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Abstract 

This scientific and analytical work systematizes the clinical applications of ultrasound diagnostics for various 

thyroid diseases. Diffuse and focal changes, echogenicity variations, nodular and cystic lesions, inflammatory 

changes, and neoplastic processes in this organ are covered in detail. It is emphasized that ultrasound examination 

occupies a leading place both in the initial diagnosis and as part of a comprehensive patient examination. The 

article presents a detailed and comprehensive review of modern ultrasound diagnostic methods using various 

modes: B-mode only, Doppler techniques, microangiographic technologies, elastography, contrast-enhanced ul-

trasound, and digital analysis algorithms using artificial intelligence, as well as their features and informative value 

in the differential and early diagnosis of thyroid pathological conditions. Current recommendations for ultrasound 

diagnostic specialists in accordance with the TI-RADS standard are presented. The article presents clinical proto-

cols for the diagnosis and treatment of various thyroid pathologies, and also describes in detail current international 

practices and trends in the field of oncological surveillance and early diagnosis of thyroid cancer using ultrasound 

examination. 
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Today, ultrasound diagnostics of various thyroid 

gland pathologies, including diffuse changes, de-

creased and increased echogenicity, nodular and cystic 

lesions, inflammatory changes, and thyroid cancer, is a 

leading method for both primary diagnosis and compre-

hensive examination. According to current protocols 

for the diagnosis and treatment of thyroid pathology in 

the Republic of Kazakhstan, ultrasound diagnostics oc-

cupies a leading position both in diagnostics and for 

monitoring [1-4]. 

As noted by Zhou H. et al. [5] thyroid cancer is 
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one of the most common malignant tumors of the en-

docrine system. Thyroid nodules in 5% ∼ 15% thyroid 

cancer are malignant. The incidence rate of thyroid can-

cer is increasing year by year. The incidence rate in 

women is generally higher than that in men. Papillary 

thyroid carcinoma is the most common clinical feature 

of thyroid cancer. It has the characteristics of high dif-

ferentiation, low malignancy, good prognosis, and long 

survival. However, local metastasis and distant metas-

tasis can also occur. Studies have shown that the rate of 

lymph node metastasis in papillary thyroid carcinoma 

is 84.7%, of which two-thirds have 70% lymph node 

metastases to thyroid cancer, and the incidence rate of 

thyroid cancer ranges from 70% to 85%. Local invasion 

or distant metastasis of thyroid cancer may increase the 

chance of postoperative recurrence. Therefore, metas-

tasis of thyroid cancer is one of the important factors 

affecting the prognosis of patients. Early detection of 

thyroid cancer metastasis can help clinicians to esti-

mate the surgical conditions. Ultrasound is the most im-

portant imaging method for the diagnosis of thyroid 

cancer metastasis, which is not only convenient but also 

accurate and reliable. With the continuous improve-

ment of instrument performance, high-frequency ultra-

sound can not only sensitively display the internal 

structure of lesions but also provide blood flow infor-

mation or judge the quality of lesions. In 2009, the 

American Thyroid Association emphasized the signifi-

cance of ultrasound in thyroid nodules in the diagnosis 

and treatment manual of thyroid nodules and differen-

tiated thyroid cancer and evaluated the ultrasonic thy-

roid examination as Grade A. Ultrasound examination 

is of great significance for early detection of thyroid 

cancer metastasis, early treatment, and improving the 

survival rate and quality of life of patients and has an 

important impact on the prognosis of patients. 

A very interesting study was conducted by Ken-

nedy E. et al. [6]. Our colleagues investigated which in-

dications most commonly prompt referral for thyroid 

ultrasound and the diagnostic utility by indication. Ex-

tractors categorized referral reasons into (1) suspected 

palpable nodule (SPN) on physical examination; (2) 

chronic symptoms (CS) - e.g., globus sensation and 

dysphagia; (3) metabolic symptoms (MS; e.g., fatigue, 

weight change, and heat intolerance); (4) screening due 

to high risk for thyroid cancer (e.g., multiple endocrine 

neoplasia, Pendred syndrome, and family history of 

thyroid cancer); (5) follow-up of incidental thyroid 

nodule detected on another imaging study; or (6) com-

bination of aforementioned factors. Suspected cases of 

goiter were included in the physical examination find-

ings of a palpable thyroid nodule or mass. Additional 

variables extracted included the date of ultrasound, 

maximum diameter of largest nodule identified, if a bi-

opsy was recommended by the interpreting radiologist, 

and if fine needle aspiration biopsy (FNAB) was per-

formed. Demographic variables extracted included pa-

tient age, sex, race/ethnicity (White, Black, Asian, and 

Hispanic), insurance status (Medicaid, Medicare, pri-

vate insurance, and uninsured), and Charlson Comor-

bidity Index (CCI) - 0, 1, and 2+. The primary outcome 

of interest was the percentage of thyroid ultrasounds 

performed that had an identifiable nodule for each re-

ferral indication. The secondary outcome evaluated 

“biopsy-recommended” nodules specifically, which 

were defined as nodules that the radiologist recom-

mended for biopsy. Radiologists at institution routinely 

utilize the Thyroid Imaging Reporting and Data System 

(TI-RADS), and recommendations for biopsy are based 

on nodule size and TI-RADS category; however, spe-

cific TI-RADS scores were not abstracted. The percent-

age of biopsy-recommended nodules among all ultra-

sounds performed was compared among each referral 

indication. 

In all, 3459 discrete neck ultrasounds were identi-

fied between 2017 and 2019. Of these, 1739 (50%) met 

inclusion criteria. The majority of patients were female 

(76%), White (86%), privately insured (62%), and 

healthy (76% with CCI 0); the mean age was 53 years 

standard deviation (SD). The most common indication 

for thyroid ultrasound referral was an SPN on physical 

examination (40% of all ultrasounds performed). The 

next leading referral indication was follow-up of a nod-

ule identified on incidental imaging (28%). Referral for 

CS and MS made up 13% and 6% of ultrasounds, re-

spectively. Only 2% of patients were referred for thy-

roid ultrasound due to high-risk factors. Patients re-

ferred for a combined indications accounted for 11% of 

thyroid ultrasounds. The combined indication was most 

often (45%) due to a patient presenting with CS and an 

SPN on examination. Among all ultrasounds per-

formed, 62% identified a thyroid nodule. Patients re-

ferred for incidental findings had the highest percent-

age of ultrasounds with thyroid nodules present at 94%. 

Several possible reasons exist for the 6% of incidental 

findings that lacked a thyroid ultrasound correlate. For 

example, some were imaging “suggestive” of a nodule, 

but not definitively a nodule. These findings typically 

derived from imaging that was not optimal for the thy-

roid (e.g., chest or cervical spine computed tomography 

scan and nuclear imaging); and the suggestive nodule 

was ultimately not detectable on dedicated thyroid ul-

trasound [6]. 

In comparison, patients referred because of an 

solid pseudopapillary neoplasm (SPN) on examination 

and for CS identified nodules on 55% and 39% of ul-

trasounds, respectively. Patients with MS had a nodule 

on ultrasound 43% of the time. Among those referred 

for high-risk factors, 57% had a nodule present. Pa-

tients referred for combined indications had nodules on 

42% of ultrasounds. Analysis of variance (ANOVA) in-

dicated the difference in nodule detection rate between 

indications was statistically significant (p < 0.05). Only 

27% of ultrasounds identified a thyroid nodule that was 

recommended for biopsy. Those referred from inci-

dental imaging had the highest percentage of biopsy-

recommended nodules (55%). This was followed, in or-

der, by patients referred for physical examination of a 

palpable thyroid nodule (21%), high-risk factors (20%), 

combined indications (16%), MS (10%), and CS (6%). 

