausal euthyroid patients with a median age 
of 32 years (range, 20-44 years) with normal levels of free 
triiodothyronine (FT3) and free thyroxine (FT4) and elevated 
anti-thyroid peroxidase (TPO) antibodies were enrolled 
in the study. Exclusion criteria were any chronic disease or 
acute inflammatory conditions, any medications that may 
alter thyroid hormones, history of thyroid dysfunction, 
thyroidectomy, radioiodine therapy, and pregnancy.

A control group of 46 healthy individuals with a median 
age of 29 years (range, 18-43 years) comprised randomly 
selected volunteers from among the hospital staff who were 
unaffected by any disease or acute inflammatory condition 
at the time of the investigation. None had been prescribed 
or were using any medications. They were all non-pregnant 
and were euthyroid in terms of FT3 and FT4 levels with 
thyroid-stimulating hormone (TSH) levels between  
0.5-5 µIU/mL. The same investigation procedures were 
applied for both the control and study groups. 

Sonographic analysis

Thyroid sonographic examinations were performed by the 
same radiologist with 20 years’ experience in US, who was 
blinded to the clinical and laboratory status of the subjects 
during the study. A high-resolution fully equipped US and 
Doppler US device (Philips HDI 5000; Philips Healthcare, 
Bothell, WA, USA) and a 7-12 MHz broadband linear array 
transducer was used for the examinations. 

The examinations included basic morphometric, 

morphological grayscale imaging, as well as power Doppler 
evaluation of the thyroid gland. Morphometric investigation 
involved measurement of the thyroid gland dimensions 
in three axes. The volume of the thyroid lobe was 
calculated as (anteroposterior × mediolateral × craniocaudal  
diameters) ×0.479 (7). The total thyroid volume was 
determined as the sum of the thyroid lobes. Grayscale 
morphological investigation of the thyroid included 
evaluation of echogenicity, nodularity, septations, undulation 
of the margins, and reactive lymph nodes. The vascularity of 
the gland was investigated by power Doppler imaging.

On grayscale, the presence of nodularity of the thyroid 
was noted and categorized as macronodular, micronodular, 
or mixed type. The location of nodularity, if present, was 
also considered and classified as subcapsular, inner, or 
both. Undulation of the thyroid gland margins and the 
presence of septation(s) inside the gland were investigated. 
We also examined the presence of cervical lymph nodes at 
infrathyroidal and pretracheal regions. 

The vascularity of the thyroid gland was determined by 
power Doppler imaging using the same standard thyroid setup 
parameters of the device in each patient. A scale consisting 
of increased, normal, and decreased vascularity was used for 
scoring of the gland vascularity on power Doppler imaging.

Statistical analysis

Variable distributions were assessed by the Kolmogorov-
Smirnov test. The Mann-Whitney U test was used for 
comparison of groups. The chi-square test was used 
for comparison of dichotomous variables. SPSS 15.0 
for Windows was used for statistical analyses. Data are 
expressed as means ± standard error of mean. In all analyses, 
P<0.05 was taken to indicate statistical significance.

Results

The morphometric parameters of the thyroid gland studied 
here, including the dimensions and the volume of individual 
lobes as well as the total volume, were not significantly 
different between the study and control groups (Table 1). 

Parenchymal nodularity was detected in 31 of 40 patients 
(77.5%) and in 4 of 46 (8.6%) subjects in the control group. 
In the HT group, 14 of the 31 patients with parenchymal 
nodularity showed micronodularity only, while 17 showed 
macronodularity or mixed nodularity. Micronodularity 
and macro- or mixed nodularity were observed in two 
and two of the four controls with parenchymal nodularity, 
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Table 1 The morphometric parameters of the thyroid gland between the study and control groups

Hashimoto thyroiditis (n=40) Control group (n=46) P value

Anteroposterior length

Right 14.40±1.76 13.47±1.97 0.06

Left 13.70±1.55 13.06±1.80 0.06

Transverse length

Right 16.10±2.32 16.02±2.97 0.70

Left 15.57±2.31 15.32±2.50 0.51

Longitudinal length

Right 43.67±5.49 42.47±4.92 0.36

Left 41.72±5.56 40.21±3.84 0.29

Isthmus thickness 2.85±1.12 2.47±0.98 0.06

Volume

Right 5.00±1.78 4.60±1.95 0.33

Left 4.38±1.51 3.97±1.40 0.10

Total 9.93±3.24 8.57±3.08 0.21

respectively. The differences between the groups in the 
presence of nodularity and also the distribution of cases 
between the subgroups were statistically significant. The 
undulation of the gland margins was a feature of the disease 
in half (20 of 40, 50%) of the patients in the HT group. 
The same finding was detected in one subject in the control 
group (1 of 46, 2.2%). Septations inside the gland were 
present in 7 of 40 (17.5%) patients in the HT group and 1 
of 46 subjects in the control group (2.2%). Infrathyroidal 
and/or pretracheal reactive lymph nodes were encountered 
in 25 of 40 patients (62.5%), compared to only one subject 
in the control group (2.1%). On power Doppler imaging, 
increased vascularity was found in 35 of 40 (87.5%) patients 
and in 6 of 46 (13%) control subjects. The grayscale 
and power Doppler images of some patients and control 
subjects, including false positive and false negative examples, 
are shown in Figures 1-5.

