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Abstract

Original Investigation ElRyAE

B-Mode Gray Scale Histogram Value in Diagnosis of

Adolescent Patients with Hashimoto Thyroiditis
Biilent Ceki¢', ilhan Nahit Mutlu?, Ayse Eda Parlak’, Yasemin Koksel', iclal Erdem Toslak’, Mesut Parlak®

Introduction: The most common type of autoimmune thyroiditis is Hashimoto thyroiditis (HT), which is the leading cause of
hypothyroidism. Although ultrasound examination aids in the diagnosis of the disease, it does not have a specific quantita-
tive value. The aim of this study was to evaluate the parenchymal echogenicity alterations of the thyroid gland in adolescent
patients with HT using B-mode gray scale histogram and to reveal the predictive value of this technique in the diagnosis of
HT.

Methods: A total of 76 patients with HT and 46 healthy controls were prospectively examined by the gray scale histogram analysis method. The
analysis included the thyroid echogenicity/strap muscle echogenicity ratio (TESER) and thyroid stimulating hormone (TSH), anti-thyroid peroxi-
dase (anti-TPO), anti-thyroglobulin (anti-TG).

Results: The mean TESER that was significantly lower in the HT group compared to the control group (1.36%0.46 vs 2.24%0.59;
p<0.01).There was a negative correlation between anti-TPO level and TESER in the correlation analysis (r=-0.426, p<0.01). The
optimal cut-off value of TESER for the prediction of HT was <1.59 (72% sensitivity, 93% specificity, +likelihood ratio: 11, —LR:
0.30).

Conclusion: Ultrasonographic gray scale histogram values can be used as an auxiliary ultrasound parameter in the diagnosis and follow-up of
HT in adolescent patients.
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Introduction

Hashimoto thyroiditis (HT) is the most common type of the autoimmune and inflammatory dis-
ease of the thyroid gland. Euthyroid pediatric patients comprise 55%-65% of the HT population,
which is the leading cause of the subsequent hypothyroidism (1-3).

In patients with HT, lymphocytic infiltration occurs in the thyroid gland parenchyma leading
to gradual decrease in thyroid gland echogenicity on ultrasonography (US) examinations by the
time. The association between the inflammatory changes of the thyroid gland parenchyma and
the serum level of anti-thyroid peroxidase (anti-TPO) and anti-thyroglobulin (anti-TG) autoanti-
bodies is well known (4). The diagnosis of the HT depends on increased serum autoantibodies
(anti-TPO and anti-TG) and thyroid US in daily clinical practice (3). The B-mode parameters used
for diagnosis and follow-up of HT include thyroid gland volume, hypoechogenicity, and gland
echogenicity heterogeneity alterations. Currently, the alterations in echogenicity are performed
by subjective eyeballing and are thus operator dependent (5, 6). Therefore, there is a need for
a quantitative measurement of the degree of echogenicity of the thyroid gland in adolescent
patients with HT.

The aim of this study was to evaluate the parenchymal echogenicity alterations of the thyroid
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gland in adolescent patients with HT using B-mode gray scale histogram and to reveal the predic-
tive value of this technique in the diagnosis of this entity.

Material and Methods

Study design

All procedures were followed in accordance with the ethical standards of the responsible commit-
tee on human experimentation (institutional and national) and with the Helsinki Declaration of
1975, as revised in 2008. The ethics committee approval for this research was given by the ethics
committee at Antalya Training and Research Hospital. informed consent was obtained from pa-
tients and control group patients included in the study.
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A total of 80 cases diagnosed with HT in the Pediatric Endocrinol-
ogy Department between May 05, 2015, and May 05, 2016, were
prospectively recruited for the study. The patients were selected
by the pediatric endocrinologist per their clinical and laboratory
parameters, and those meeting the criteria for euthyroid autoim-
mune thyroiditis and without medications for at least 6 months
were included in the study. Patients with prior surgery or biopsy,
parenchymal nodule, and calcification or cystic lesion were ex-
cluded from the study. Overall, 4 of 80 patients were excluded for
various reasons (2 with thyroidal nodule and 2 with parenchymal
calcification). A control group was formed of 47 adolescents who
were referred to the Radiology Department after presentation at
the Pediatric Endocrinology Department with no evidence of thy-
roid disease. One of the control subjects was excluded as paren-
chymal nodule was determined. The remaining control individu-
als were proven to be devoid of any thyroid disorder based clinical,
laboratory, or US findings.