The overall mean maximum diameter of identified thy-

roid nodules was 1.9 cm (SD 1.3 cm). Of note, 32 radi-

ology reports identified a thyroid nodule but did not 

record size and were, therefore, excluded from this spe-

cific analysis. Patients referred for incidentally found 

thyroid nodules had the largest mean nodule size at 
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2.4 cm (SD 1.2 cm). All other groups had a mean nod-

ule size between 1.2 and 1.8 cm. The difference in av-

erage size of nodule was statistically significant 

(p < 0.05). A logistic regression model evaluated the as-

sociation of patient age, sex, ethnicity, CCI, insurance 

status, and referral indication with identification of a 

nodule on ultrasound. Compared with patients referred 

for an SPN on examination, those with incidental nod-

ules were over 10 times more likely to have a nodule 

found on ultrasound (odds ratio [OR] = 10.6 [confi-

dence interval (CI) 7.0–16.0]). Conversely, patients re-

ferred for CS were half as likely to have an identifiable 

nodule compared with those referred for physical ex-

amination findings (OR = 0.5 [CI 0.4–0.7]). In addition, 

the odds of finding a nodule increased with age, espe-

cially for those aged 65 years and above (vs. age <45 

OR = 3.6 [CI 2.2–5.9]). Finally, females were twice as 

likely to have a nodule found on thyroid ultrasound 

(OR = 2.0 [CI 1.5–2.6]). Results were similar when 

evaluating only biopsy-recommended nodules. Com-

pared with patients referred for an SPN on examination, 

those referred for incidental findings were significantly 

more likely to have a biopsy-recommended nodule 

(OR = 4.7 [CI 3.5–6.3]), while those referred for CS 

were significantly less likely to have a biopsy-recom-

mended nodule on ultrasound (OR = 0.3 [CI 0.1–0.5]. 

There was no difference in identifying biopsy-recom-

mended nodules between sexes (female vs. male 

OR = 1.2 [CI 0.9–1.6]). In conclusion, the authors em-

phasize that only a quarter of dedicated thyroid ultra-

sounds yielded a nodule recommended for biopsy, and 

39% did not have a nodule present at all. Moreover, 

only half of ultrasounds performed to evaluate a sus-

pected nodule on physical examination actually identi-

fied one. Ultrasound referrals for symptoms had the 

lowest diagnostic yield, with fewer than 10% identify-

ing a biopsy-recommended nodule. These findings sug-

gest that re-evaluation of guidelines on thyroid ultra-

sound referral may be necessary to decrease the 

overutilization of thyroid ultrasound and the down-

stream consequences of detection of small potentially 

irrelevant nodules [6]. 

Wu J. et al. [7] to study the application value of 

SMI technology (ultra-microvascular imaging technol-

ogy) and contrast-enhanced ultrasound in the differen-

tial diagnosis of thyroid benign and malignant nodules. 

According to the authors, thyroid disease has always 

been a common and frequent disease in clinical medi-

cine, and its disease detection rate has been increasing 

year by year. Thyroid diseases are mainly divided into 

two categories: thyroid diseases treated by medical 

treatment and thyroid diseases treated by surgery. Thy-

roid cancer has also become one of the most common 

malignant secretory tumor diseases today. Ultrasound 

examination is a commonly used method for diagnos-

ing thyroid diseases. During the diagnosis process, doc-

tors need to observe the characteristics of ultrasound 

images and combine professional knowledge and clini-

cal experience to give the patient's disease status. 

The thyroid is an important organ of the human 

body, and it plays an important role in maintaining the 

health of the human endocrine system and the physical 

and mental health of the human body. With the ad-

vancement of medical ultrasound technology, ultra-

sound examination has become one of the most com-

monly used early detection methods for diseases due to 

its advantages such as low price, safety, noninvasive-

ness, convenient use, and ability to reflect the actual sit-

uation of tissues. A thyroid nodule refers to a mass in 

normal thyroid tissue that is different from normal glan-

dular tissue. Thyroid nodules can be divided into two 

categories according to their nature: benign nodules 

and malignant nodules. Among them, benign nodules 

can be divided into nodular goiter, thyroid adenoma, 

and Hashimoto's thyroiditis (HT); the main type of ma-

lignant nodules is thyroid papilloma, which is the most 

common pathological type with the highest incidence 

of malignant thyroid nodules, while other pathological 

types are relatively rare. Due to the superficial location 

of the thyroid, the boundary between the outer envelope 

and surrounding soft tissues is clear, which provides fa-

vorable conditions for ultrasound diagnosis. The self-

regulation of thyroid function refers to the regulation of 

the secretion of thyroxine by the amount of iodine sup-

plied by the thyroid itself in the absence of thyroid-

stimulating hormone (TSH) or the concentration of 

TSH is unchanged. Therefore, for the identification and 

diagnosis of benign and malignant thyroid nodules, ul-

trasound has always been one of the preferred imaging 

methods. With the continuous improvement of the level 

of science and technology, ultrasound inspection tech-

nology has also improved. When using ultrasound to 

diagnose thyroid diseases, thyroid neoplastic lesions 

can be displayed more clearly on the ultrasound images, 

and the lesions can be found in time and medical 

measures can be taken to control the condition. How-

ever, thyroid diseases are complex and changeable, es-

pecially malignant thyroid nodules, which are difficult 

to diagnose and control. During an ultrasound exami-

nation, benign and malignant nodules overlap on the 

two-dimensional sound image, which makes the diag-

nosis more difficult. Especially when some nodules 

have both benign and malignant characteristics, it is 

difficult to distinguish and qualitatively diagnose their 

nature based on the sonogram alone, which directly af-

fects the choice of clinical treatment and surgical meth-

ods. This puts forward higher requirements for the ini-

tial qualitative diagnosis of lesion formation for ultra-

sound diagnosticians. Therefore, medicine urgently 

needs more advanced ultrasound diagnostic technology 

to overcome the difficulties encountered when using 

conventional ultrasound examination methods to diag-

nose thyroid diseases so as to help clinicians better di-

agnose and treat thyroid diseases and protect the health 

of patients. There is a clinical need for an intelligent 

diagnosis technology of thyroid diseases based on ul-

trasound images, which can provide objective and reli-

able auxiliary diagnosis opinions for thyroid diseases 

through the texture, shape, and other information of the 

images, freeing doctors from heavy work [7]. 

The study states that SMI technology is a new ul-

trasound diagnostic imaging method proposed by 

Canon in Japan in 2014. The principle basis of SMI 

technology is the motion suppression technology used 

to isolate and eliminate clutter but retain the vulgar 

blood flow signal. It includes ultrasound diagnostics, 
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ultrasound therapy, and biomedical ultrasound engi-

neering. Therefore, ultrasound medicine has the char-

acteristics of combining medicine, science, and engi-

neering. It involves a wide range of contents and has a 

high value in the prevention, diagnosis, and treatment 

of diseases. In the motion suppression technology, the 

ultrasonic detection image subtracts the change of the 

structure position from one frame to another, leaving 

only the color imaging part. SMI technology uses an 

adaptive wall wave to suppress clutter noise and mini-

mize the flash artifacts of the image. Ultrasound tech-

nology is a high-tech developed in the 20th century. It 

is an emerging, interdisciplinary, and borderline sci-

ence, which has attracted extensive attention of scien-

tific and technological workers in countries such as the 

United States, Germany, Canada, Japan, and China. 

Contrast-enhanced ultrasound technology is a very 

prominent technological development in the field of ul-

trasound imaging diagnostics in recent years, and it can 

also be called the third leapfrogging revolution in the 

history of ultrasound imaging. Contrast-enhanced ultra-

sound uses low mechanical index (MI0.2) pulse con-

trast sequence imaging technology for ultrasound in-

spection, so it reduces the damage to microbubbles and 

greatly improves the signal-to-noise ratio of the image. 