The use of all parameters together yielded a sensitivity of 
90%, specificity of 84.8%, positive predictive value (PPV) 
of 83.7%, negative predictive value (NPV) of 90.7%, and 
accuracy of 87.2% for diagnosis of HT. The distributions 
of parameters studied among the patient and control 
groups are presented in Table 2 and basic statistical results 
are shown in Table 3. The receiver operating characteristic 
(ROC) curves of the parameters are shown in Figure 6. 

Discussion

HT is an autoimmune thyroid disease that is characterized 

by thyroid gland infiltration by T and B cells. The activated 
B cells secrete anti-thyroid autoantibodies. The cytotoxic T 
cells are largely responsible for destruction of the thyroid 
parenchyma, leading to initial thyrotoxicosis followed by 
hypothyroidism. HT may clinically present as painless 
diffuse goiter often accompanied by hypothyroidism and 
autoantibodies (4). However, the disease is not invariably 
goitrogenic in all patients and may affect the thyroid gland 
without changing the morphometric parameters, such as 
the dimensions or volume, as observed in the present study.

Previous studies have indicated that autoantibodies may 
remain absent in 13% or may be low in 17% of patients 
with HT, and may also be present in 2-20% of the normal 
population without thyroid disease (8). In this gray zone 
of disease and normality, US and Doppler US may be used 
as additional tools for the diagnosis of HT. Acar et al. (2) 
reported that an antibody-positive healthy subpopulation 
without any symptoms or laboratory disorders demonstrated 
grayscale and hemodynamic US features similar to those of 
HT patients with hypothyroid status. 

Anderson et al. (8) reported that the sensitivity and 
specificity are improved by combining US with clinical 
and serological parameters. Previous studies demonstrated 
that in HT, the thyroid is hypoechoic with a heterogeneous 
echotexture, echogenic septations, and micronodulation on 
sonography. Hypoechoic areas result from focal lymphocytic 
infiltration and the echogenic septations occur secondary to 
fibrosis inside the parenchyma (5,6). Nodule development 
inside the thyroid gland is the most commonly reported 
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feature of HT (3). Some investigations have described the 
sonographic appearance of focal nodules that proved to be 
thyroiditis in patients with known lymphocytic thyroiditis. 
These have been called pseudotumors, which are detected 
on US typically with hypoechoic lesions with ill-defined 
margins (9). Yarman et al. (10) compared the results of US 
and scintigraphy of patients and reported that the number 
of nodules detected on scintigraphy was greater than that 

on US examination. They considered that the difference 
in nodularity between thyroid scanning (74.9%) and 
sonography (60.4%) was due to pseudonodularity in HT. 
On the other hand, Erdogan et al. (3) reported that nodule 

Figure 1 Grayscale sonographic images in transverse (A) and 
longitudinal (B) planes, and power Doppler image (C) of typical 
Hashimoto’s thyroiditis (HT), HT involvement. Scattered multiple 
hypoechogenic micronodules were seen and the vascularity of the 
parenchyma was increased.

Figure 2 Longitudinal grayscale sonography (A) and power 
Doppler (B) images of an HT patient with less distinct features 
of involvement with subcapsular micronodules (arrows) and a 
confluent area of infiltration at the superior anterior portion of the 
lobe (dashed arrow).

A

B

C

A

B

Figure 3 The common location and appearance of reactive lymph 
nodes in HT patients at the central infrathyroidal area.
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Figure 4 False-negative example of power Doppler imaging. The 
gland showed minimal heterogeneity on a grayscale image (A) and 
low vascularity on a power Doppler image (B).

Figure 5 False-positive example of power Doppler imaging. A 
control subject with a normal grayscale image (A), and increased 
vascularity on a power Doppler image (B).

A

B

Table 2 The distribution of ultrasound studied parameters 
among the patient and control groups

Hashimoto 

thyroiditis (n=40)

Control group 

(n=46)
Parenchymal nodularity

+ 31 2

– 9 44

Ondulation of margins

+ 20 1

– 20 45

Septations

+ 7 1

– 33 45

Lymph node 

+ 25 1

– 15 45

Increased vascularity

+ 35 6

– 5 40

Overall decision

+ 36 7

– 4 39

formation (solitary or multiple) was the most common 
finding on US in their patients, but physical examinations of 
these patients revealed much lower rates of thyroid nodules. 
This discrepancy was probably due to pseudonodule 
formation in HT. Generally, these nodules range in size 
from 1 to 7 mm and have been reported as micronodules (6). 
Yeh et al. (6) and Anderson et al. (8) considered the presence 
of micronodules as highly diagnostic of HT. The PPV for 
micronodules in diagnosis of HT has been reported to be 
up to 94.7%. In the present study, nodularity was also a 
prominent feature among the grayscale findings with 95.7% 
specificity, 93.9% PPV, and 87.2% accuracy. 