Clinical and laboratory features

The clinical diagnosis of HT was based on the increased levels
of anti-TPO (normal range: 0-10 IU/mL) and/or anti-TG (normal
range: 0-4 1U/mL). Since hyperthyroidism, hypothyroidism, and
euthyroidism are from different sub-groups, the results (degree
of thyroid echogenicity) could have been affected. Therefore, only
euthyroid patients were included and this was defined as thyroid
stimulating hormone (TSH) and free thyroxine (fT4) within the nor-
mal reference range (TSH: 0,36-5,8 IU/mL, fT4: 0,61-1,12 ng/dL).
Serological assays were performed in the same week along with
the US evaluation. All the blood samples were stored at the room
temperature for at least 30 min to allow clotting, followed by cen-
trifugation (2500 rpm) for 15 min at 4°C to separate sera. Hormon-
al parameters were assayed immediately. Additional serum was
isolated from fasting blood samples and stored at —80°C prior to
analysis of TSH, fT4, anti-TPO, and anti-TG, which were determined
using a two-site immunoenzymatic method with a commercially
available kit and autoanalyzer (Beckman DxI800; Beckman Coul-
ter Diagnostics, CA, USA). The intra- and inter-assay coefficients of
variation for the assays were <10%.

Ultrasound imaging

All patients were scanned using a Hitachi Hi-Vision Preirus (Tokyo,
Japan) US device equipped with a 7-13 MHz linear-array broadband
probe. Patients were lying supine with the neck overextended. All
examinations were performed by the same radiologist (B.C.). The
radiologist was blinded to the diagnosis. The thyroid glands of the
patients were evaluated in terms of size, echogenicity, and nodules
on B-mode US. Subsequently, B-mode histogram examinations
were performed.

Gray scale histogram analysis

To provide standardization of the histogram measurements, spe-
cific B-mode parameters were selected; Time Gain Compensation
values were -30 to 30 dB, and all patients were scanned in the mid
(0 dB) level. B-mode gain levels were between 0 and 60, and the
gain was adjusted to level 40. The focus-level interval was from 0
to 3 and focus of level 1.5 was used. The longitudinal and axial US
images of the thyroid gland were recorded in the database in a
JPEG format and transferred to a separate workstation. The Image
J software (National Institutes of Health, MD, USA) was used for
gray scale histogram analysis of the images. The largest possible

ROI (8x8 mm in size) was drawn to evaluate the largest possible
thyroid gland echogenicity. A second ROl was drawn manually on
the strap muscles as the reference value within the same image
(Figure 1). The quantitative histogram measurements of both thy-
roid lobes and the strap muscles were carried out and averages
were calculated.

Echogenicity values were measured as 0-255 (0: black, 255: white)
using the histogram analysis in a sampling area. The parenchyma
echogenicity ratio was defined as the ratio between the echogenici-
ty value of the thyroid parenchyma to the echogenicity value of
the strap muscles (thyroid echogenicity/strap muscle echogenicity
ratio [TESER]; Figure 2 and 3).

Statistical analysis

All data in the study were analyzed using the Statistical Package
for Social Sciences for Windows 10.0 software (SPSS Inc; Chicago,
IL, USA) The Mann-Whitney U test was used to compare differences
between two independent groups. The Fisher's exact test was ap-
plied to non-parametric data and the Pearson correlation test was
used for correlation analysis. A p value of <0.05 was considered
statistically significant. The Kolmogorov-Smirnov test was used to
determine the distribution of the data. If the data followed a nor-
mal distribution, values were presented as meantstandard devia-
tion (SD), and the Student t-test was applied to analyze the data.
For parameters that followed non-normal distribution, values were
stated as median in a 95% confidence interval and were analyzed
using the Mann-Whitney U test. The Spearman test was applied for
correlation analysis. To differentiate the HT group and the control
group, different predictive models were compared using receiver-
operating characteristic-area under curve (ROC-AUC) statistics. For
different predictive models, AUC, cut-off points, sensitivity, speci-
ficity, positive predictive value (+PV), negative predictive value (-
PV), positive likelihood ratio (+LR), and negative likelihood ratio
(-LR) values were determined. Data were expressed as mean+SD
or median (interquartile range), as appropriate. All differences as-
sociated with a chance probability of 0.05 or less were considered
statistically significant. The AUC values near to 1,0 represented per-
fect test results; values of <0.05 were equivalent or worse results
than expected by random chance. The AUC values had the follow-
ing interpretation: 0.9-0.99=excellent test; 0.8-0.89=good test;
0.7-0.79=fair or reasonable test; and 0.51-0.69=poor test.