In the project of acquiring a dynamic image by contrast-

enhanced ultrasound, although the detected object can 

hold the breath for a short time, the slight movement of 

the organs cannot be completely eliminated, and the or-

gan movement may be more serious after the breath-

hold is over. In order to comprehensively use multiple 

imaging modes or co-modal changes to provide more 

complete information, the ultrasound contrast motion 

correction algorithm often integrates all effective infor-

mation to make up for information deficiencies and bet-

ter serve clinical diagnosis and treatment. In the work 

of our colleagues, the experimental methods of this 

study are as follows: first, 40 cases of benign and ma-

lignant thyroid nodules in China in 2018 were ran-

domly selected. Among them, there were 20 cases of 

benign and malignant nodules. The maximum diameter 

of the nodules was 0.6∼3.9 cm, with an average of 

2.10.3 cm. The pathological results of all nodules were 

obtained through fine-needle aspiration biopsy or sur-

gical treatment. Then, according to the standard blood 

flow distribution pattern of thyroid nodules, SMI tech-

nology and contrast-enhanced ultrasound were used to 

judge, and two different selected nodule cases com-

posed of 20 nodules in each group (10 benign and ma-

lignant nodules) compared the distribution pattern of 

blood flow and the morphological characteristics of 

blood vessels. According to the standard blood flow 

distribution pattern of thyroid nodules, in this experi-

ment, SMI technology was used to judge the blood flow 

distribution pattern of nodules 4 times. That the analy-

sis of the blood flow distribution pattern of SMI tech-

nical nodules in 20 cases of benign and malignant thy-

roid nodules in this group showed that the number of 

central and mixed nodules was the same, and the num-

ber of peripheral nodules was the least. After evalua-

tion, through 4 repeated judgments, the blood flow dis-

tribution pattern of the nodules under SMI technology 

is completely consistent with the actual case. It shows 

that SMI technology has a high accuracy rate for dis-

playing the blood flow distribution pattern of thyroid 

nodules. SMI angiography showed that the vascular 

morphology of malignant nodules was stump type and 

crab foot type, with more tortuous and chaotic direc-

tions, and more irregular small branches, which was in 

line with the actual situation. This shows that SMI tech-

nology has a good imaging effect on nodular blood ves-

sels [7]. 

In conclusion, the authors come to the conclusion 

that with the improvement of medical technology in to-

day's society and the enhancement of people's health 

awareness, people's attention to thyroid diseases con-

tinues to increase. However, thyroid diseases, such as 

malignant secretory tumor diseases, are more complex 

and changeable, especially for malignant thyroid nod-

ules, which are difficult in clinical diagnosis and treat-

ment. Conventional thyroid ultrasound examination 

methods also have certain limitations, such as: for be-

nign and malignant thyroid lesions, two-dimensional 

detection images sometimes overlap, which can also 

lead to different images of the same disease, and the 

same frequency of different diseases; at the same time, 

the blood flow with a low flow rate will not be dis-

played. And usually, it can only clearly display the 

larger blood vessel images, but the new microvascular 

network of the tumor cannot show its full picture, 

which means that thyroid cancer with less blood supply 

is easy to be missed. These deficiencies in conventional 

ultrasound examinations will directly affect the clinical 

treatment of thyroid diseases. Therefore, the medical 

field of thyroid diseases urgently needs more advanced 

ultrasound diagnostic technology to overcome the dif-

ficulties encountered in the diagnosis of thyroid dis-

eases so as to help clinicians better diagnose and treat 

thyroid diseases and protect the health of patients. With 

the improvement of science and technology, two more 

advanced ultrasound detection technologies, SMI tech-

nology and contrast-enhanced ultrasound, have 

emerged in medicine. SMI technology can detect very 

low blood flow in thyroid lesions and can noninva-

sively and truly reflect the blood perfusion state of the 

nodules; contrast-enhanced ultrasound can continu-

ously and dynamically observe the vascular distribution 

and blood perfusion of thyroid nodules, showing that 

the possibility of tumor neovascularization has also 

been improved. Therefore, SMI technology and con-

trast-enhanced ultrasound technology can solve the cur-

rent problems in the diagnosis and treatment of thyroid 

diseases to a certain extent by virtue of their own ad-

vantages and have begun to be used in the identification 

and diagnosis of thyroid benign and malignant nodules. 

The research in this article has proved through experi-

ments that SMI technology and contrast-enhanced ul-

trasound have high diagnostic sensitivity for the identi-

fication and diagnosis of benign and malignant thyroid 

nodules, that is they have better diagnostic efficiency 

and application value. And from the comparison of sen-

sitivity, the diagnostic sensitivity of SMI technology is 

slightly higher than that of contrast-enhanced ultra-

sound, which shows that SMI technology has slightly 

better diagnostic performance and application value 

than contrast-enhanced ultrasound. The findings of this 

article provide a meaningful reference for the medical 
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community to better apply SMI technology and con-

trast-enhanced ultrasound in the diagnosis and treat-

ment of thyroid diseases. The number of features ex-

tracted manually in the research of thyroid nodular dis-

ease in this article is relatively small. In the future, more 

features can be added to study the interaction between 

artificial features and neural network features to 

achieve better classification results [7]. 

Jacome C.S. et al. [8] провели познавательное 

исследование, посвященное эффективности паль-

паторного выявления узлов в щитовидной железе и 

корреляции этих результатов с последующими уль-

тразвуковыми исследованиями. The authors con-

ducted a retrospective observational study and identi-

fied adult patients (>18 years old) who underwent thy-

roid or neck ultrasounds (TUS) for the first time 

between January 1, 2015, and September 30, 2017, 

from ultrasound database. An initial search identified 

5,938 patients with a TUS, from which our colleagues 

randomly selected a cohort of 500 patients who had a 

TUS ordered for any reasons (e.g., screening, workup 

of thyroid dysfunction). Of these, 327 patients were 

found to have both a TUS ordered and documented 

physical examination of the thyroid, which was per-

formed either as part of the thyroid-related workup 

(e.g., thyroid function test abnormalities, personal or 

family history of thyroid cancer) or as a routine neck 

examination. In all those instances, the TUS was or-

dered after the physical examination had been con-

ducted. 

The researchers piloted and applied an extraction 

form to collect patient demographics and the specialty 

of the clinician who conducted the physical exam. 

From the physical exam documentation, they extracted 

the types of findings (solitary nodule, multinodular goi-

ter, enlargement without nodularity, normal thyroid, 

and an "other category" for patients with indeterminate 

findings such as thyroid asymmetry). Additionally, 

study's authors documented the precise locations (right 

lobe, left lobe, isthmus or bilateral) where these find-

ings were encountered, whenever the data was accessi-

ble. In a similar fashion, researchers carefully extracted 

the TUS findings (solitary nodule, multinodular goiter, 

enlargement without nodularity, no finding, and "other 

category" to group patients who had thyroiditis without 

the presence of nodules or lymphadenopathy) and 

noted the corresponding locations of the described find-

ings. When there was a nodular finding in the ultra-

sound, authors extracted the largest diameter from the 

largest nodule. Given that the accuracy of thyroid phys-

ical exam may be affected by previous knowledge of 

thyroid-related symptoms, our colleagues also docu-

mented whether there was presence of symptoms asso-

ciated with thyroid nodules or masses (e.g., neck full-

ness, dysphagia, odynophagia, choking, etc). The au-

thors summarized continuous variables using means 

and standard deviations, and categorical variables using 

frequencies and percentages. Using the TUS findings 

as the reference standard, they calculated the accuracy 

of the findings noted from the thyroid palpation. First, 

our colleagues calculated the sensitivity, specificity, ac-

curacy, and positive predictive value (PPV) and nega-

tive predictive value (NPV) of the thyroid palpation in 

the identification of any abnormal thyroid findings (any 

abnormality yes/no in thyroid palpation compared with 

any abnormality yes/no in thyroid ultrasound). Then, 

study's authors estimated the accuracy of the physical 

exam in detecting thyroid nodules (single thyroid nod-

ule [yes/no] detected by thyroid palpation compared to 

thyroid nodule [yes/no] detected on confirmatory thy-

roid ultrasound), and multinodular goiters (multiple 

nodules [yes/no] found by thyroid palpation compared 

to multiple nodules [yes/no] identified on a thyroid ul-

trasound). Additionally, they calculated the accuracy 

and PPV of the thyroid physical exam to determine the 

location (e.g., right lobe, left lobe, isthmus or bilateral) 