At the ini t ia l  phase  of  this  d isease ,  US shows 
hypoechogenic areas with irregular poorly defined 
margins, especially in the subcapsular zones, followed by 
pseudonodule formation in the central region of the thyroid 
gland (11). Subcapsular nodules contribute to undulation 
of the thyroid gland margins, which was observed in half of 
the patients but in only one subject in the control group. 
Hence, the specificity and PPV of margin undulation 
were 97.8% and 95.2%, respectively. Septum formation 
was not frequently encountered in our study group. 



237Quantitative Imaging in Medicine and Surgery, Vol 4, No 4 August 2014

© AME Publishing Company. All rights reserved. Quant Imaging Med Surg 2014;4(4):232-238www.amepc.org/qims

Sometimes, the echotexture changes in HT may be subtle 
or may be difficult to assess that may mislead the observer 
to the decision of normal echogenicity. Image texture 
analysis of the thyroid has been proposed to be helpful for 
discriminating the normal and the inflamed parenchyma 
(12-14).

Lymph node involvement at infrathyroidal and pretracheal 
areas has been associated with pathological conditions of the 
thyroid, as these areas are the preferential sites of thyroid 
lymphatic drainage (11). Yamashiro et al. (11) reported 
cervical chain lymph nodes at level VI in 28 of 38 patients 
(73.6%), all of whom presented reactive features (ovoid, 
with hyperechogenic central hilum). Brancato et al. (15) 
suggested that an increased number of benign hyperplastic 
neck nodes, especially at levels II (upper internal jugular 
nodes), III (middle jugular nodes), and IV (paratracheal), is 
a characteristic sonographic finding associated with chronic 
autoimmune thyroiditis. In the present study, we detected 

cervical lymph nodes on neck US examination in 62.5% 
(n=25) of HT patients. However, the presence of lymph 
nodes in infrathyroidal and pretracheal locations indicated 
HT with specificity of 97.8% and PPV of 96.2%.

On Doppler US, the thyroid parenchyma may vary 
from slightly to markedly hypervascular in HT. This 
increased vascularity seems to be associated with the 
development of hypothyroidism, which may be due 
to the trophic stimulation of TSH (8,16,17). Doppler 
examination in the early phases may show a pattern of 
diffuse hypervascularization similar to Graves’ disease. 
In the later stages of the disease, Doppler examination 
shows a reduction in size of the thyroid gland with diffuse 
heterogeneity due the intense fibrosis and avascularity (11).  
We observed increased thyroid gland vascularity in 85% 
(n=34) of our patients. Despite the typical finding of 
hypervascularity with diffuse HT, in many studies the 
vascularity of nodular HT was variable (2). This condition 
may be associated with different stages of thyroiditis.

Kim et al. (18) suggested that for identification of diffuse 
thyroid disease, a combination of three sonographic features 
(abnormal sonographic features include echogenicity, 
echotexture, vascularity, AP diameter, and glandular margin 
on real-time sonography) has high sensitivity and specificity 
compared with the use of only two sonographic features 
of diffuse thyroid disease. According to their study, the 
present sonographic classification system showed high 
efficacy and accuracy for the identification of asymptomatic 
diffuse thyroid disease. In the present study, use of all of 
the parameters together yielded high sensitivity and high 
accuracy for the diagnosis of HT. 

Conclusions

US and power Doppler US are helpful diagnostic tools 
in the diagnosis of HT in anti-thyroid marker-positive 
patients with normal thyroid hormone levels. In addition 

Table 3 The basic statistical results of studied parameters 

Sensitivity 

(%)

Specificity  

(%)

PPV  

(%)

NPV  

(%)

Accuracy 

(%)

Confidence 

interval

Area under the 

curve

Parenchymal nodularity 77.5 95.7 93.9 83.0 87.2 0.75-0.93 0.844

Ondulation of margins 50.0 97.8 95.2 69.2 75.6 0.62-0.84 0.739

Septations 17.5 97.8 87.5 57.7 60.0 0.45-0.69 0.577

Lymph node 62.5 97.8 96.2 75.0 81.4 0.70-0.90 0.802

Increased vascularity on power Doppler 87.5 87.0 85.4 88.9 87.2 0.79-0.95 0.872

Overall decision 90.0 84.8 83.7 90.7 87.2 0.79-0.95 0.874

Figure 6 Receiver operating characteristic (ROC) curves of the 
parameters used in the present study.
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to grayscale parameters, the use of power Doppler US and 
investigation of the presence of paratracheal lymph nodes 
increased the sensitivity and accuracy of US.

Disclosure: The authors declare no conflicts of interest.
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