Results

A prospective examination was conducted for 76 patients, compris-
ing 18 (24%) males and 58 (76%) females) with HT and 46 healthy
control subjects comprising 10 (22%) males and 36 (78%) females.
The median values of age, BMI (kg/m?) TSH (mIU/L), and fT4 (ng/
dL) values were 14.7 years (14-15.5), 20.7 (20.3-22.3), 2.4 (1.9-2.7),
and 0.80 (0.80-0.81), respectively, in the patient group and 15.6
years (15-16), 20.9 (19.4-23), 1.85 (1.6-2.2), and 0.80 (0.78-0.87),
respectively, in the control group. No significant difference was
determined between the two groups in terms of age, gender, BMI,
TSH, and T4 (p=0.07, 0.99, 0.76, 0.28, 0.81, respectively, Table 1).

The mean anti-TG values (normal range: 0-4 1U/mL) were 7.3 1U/
mL (2.25-25.8) in the HT group and 0.3 1U/mL (0.2-0.7) in the con-
trol group. The mean anti-TPO values of the HT and control group
were (normal range: 0-10 1U/mL) 267 1U/mL (190-476) and 0.5 1U/
ml (0.3-0.6), respectively. The mean anti-TG and anti-TPO values

223



224

istanbul Med ) 2017; 18: 222-6

Table 1. Comparisons of the values between HT and control
groups

Variables Patient (n=76) Control (n=46) p

Age (years) 14.7 (14-15,5) 15.6 (15-16) 0.07
Gender (female) 58 (76%) 36 (78%) 0.99
BMI (kg/m?) 20.7 (20,3-22,3) 20.9 (19.4-23) 0.76
TSH (mIU/L) 24(1,92,7) 1.85 (1.6-2.2) 0.28
T4 (ng/dl) 0.80(0,80-0,81)  0.80(0.78-0.87)  0.81
ANti-TG (1U/ml) 7.3(2,25-25,8) 0.3(0.2-0.7) <0.01
Anti-TPO (1U/ml) 267 (190-476) 0.5 (0.3-0.6) <0.01
TESER 1.36£0.46 2.2410.59 <0.01

HT=Hashimoto thyroiditis, BMi=body mass index, TSH=thyroid stimulating
hormone, fT4=free thyroxine, anti-TG=anti-thyroglobulin, anti-TPO=anti-thyroid
peroxidase, TESER=thyroid echogenicity/strap muscle echogenicity ratio

Table 2. Estimates of diagnostic tests for the HT and control group
for the differentiation of the echogenicity method (TESER)

Sensitivity  Specificity
AUC  Cut-off (%) (%) +R  -LR
TESER 0.890 <1.59 72 93 1 030

HT: hashimoto thyroiditis; +PV: positive predictive value; -PV: negative predictive
value; +LR: positive likelihood ratio; -LR: negative likelihood ratio; AUC: area
under curve; TESER: thyroid echogenicity/strap muscle echogenicity ratio

Figure 1. Axial US gray scale image of thyroid parenchyma. Big
rectangular ROI on the thyroid parenchyma and a one manually drawn
ROI on the strap muscle were set to cover the largest possible target tissue

were significantly higher in the HT group (Table 1). There was a
negative correlation between anti-TPO level and TESER in the cor-
relation analysis (r=-0.426, p<0.01; Figure 4).

The mean TESER was significantly lower in the HT group at
1.36%0.46 than that in the control group at 2.24+0.59 (p<0.01).
The optimal cut-off value of TESER for the prediction of HT was
<1.59 (72% sensitivity, 93% specificity, +LR: 11, —=LR: 0.30). The AUC
value was 0.890 (Table 2; Figure 5).

Discussion

In this study, the feasibility of gray scale histogram US was evaluat-
ed in the diagnosis of HT in adolescent patients. The TESER values

255

Count: 5980
Mean: 61.215 Max: 89
StdDev: 9.880 Mode: 60 (305)

Figure 2. Histogram analysis shows the distribution of the intensity of

pixels of thyroid parenchyma. Mean, standard deviation, and mode are
shown below

Min: 31

255

Count: 2059
Mean: 37.892
StdDev: 8.965

Min: 16
Max: 68
Mode: 35 (102)

Figure 3. Histogram analysis shows the distribution of the intensity of
pixels of strap muscle. Mean, standard deviation, and mode are shown
below

obtained using the gray scale histogram method in this study were
significantly lower in HT group than those in control group. Also,
the gray scale histogram US method was shown to have 93% speci-
ficity in diagnosing HT. In the light of these results, we propose
that gray scale histogram method can be used as a non-invasive,
quantitative complimentary method to US in the diagnosis and
follow-up of the adolescent patients with HT.

In HT, the thyroid gland parenchyma undergoes both histologi-
cal and structural changes, including lymphocytic infiltration, de-
creased colloidal content, fibrosis, increased intra-thyroidal blood
flow, and follicular structural distortion. These aforementioned
histopathological changes cause a decrease in the thyroid gland
parenchymal echogenicity and heterogeneous gland upon US ex-
aminations (7, 8).