of the thyroid findings when data was available in the 

medical records. Finally, authors calculated the propor-

tion of additionally findings derived from a positive 

thyroid palpation as 1) the number of patients who had 

a solitary nodule palpated and were found to have mul-

tiple nodules on the subsequent ultrasound, or 2) pa-

tients who had a thyroid enlargement in the physical 

exam and found to have one or more thyroid nodules 

on the subsequent ultrasound. When possible, research-

ers conducted subgroup analyses by patient sex, patient 

weight (obese or overweight vs. normal weight based 

on body mass index (BMI) categories), size of the thy-

roid nodule (≤2 cm or >2cm), symptoms of nodular dis-

ease (yes and no), and by clinician specialty (primary 

care vs. specialties). Scientific researchers conducted a 

test interaction to evaluate for statistically significant 

subgroup differences [8]. 

Our colleagues included 327 patients, the majority 

were female (213/327, 65.1%) and white (275/327, 

84.1%) with a mean age [standard deviation – (SD)] of 

50.8 years old (16.9). Most patients were obese or over-

weight (225/327, 71.2%) and had the thyroid physical 

exam performed by a primary care clinician (178/327, 

54.4%). Additionally, most patients did not present any 

symptoms of thyroid nodular disease (231/327, 70.6%). 

Regarding finding any thyroid abnormality, the thyroid 

physical exam had a sensitivity of 71.8% (n= 189/263; 

95% CI 66%-72.2%), specificity of 35.9% (n= 23/64; 

95% CI 24.2%-49.9%), accuracy of 64.8% (212/327; 

95% CI 59.4%-70.0%), NPV 23.7% (23/97; 95% 

17.5%-31.3%) and PPV 82.1% (189/230; 95% CI 

79.1%-84.9%). When the diagnostic accuracy was esti-

mated by an individual thyroid palpation finding (thy-

roid nodule or multinodular goitre), the physical exam 

had a sensitivity of 20.3% (n=12/59; 95% CI 12.3%-

36.2%), specificity of 79.1% (212/268; 95% CI 73.7%-

83.2%), accuracy of 68.5% (n=224/327; 95% CI 

59.4%-70.0%), NPV 81.8% (n=212/259; 95% 81.5%-

85.8%) and PPV 17.6% (n=12/68;95% CI 11.1%-

27.1%) in detecting a thyroid nodule; and a sensitivity 

of 10.8% (n-=17/157; 95% CI 6.4%-16.7%), specificity 

of 96.5% (n=164/170; 95% CI 92.4%-98.7%), accuracy 

of 55.4% (n=181/327; 95% CI 49.78%-60.8%), NPV 

53.9% (n=164/304; 95% 52.4%-55.4%) and PPV 

73.9% (n=17/23; 95% CI 53.4%-87.5%) in finding a 

multinodular goiter. Out of 327 patients, 60 physical 

exams included the side of the thyroid nodule. Among 

these, the overall accuracy, and the PPV of the physical 

examination in identifying the location (e.g., right lobe, 

left lobe, isthmus, or bilateral) of the thyroid finding 

were 46.6% and 37.5%, respectively. Physical exams 

among symptomatic patients demonstrated superior 
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performance than those conducted among asympto-

matic patients, with higher specificity (100% vs. 62%; 

p<0.01), accuracy (83% vs. 62%; p<0.01), and NPV 

(87% vs. 79%; p<0.01) for detection of solitary nod-

ules, as well as a higher NPV for detection of multinod-

ular disease (61% vs. 51%; p<0.01). In addition, higher 

PPV for detecting multinodular disease was observed 

when a specialist conducted the physical exam com-

pared to a primary care provider (100% vs. 60%; 

p<0.01) and when the nodule detected by physical ex-

amination was greater than 2 cm (100% vs. 73% for 

nodules ≤2 cm; p=0.026). The study's authors found 

that out of 68 solitary nodules palpated, 37 (54%) were 

found to have additional findings such as, multinodular 

goiter on a subsequent TUS; similarly, out of 88 pa-

tients for whom the physical exam identified an en-

larged thyroid, 56 (64%) of these were subsequently 

found to have a solitary nodule (16 cases) or a mul-

tinodular goiter (40 cases) on the TUS. The authors em-

phasize that in this retrospective observational study, 

scientific researchers found that, while a thyroid physi-

cal exam can detect thyroid abnormalities, these find-

ings were rarely concordant with findings identified on 

a subsequent thyroid ultrasound. Furthermore, the diag-

nostic accuracy of specific thyroid physical exam find-

ings was low, particularly for the PPV of solitary thy-

roid nodules. For instance, out of every 100 patients 

with a physical exam consistent with a solitary thyroid 

nodule, approximately 18 had a thyroid nodule, while 

out of every 100 patients with a physical exam con-

sistent with multinodular goiter, about 74 had the same 

finding in the ultrasound. In the course of the study, the 

authors state that thyroid physical exam has limited di-

agnostic performance and leads to additional findings 

when followed by a thyroid ultrasound. As such, thy-

roid physical exams in asymptomatic patients may play 

an important role in the overdiagnosis and overtreat-

ment of thyroid cancer. To determine if any patient sub-

groups derive some benefit from thyroid physical ex-

ams beyond their use as a diagnostic approach, further 

research is necessary. Additionally, potential interven-

tions should be explored to improve the accuracy of 

thyroid physical exams [8]. 

Next, we consider a study aimed to examine the 

potential associations between Doppler parameters and 

clinical characteristics of hypothyroid patients, such as 

the autoimmune nature of the disease and adequacy of 

LT4 replacement [9]. Angelopoulos N. et al. in their 

work note that While hormonal assays are commonly 

used for thyroid function assessment, Doppler sonogra-

phy provides valuable information on vascularization 

and blood flow.  

A total of 400 consecutive patients with hypothy-

roidism attending an Endocrinology outpatient clinic 

for annual follow-up visit were evaluated for eligibility. 

Autoimmune thyroiditis was considered the underlying 

disease of hypothyroidism based on high serum con-

centrations of antithyroid antibodies [thyroid peroxi-

dase (anti-TPO) and/or thyroglobulin (anti-Tg) anti-

bodies]. Exclusion criteria were history of Graves’ dis-

ease or subacute thyroiditis, malignancies, pregnancy, 

previous use of medications that can affect thyroid stiff-

ness (amiodarone, tamoxifen, anti-neoplastic) and nod-

ular abnormalities of the thyroid gland (nodules > 3 mm 

detected by conventional B-mode ultrasound. A total of 

338 patients treated for hypothyroidism [females: 

n = 292 (86.4%); males: n = 46 (13.6%)] were enrolled 

in the study. Demographic characteristics (age, sex, 

BMI), treatment parameters (LT4 daily dose) were rec-

orded and thyroid hormones [TSH, free thyroxin (fT4)] 

were measured. All included subjects were residents of 

a geographical area of low-prevalence iodine defi-

ciency disorders. The study protocol was conducted by 

the tenets of the Declaration of Helsinki and all patients 

agreed to participate in the study, which was approved 

by the Bioethics Committee of the Aristotle University 

of Thessaloniki, Greece. Conventional B-mode thyroid 

ultrasound and strain elastography [(real-time elas-

tography (RTE)] were performed on a General Electric 

P9 machine (LOGIQ-P9; GE Medical Systems, Mil-

waukee, WI, USA) with an 8–12 multifrequency linear 

probe. Conventional grey-scale ultrasound was initially 

performed to measure transverse (two dimensions) and 

longitudinal (one-dimension) diameters and thyroid 

volume. Three linear dimensions were measured for 

each lobe: the length (L) was assessed on the sagittal 

view and the anterior–posterior (A-P) and width (W) 

diameters of each lobe were assessed on the transverse 

view. Given that the normal thyroid shape is ellipsoid, 

the volume of each lobe was automatically calculated 

by recording the abovementioned three linear dimen-

sions (ellipsoid equation with a correction factor: V 

(ml) = L (cm) × A-P (cm) × W (cm) × 0.523). Thyroid 

vascularity was examined with color Doppler and pa-

tients were classified into four patterns: Pattern I (nor-

mal thyroid vascularity, blood flow limited to the pe-

ripheral thyroid arteries, absent parenchymal flow); 

Pattern II (minimally increased thyroid vascularity, 

mildly increased parenchymal flow); Pattern III (in-

creased blood flow with a diffuse homogenous distri-

bution, increased parenchymal flow with a diffuse ho-

mogenous distribution pattern) and Pattern IV (mark-

edly increased parenchymal flow with a homogenous 

distribution, including the “thyroid inferno”). The 

probe was placed perpendicularly to the skin for RTE 

examination, and repetitive light compression was ap-

plied in the longitudinal plane. The ideal pressure on 

the target lesion was confirmed based on the cine-

memory data. A cine-memory stores data obtained 

through the transmission and reception of ultrasound. 

A cine-memory generally has a storage capacity allow-

ing storage of multiple numbers of frames obtained in 

time sequence. In a cine-memory, the newest input data 

overwrites the oldest data which is already stored in the 

memory, and this process is repeated. The patients held 

their breath while the images were obtained to avoid 

respiratory motion artifacts. The strain index (elas-

tography ratio, E2/E1) was used that represents the ra-

tio of the strain of thyroid parenchyma (E2) to that of 

sternocleidomastoid muscles (E1). Region of interest 

(ROI) for E2 was free-handed and designed at the pe-

ripheral edge of the gland to include the whole longitu-

dinal image of each lobe; ROI for E1 was the ster-

nocleidomastoid muscle in front of the ipsilateral thy-

roid parenchyma [9].  

An endocrinologist with twenty years of experi-

ence in sonography, who was blinded to the clinical sta-

tus, performed all thyroid ultrasound examinations. The 
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Doppler spectral analysis was of the right and left infe-

rior thyroid arteries in the transverse scanning, in which 

the vessels crossed the common carotid arteries poste-

riorly, or in the longitudinal scanning of the ascending 

parts of the arteries, in which the vessels lie parallel to 

the common carotid arteries for the superior thyroid ar-

teries. The superior thyroid artery was assessed with the 

probe positioned in the oblique sagittal plane, close to 

the superior thyroid pole. The inferior thyroid artery 

was assessed in the oblique transversal plane, close to 

the transition between the mid and inferior third of the 

thyroid. The cursor for evaluating the inferior thyroid 

artery was set close to the trachea to avoid artifacts 

from the common carotid artery and the internal jugular 

vein. Parameters for color Doppler are frequency 4.4–

6.6 MHz, Gn 40%, pulse-repetition frequency (PRF) 2–

8 kHz and Wall Filter (WF) 25–80 Hz. The angle cor-

rection cursor was parallel to the flow direction and the 

Doppler angle was kept at or below 60°. The sampling 

gate was set to 2 mm. The peak systolic velocity (PSV), 

end-diastolic velocity (EDV), and pulsatility indices 

(PI) and the resistive index (RI) values in the superior 

and the inferior thyroid arteries were obtained in both 

thyroid lobes. The mean value of the right and left lobes 

was used as the outcome parameter. Serum TSH and 

fT4 concentrations were measured by the immuno-

chemistry method with enzyme chemiluminescence 

immunoassay (reference range: 0.27–4.5 mUI/ml and 

0.8–1.5 ng/dl, respectively). Measurements were per-

formed on the Cobas 8000 platform by Roche (Basel, 

Switzerland). Data were presented as mean ± SD or 

range (min—max). The Kolmogorov–Smirnov test was 

used to evaluate data distribution. The Student’s t-test 

was used for group comparisons of continuous varia-

bles with a normal distribution (age, BMI, weight) and 

Mann–Whitney test was used for variables with a non-

parametric distribution. Spearman and Pearson correla-

tion coefficients were used to investigate correlations 

between variables. The Chi-squared test (χ2-test) was 

used for group comparisons of categorical variables. 

Predictive models were compared using Receiver Op-

erating Characteristic (ROC) – Area Under the Curve 

(AUC) statistics. The optimal threshold values were de-

termined from the ROC curve analysis and the Youden 

Index and its associated criterion values. The sensitiv-

ity, specificity, positive likelihood ratio and negative 

likelihood ratio values were calculated. A p-

value < 0.05 was considered statistically significant [9]. 

In total, 288 patients (85.2%) had autoimmune 

thyroiditis, while 50 (14.8%) had no history of in-

creased thyroid autoantibodies. A total of 68 patients 

(20.1%) had TSH concentrations ≥ 4 mIU/l (50 with au-

toimmune thyroiditis and 10 without autoimmune dis-

ease) and were considered suboptimally treated at the 

time of the enrolment, while 270 (79.9%) had TSH con-

centrations within the reference range (< 4 mIU/l) and 

were considered optimally treated ( 230 with autoim-

mune disease and 40 without). In patients with autoim-

mune thyroiditis, the LT4 dose (expressed as 

dose/weight) needed to achieve optimal thyroid treat-

ment was higher (1.1 ± 0.4 vs. 0.8 ± 0.4 mcg/kg, 

p < 0.001). The elastography ratio was increased in pa-

tients with autoimmune thyroiditis (0.86 ± 0.52 vs. 

0.77 ± 0.54, p = 0.026) compared with patients without 

autoimmune thyroiditis. There was a positive associa-

tion between autoimmune thyroiditis and vascularity 

[χ2(3) = 13.28, p = 0.004, Cramér’s V = 0.2]. In pa-

tients with no autoimmune thyroiditis, the total thyroid 

volume was lower in those with suboptimal LT4 re-

placement (5.3 ± 3.0 vs. 6.3 ± 3.7 ml, p = 0.032) com-

pared with those with optimal replacement. There was 

no association between suboptimal LT4 replacement 

and vascularity [χ2(3) = 2.11, p = 0.551, Cramér’s 

V = 0.08]. PSV and EDV of the inferior thyroid artery 

were higher in patients with suboptimal LT4 replace-

ment compared with those with optimal replacement 

(PSV: 41.9 ± 17.0 vs. 35.1 ± 11.2, p = 0.004 and EDV 

18.5 ± 9.0 vs. 14.7 ± 6.0, p = 0.004, respectively). RI 

was lower in patients with suboptimal LT4 replacement 

compared with those with optimal replacement 

(0.63 ± 0.08 vs. 0.66 ± 0.09, p = 0.024). The severity of 

hypothyroidism, as expressed by LT4 dose/BMI, was 

negatively correlated with thyroid volume (r =  – 0.190, 

p < 0.001) and EDV values of superior (r =  – 0.16, 

p = 0.009) and inferior thyroid arteries (r =  – 0.17, 

p = 0.008). A weak positive correlation was found be-

tween LT4 dose/BMI with elastography ratio 

(r = 0.180, p < 0.001). This correlation was significant 

only in patients with autoimmune thyroiditis (r = 0.156, 

p = 0.007) but not in those without it (r = 0.255, 

p = 0.07). A positive correlation was found between 

dose/BMI and PI and RI of both arteries (PI superior: 

r = 0.130, p = 0.031; PI inferior: r = 0.140, p = 0.023; RI 

superior: r = 0.140, p = 0.024; RI inferior: r = 0.150, 

p = 0.014). A backward stepwise logistic regression 

analysis was performed to identify possible predictors 

of suboptimal LT4 replacement. All ultrasound indices 

(PSV, EDV, PI, RI, elastography ratio) were included 

as independent variables. Only RI and PSV of the infe-

rior thyroid artery remained in the final model, 

[χ2(2) = 14.93, df = 2, p = 0.001). ROC curve analysis 

was performed for PSV of the inferior thyroid artery to 

define the optimal threshold for predicting suboptimal 

LT4 replacement (defined as TSH > 4 or > 5 mIU/ml). 