Hypoechogenicity of thyroid gland echogenicity is determined by
observing the adjacent neck muscles (sternocleidomastoid or strap
muscles) as reference organs (9). However, this type of evaluation
is operator dependent and it may result in variability in the defini-
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Figure 4. In the correlation analysis, there was a negative correlation
between anti-TPO and the echogenicity ratio (TESER; r=-0.426; p<0.01).
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Figure 5. ROC curve of echogenicity (TESER); area under curve was 0,890,
and the optimal cut-off value was 1.59

tion of hypoechogenicity of the thyroid gland depending on the
operator differences. Furthermore, the term hypoechogenicity is a
qualitative definition, and it does not provide quantitative infor-
mation about the degree of echogenicity (10, 11).

The gray scale histogram analysis provides objective and quantita-
tive information regarding thyroid parenchymal echogenicity (8).
US images have a spectrum of gray scale histogram values. Each
pixel in these US images reflects a different color density. The his-
togram method reveals the corresponding mean distribution of
the color density for each pixel and shows this information as a
graphic. Consequently, US images can be reflected as a numerical

value and as a quantitative measure through the gray scale histo-
gram method (12).

There are few studies in the literature concerning the diagnosis of
thyroid gland diseases using the gray scale histogram analysis meth-
od. In those studies, hypoechogenicity values were calculated by ob-
taining the mean thyroid parenchymal pixel values (9, 13-16). Mazi-
otti et al. (15) evaluated the thyroid gland parenchymal echogenicity
of 89 patients with a diagnosis of HT (44 hypothyroiditis patients, 45
euthyroid individuals) and 40 healthy controls. The mean thyroid
echogenicity values in the HT group was 61.948.3 and significantly
lower than those in the control group that had a mean thyroid echo-
genicity value of 71.243.1 (p=0.01) . Schiemanm et al. (9) studied 52
HT patients with subclinical thyroiditis who were taking medications
and 100 healthy controls. They found significantly lower thyroid pa-
renchymal echogenicity values in the HT group. They also found a
relationship between the increased thyroid gland hypoechogenicity
and increased TSH and anti-TPO values . Loy et al. (13) conducted a
study with 77 patients diagnosed with HT (28 with euthyroidism, 20
with subclinical hypothyroidism, and 29 with symptomatic hypothy-
roidism). Out the 29 patients, 6 were not under medical treatment
and 23 were under L-thyroxin treatment. They showed a significant
relationship between the L-thyroxin treatment and decreased thy-
roid gland hypoechogenicity.

It is a well known fact that there is a relationship between thyroid
parenchymal echogenicity differences and increased TPO antibod-
ies in patients with goiter, particularly in those with increased TSH
values (i.e., subclinical hypothyroiditis patients) (9). In the current
study, all patients were in euthyroid state and their TSH levels were
within normal limits. Besides, potential thyroid gland parenchy-
mal echogenicity variations were eliminated by including only
adolescent patients into the study population. Furthermore, to
eliminate both operator- and patient-related thyroid gland paren-
chymal echogenicity differences, we defined strap muscles as a ref-
erence tissue and obtained a ratio by dividing thyroid gland paren-
chymal histogram values to strap muscles histogram values (TESER
ratio). Loy et al. (15) and Maziotti et al. could not find a significant
correlation between thyroid gland parenchymal echogenicity his-
togram values and anti-TPO values. In the current study, we did
found a negative correlation between anti-TPO and TESER values
(Figure 4). Increased anti-TPO values reflect lymphocyte infiltration
within the thyroid gland, which is one of the leading causes of the
decreased echogenicity (hypoechogenicity) of the thyroid gland.

Our study has several limitations. Although there was a correla-
tion between the lymphocytic infiltration and anti-TPO values,
the study lacked a histopathological evaluation of the patients,
since tissue sampling is not routinely applied to adolescent pa-
tients with a presumed diagnosis of thyroiditis in our institution.
Another limitation of our study was the small sample size. Further
studies with a larger number of patients would further enhance
the study results with increased statistical power.

Conclusion

The gray scale histogram method can quantitatively differentiate
normal and heterogeneous thyroid gland parenchyma in adoles-
cent patients with HT. TESER values obtained by dividing thyroid
gland parenchymal histogram values to strap muscles histogram
values negatively correlate with anti-TPO values. We suggest the
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use of this auxiliary tool as an adjunct to the conventional B-
mode US for the diagnosis and follow-up of adolescent patients
with HT.
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