The AUC for TSH > 4 mIU/ml was 0.625 (p = 0.002, 

Youden Index: 0.238, associated criterion: > 31.2, sen-

sitivity 81.8%, specificity 42%). For TSH > 5 mIU/ml, 

the corresponding AUC was 0.672 (p < 0.001, Youden 

Index: 0.305, associated criterion: > 37.7, sensitivity 

61.8%, specificity 67%) [9]. 

In conclusion, our colleagues state that this is the 

largest study to have applied the concurrent evaluation 

of multiple ultrasound parameters of the thyroid gland 

in patients with hypothyroidism and the first to have 

used thyroid artery measurements to evaluate the ther-

apeutic efficacy. Lymphocytic infiltration in autoim-

mune thyroiditis affects tissue echogenicity and causes 

a diffuse increase in parenchymal vascularization. In 

the natural history of the disease, as hypofunction gets 

severer, elasticity, volume of the gland and blood flow 

are reduced, indicating a fibrotic degeneration process. 

Effective monitoring and evaluation of LT4 supple-

mentation are crucial to anticipate relapse of hypothy-

roidism. The monitoring is mainly based on thyroid 

hormone measurements since clinical symptoms may 

be absent in borderline TSH increases. However, in 

cases where blood tests are difficult to obtain, a color 

Doppler ultrasound can be used as an alternative tool in 
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estimating responses to therapy and distinguishing 

those patients who should be further evaluated by hor-

monal examinations [9]. 

In the work of Soltani K. et al. [10] the authors 

note that the diagnostic role of Doppler ultrasonogra-

phy regarding HT is not fully established. Our col-

leagues examined intraparenchymal RI as a Doppler 

parameter, thyroidal vascularity and other Gray-Scale 

findings in adults with HT in order to evaluate the clin-

ical feasibility of RI in the diagnosis of this disease. 

This study is designed based on the cross-sectional 

analysis of sonographic findings in newly diagnosed 

patients with HT. The target population was selected 

from patients referred to the radiology department of 

Modarres Hospital from the endocrinology clinics of 

Modarres and Loghman Hospitals between 2013 and 

2014. Subclinical hypothyroid patients were identified 

based on the clinical assessment of an endocrinologist. 

Exact laboratory data (TSH, FT4) were not available. 

Newly diagnosed patients without any history of re-

ceiving treatment for HT, who were either euthyroid or 

sub-clinically hypothyroid at the time of sonography, 

were included. Forty-eight females recently diagnosed 

with HT aging between 20 and 50. All the participants 

underwent Gray-scale (determining gland size, volume, 

and echogenicity) and color Doppler (evaluating vascu-

larity and calculating RI of each lobe in 2 points) so-

nography by 1 radiology resident using a Medison X8 

sonography device with a 7 MHz probe. Thyromegaly 

in females was defined as thyroid gland volume ex-

ceeding 15 mL. Gray-scale findings were classified into 

4 grades (1–4) using the classification system intro-

duced by Sostre and Reyes (Sostre S., Reyes M.M., 

1991). Color Doppler findings were divided into 4 pat-

terns (0–III) based on a visual scale provided by Schulz 

et al., 2003. The settings of the ultrasound equipment 

(gain and PRF) were calibrated such that aliasing of the 

carotid artery and jugular vein could not be seen. The 

RI (minimum PRF and maximum gain) of both upper 

and lower poles of each thyroid lobe were calculated by 

the ultrasound device using the formula below and the 

mean RI measured from both lobes was considered as 

the total RI of the thyroid gland. In addition, 45 controls 

aged between 20 and 70 years with normal thyroid la-

boratory results and without any prior history of thyroid 

disease were examined sonographically and the RI of 

those participants whose Gray-scale results proved to 

be normal was measured in 3 different points in each 

lobe. The mean RI of each participant from each of 

these 2 groups was calculated and compared to the 

mean RI of the control group. 

Based on the definition provided by the World 

Health Organization, out of every 48 patients with HT, 

30 (62.5%) had a normal thyroid gland volume (thyroid 

gland volume < 15mL) and 18 had thyromegaly (thy-

roid gland volume > 15mL). Based on the Gray-scale 

grading, 13 patients (27.08%) were classified as grade 

1, 12 patients (25.00%) as grade 2, 18 patients (37.50%) 

as grade 3, and 5 patients (10.42%) as grade 4. The 

parenchymal vascularity of the thyroid gland (color 

Doppler appearance) presented as pattern 0 in 22 pa-

tients (45.83%), pattern I in 15 patients (31.25%), pat-

tern II in 6 patients (12.5%), and pattern III in in 5 pa-

tients (10.42%). The RI ranged between 0.50 and 0.70 

in the patient group and 0.47 and 0.70 in the control 

group. The average RI in the patient group was 0.5733 

± 0.05012and 0.5453 ± 0.05061 in the control group. 

Independent t-testing of the average RI showed a statis-

tically significant difference between the patient and 

control groups (P = 0.009). The highest average RI was 

seen in Grade 1 (0.5808 ± 0.04173) and the lowest in 

Grade 4 (0.5500 ± 0.03808). One-way ANOVA of the 

average RI between different Gray-scale grading 

groups showed no statistically significant difference (P 

= 0.352). Furthermore, participants with grade 1 Gray-

scale findings were considered as part of the normal or 

near-normal group and those with grades 2, 3, and 4 as 

part of the substantial Gray-scale changes group. The 

average RI of the normal or near-normal group was 

0.5808 ± 0.04173 and 0.5706 ± 0.05319 in the substan-

tial Gray-scale changes group. Independent t-testing 

showed no statistically significant difference in average 

RI when comparing the normal or near-normal with the 

substantial Gray-scale changes group (P = 0.537). The 

highest RI was seen in pattern 0 of color Doppler find-

ings (0.5845 ± 0.04828) and the lowest in pattern II 

(0.5300 ± 0.04817). ANOVA results showed no statis-

tically significant difference in average RI among dif-

ferent groups of color Doppler findings (P = 0.109). 

Results of Kruskal–Wallis test followed by pairwise 

comparisons showed a statistically significant relation-

ship in terms of average RI between the grade 1 patient 

group and control group (P = 0.010) and between the 

grade 3 patient group and control group (P = 0.015). 

But the same comparison showed no statistically sig-

nificant relationship between the grade 2 patient group 

and control group (P = .406) and between the grade 4 

patient group and control group (P = 0.752). Results of 

Kruskal–Wallis test followed by pairwise comparisons 

showed a statistically significant relationship in terms 

of average RI between the pattern 0 patient group and 

control group (P = 0.003) and between the pattern I pa-

tient group and control group (P = 0.034). But the same 

comparison showed no statistically significant relation-

ship between the pattern II patient group and control 

group (P = .418) and between the pattern III patient 

group and control group (P = 0.381). Summarizing the 

study, the authors state that the results of this study 

show that, regardless of gray-scale views and color 

Doppler patterns, the intraparenchymal RI of patients 

diagnosed with HT was higher compared to normal 

controls and, thus, this sonographic parameter may be 

a useful yet noninvasive modality in the diagnosis of 

HT [10]. 

It is impossible to ignore technological develop-

ments and the increasingly active development of thy-

roid ultrasound examination using artificial intelligence 

(AI). 

In the clinical trial by Edström A.B. et al. [11] it 

was examined how the articifial intelligence (AI)-based 

diagnostics system S-Detect (this is a built-in AI feature 

in ultrasound machines that helps the doctor analyze the 

detected formations) for Thyroid influences the ultra-

sound diagnostic work-up of thyroid ultrasound per-

formed by different ultrasound users in clinical practice 

and how different ultrasound users influences the diag-

nostic accuracy of S-Detect. The researchers conducted 

a clinical trial with 20 participants, including medical 
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students, ultrasound novice physicians, and ultrasound 

experienced physicians. Five patients with thyroid nod-

ules (one malignant and four benign) volunteered to un-

dergo a thyroid ultrasound scan performed by all 20 

participants using the same ultrasound systems with S-

Detect installed. Participants performed a focused thy-

roid ultrasound on each patient case and made a nodule 

classification according to the European Thyroid Imag-

ing Reporting And Data System (EU-TIRADS) [12]. 

They then performed a S-Detect analysis of the same 

nodule and were asked to re-evaluate their EU-

TIRADS reporting. From the EU-TIRADS assessments 

by participants, authors derived a biopsy recommenda-

tion outcome of whether FNAB was recommended. 

In this clinical trial, our colleagues observed that 

using S-Detect did not improve the thyroid diagnostic 

work-up of thyroid nodules among novice and interme-

diate ultrasound operators. Furthermore, they observed 

that the operator had a strong impact on the AI-

generated ultrasound diagnosis, with a variation in di-

agnostic accuracy ranging from 40 to 100%, even 

though the same patients and ultrasound machines were 

used in the trial. A strength of this study is the con-

trolled experimental setup, including participants with 

different ultrasound experiences who used S-Detect on 

the same ultrasound equipment and patient cases. In 

this way, we could measure the impact of the ultra-

sound operator’s influence on the diagnostic accuracy 

of AI-assisted thyroid nodule diagnosis and how AI in-

fluenced the operator’s assessments. Another strength 

is that we had a cytological/histological diagnosis on all 

the patients, and three experts were used to define the 

reference standard for the ultrasound characteristics. 

The authors believe that for AI-assisted ultrasound di-

agnosis to be successfully implemented in clinical set-

tings, the technology should be developed with a clear 

purpose as a tool for the clinician in mind. Future re-

search should focus more on how AI-assisted tools are 

affected by the image quality obtained by the ultra-

sound operator and how they affect the diagnostic pro-

cess, including time use and patient outcomes. In con-

clusion, they observed that using S-Detect did not en-

hance the diagnostic accuracy of thyroid nodule 

evaluation among novice and intermediate ultrasound 

operators. The operator significantly influenced the AI-

generated ultrasound diagnosis, with diagnostic accu-

racy ranging from 40 to 100%, despite the same pa-

tients and ultrasound machines used. While AI systems 

like S-Detect have the potential to improve the diagnos-

tic work-up of thyroid nodules, more research is needed 

to ensure how it should be used in the diagnostic pro-

cess to save time and improve final patient outcomes 

[11]. 

A fundamental study concerning multimodal im-

aging of solid thyroid lesions was conducted by Jung 

E.M. et al. [13]. Goal of the study was the assessment 

of AI-assisted diagnosis of solid thyroid foci with mul-

timodal modern ultrasound imaging. 50 patients (26–

81 years, 54.7±13.1 years) were included in the study. 

Multimodal ultrasound imaging by means of B-mode 

with linear probe (4–12 MHz) with option of automated 

documentation of findings by means of AI, with sup-

plementary ultra-microangiography (UMA) was used. 

Macrovascularisation was assessed by dynamic con-

trast ultrasonography (CEUS) with parametric evalua-

tion and perfusion analysis, and microvascularization 

was assessed by combined strain and shear wave elas-

tography on a novel high-performance ultrasound sys-

tem (Resona R9/Mindray) by an experienced examiner 

with independent reading. The evaluation was per-

formed according to TI-RADS III-V. Inclusion crite-

rion was preparation for immediate surgery by indica-

tion through interdisciplinary case conferences with en-

docrinologic, nuclear medicine, and surgical 

evaluation. All examinations with CEUS were per-

formed after written consent. The evaluation of the ex-

aminations was performed retrospectively with the ap-

proval of the local ethics committee. The examinations 

were requested after preliminary examinations by spe-

cial outpatient clinics with the question of the assess-

ment of solid thyroid lesions that had been noticed in 

out-of-town preliminary examinations. An evaluation 

according to TI-RADS III-V had to be performed and 

it had to be decided to what extent a histological clari-

fication was necessary or whether a follow-up should 

be performed. All examinations were performed by an 

experienced investigator (more than 3000 examinations 

per year, over more than 20 years) using a linear mul-

tifrequency probe (L 4–12 MHz) on high-performance 

ultrasound equipment with digital image documenta-

tion. This allowed independent subsequent evaluation 

by experienced readers. According to the predefined 

scheme of an AI image evaluation program, both thy-

roid lobes were measured in longitudinal and transverse 

axis with length, depth and width, the volume was cal-

culated, the echogenicity was evaluated as homogene-

ous, discrete inhomogeneous or inhomogeneous and 

the echo pattern was judged as echo-complex or echo-

normal. The ultrasound elastography techniques avail-

able in parallel mode as strain or shear wave elas-

tography were used to assess compaction of thyroid tis-

sue and solid foci. The pulsatile region of a carotid ar-

tery was bypassed as much as possible to avoid 

artifacts. Image quality could be assessed automati-

cally, optimally with 5 green stars. False colors in-

formed about homogeneous or inhomogeneous com-

paction. Measured values over individually adjusted 

ROI could be recorded in m/s or kPA, with val-

ues > 2.5 m/s or > 30 kPA considered suspicious for pos-

sible malignant lesions. 

Detectable solid lesions were also measured by AI 

in three planes, and the rim contour was bypassed for 

volumetric detection. Then, marginal contour had to be 

assessed as regular, lobulated or irregular, rim as com-

plete or incomplete, or absent, growth axis, parallel or 

directed in depth, shape as oval or roundish, and possi-

ble macro- or microcalcifications and entered into a 

predetermined scheme. After localization of the suspi-

cious lesion, the evaluation according to TI-RADS III-

V was then color-coded in a final scheme with topo-

gram. This then also considers a possible tumor vascu-

larization, as irregular malignancy-suspicious, or as 

regular marginal benign. UMA was used to assess the 

vascularization of tumor foci in as much detail as pos-

sible with velocity ranges < 10 cm/s. Vascular patterns 

were recorded dynamically in short cine loops up to 

10 s. This also captured possible conspicuous lymph 
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nodes with regular benign vascularization from the hi-

lus or malignancy-typical from the margin. Macrovas-

cularization of thyroid lobes and foci was classified as 

normal, enhanced, or decreased, and that of foci as reg-

ular or irregular. Color-coded duplex sonography, flow 

with glazing flow, and UMA were used for this pur-

pose. The criterion for benign findings was a regular 

vascular pattern, especially a marginal vascularization, 

for example in adenomas. Irregular vascularization was 

considered suspicious for malignancy. This was then 

additionally investigated with CEUS to determine the 

extent to which irregular arterial hypervascularization 

with delayed wash out occurs, which is evaluated as a 

malignancy criterion. CEUS after bolus administration 

of 1 to 1.5 ml of sulphuhexafluoride microbubbles with 

10 ml of saline solution cubital, if possible, was used to 

assess dynamic microvascularization of the suspicious 

solid lesions. When possible, cine loops of incipient ar-

terial vascularization after 10 to 15 s up to one minute 

were then evaluated parametrically and by time inten-

sity curve using the High-End Devices internal perfu-

sion program. ROI were individually matched, in the 

center, at the edge of the lesion to be assessed compared 

with surrounding thyroid tissue. Parametric color maps 

were fitted to the corresponding perfusion parameters 

such as time to peak, peak, mean transit time, wash in 

area under the curve (wash in AUC) and tabulated at 

the end [13]. 

50 cases (26–81 years, mean age: 43±7 years) 

were examined with multimodal imaging consisting of 

B-mode, UMA, elastography and CEUS with paramet-

ric and perfusion analysis with good to very good im-

age quality in all cases, according to the internal evalu-

ation mode especially in the shear wave elastography 

technique with clearly > 85% or 5 green stars. The vol-

ume of the thyroid lobes on both sides averaged 

39 ml±5 ml (27 to 69 ml). All echo-poor, irregularly vas-

cularized, inhomogeneously indurated lesion > 1 cm 

were identified as highly suspicious for malignancy 

with early wash out kinetics and were also confirmed 

surgically. The 13 cases of histologically confirmed 

thyroid carcinoma (8 papillary, 2 medullary, 2 micro-

follicular, 1 anaplastic carcinoma) with a mean size of 

15 mm±6 mm (9–21 mm) were correctly evaluated by 

TI-RADS IV based on irregular shape, indura-

tion > 2.5 m/s or > 30kPA and appositional wash-out ki-

netics using CEUS (TI-RADS V). Tumor lymph nodes 

could be correctly detected preoperatively only in one 

case of medullary carcinoma according to the surgical 

findings, based on irregular vascularization with UMA 

in roundish shape with cortex > 4 mm with a transverse 

diameter up to 11 mm. In 25 cases of inhomogeneous 

nodular goiter, evaluation with TI-RADS III was per-

formed in 31 cases, evaluation with TI-RADS IV was 

performed in 4 cases with incomplete marginal contour, 

partial marginal vascularization with UMA and partial 

wash out with indurations up to 2.5 m/s or 30 kPA, and 

surgical excision was performed for nodular goiter. In 

12 cases of adenomas with diameters of 1.7 to 3.5 cm, 

mean 26 cm±0.5 cm, nodular goiter resulted in propor-

tionately regressive nodular changes. Only in 7/12 

cases a typical echo-poor rim and a typical rim vascu-

larization were found. In 5 cases, the rim was incom-

plete. CEUS also showed a partial central wash out in 

these cases with but preserved marginal vascularization 

and elastography revealed partial induration up to 

2.5 m/s or 30 kPA an assessment with TI-RADS III or 

IV rating. Using the AI tool, the 20 of 25 goiter nodes 

were evaluated as TI-RADS III, 7 of 12 adenomas, 5 

goiter nodes and 5 adenomas as TI-RADS IV, 5 of 13 

carcinomas as TI-RADS IV and 8 of 13 carcinomas as 

TI-RADS V. Microcalcification as a definite malig-

nancy criterion was automatically detected in 5 of 13 

malignancies, an echo-poor irregular echo structure in 

all cases, and in intracystic tumors in 2 cases. The shape 

was irregular in all cases, proportionately lobulated, but 

oriented in depth in only 8 of 13 cases. Of the 25 struma 

nodules evaluated as possibly also malignant, partial 

necrosis and inhomogeneous microvascularization 

with also induration on elastography occurred in all 

cases. For 37 patients both classifications were identi-

cal. From the 12 cases, histologically classified as TI-

RADS V, 11 were also classified as TI-RADS V by the 

AI-based diagnosis. Of the 13 remaining cases in which 

there were discrepancies between the two methods, 12 

were histologically confirmed grade 3 carcinoma. Us-

ing AI-based diagnostic they were classified at least 

one grade higher by AI (n = 12, including 2 two grades 

higher) and in one case a histologically confirmed as 

TI-RADS V case one grade lower. During the course of 

the work, the authors established the new multimodal 

ultrasound modalities offer the possibility of early de-

tection of malignant foci. Multicenter evaluation is 

needed to evaluate the possibility of additional AI in 

terms of differentiation from TI-RADS III to TI-RADS 

V [13]. 

In conclusion, it is worth noting that modern thy-

roid ultrasound diagnostics is a high-tech, multi-level 

system for assessing structural and functional changes 

in the organ, providing high clinical information value 

in identifying thyroid lesions, including solitary or mul-

tinodular thyroid nodules, inflammatory processes, and 

tumors. B-mode diagnostic ultrasound remains the pri-

mary method, allowing for the assessment of size, con-

tours, echogenicity, echostructure, and calcifications, 

as well as precise ROI selection for subsequent quanti-

tative analysis. 

In thyroid cancer diagnostics, ultrasound risk 

stratification based on the TI-RADS standardizes de-

scriptions and defines indications for fine needle aspi-

ration biopsy, improving the clinical validity of inva-

sive interventions. The additional use of Color Doppler 

ultrasound and microcirculation imaging technologies, 

including UMA and ultra-microvascular imaging tech-

nology, enables detailed analysis of the vascular pattern 

of nodular lesions. Evaluation of hemodynamic param-

eters such as PRF, PSV, EDV, PI, and RI expands the 

possibilities for differentiating between benign and ma-

lignant processes. 

Elastography significantly contributes to in-

creased diagnostic specificity, including the quantita-

tive elastography ratio, which reflects tissue mechani-

cal properties and the degree of fibrosis. This method is 

particularly informative in chronic inflammatory dis-

eases such as autoimmune thyroiditis, including the 

most common form, HТ, as well as in conditions ac-

companied by hypothyroidism. A comprehensive as-
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sessment of ultrasound features, combined with labor-

atory values for thyroid-stimulating hormone and free 

thyroxin, provides a comprehensive picture of the func-

tional state of the thyroid gland. 

A promising approach is CEUS, which allows for 

the analysis of the perfusion characteristics of lesions. 

The concept of multimodal imaging, consisting of B-

mode, UMA, elastography, and CEUS, significantly 

improves diagnostic accuracy by integrating morpho-

logical, vascular, and biomechanical parameters. 

The implementation of computer-assisted diagno-

sis (CAD) systems and artificial intelligence algorithms 

enables automated image processing, objectivization of 

ROI assessment, and reduction of operator dependence. 

The use of intelligent technologies contributes to the 

improvement of positive predictive value (PPV) and 

negative predictive value (NPV), increasing the relia-

bility of risk stratification and clinical decisions. 

Thus, the integration of B-mode, Doppler tech-

niques, microangiographic technologies, elastography, 

contrast-enhanced ultrasound, and digital analysis algo-

rithms forms the modern standard for comprehensive 

thyroid ultrasound examination. Ultrasound diagnostic 

techniques for various thyroid pathologies in general, 

and thyroid cancer in particular, are an important link 

in the specialty of "Radiology." Their high information 

content, sensitivity, and specificity often allow for an 

accurate diagnosis without resorting to more complex 

examination methods, which often carry a fairly high 

risk of complications and/or radiation exposure, and 

make it possible to conduct targeted, specialized treat-

ment for these patients. 

 

References: 

1 Klinicheskij protokol diagnostiki i lecheniya 

«Zlokachestvennye novoobrazovaniya shchitovidnoj 

zhelezy» - Odobreno Ob"edinennoj komissiej po 

kachestvu medicinskih uslug Ministerstva zdra-

voohraneniya Respubliki Kazahstan ot «24» yanvarya 

2025 goda, Protokol №223 – 23 s (In Russ.). 

2 Klinicheskij protokol diagnostiki i lecheniya 

«Gipotireoz u vzroslykh» - Odobreno Ob"edinennoj 

komissiej po kachestvu medicinskih uslug Ministerstva 

zdravoohraneniya Respubliki Kazahstan ot «18» 

avgusta 2017 goda, Protokol №26. – 10 s (In Russ.). 

3 Klinicheskij protokol diagnostiki i lecheniya 

«Gipotireoz u detei» - Odobreno Ob"edinennoj 

komissiej po kachestvu medicinskih uslug Ministerstva 

zdravoohraneniya Respubliki Kazahstan ot «18» 

avgusta 2017 goda, Protokol №26. – 14 s (In Russ.). 

4 Klinicheskij protokol diagnostiki i lecheniya 

redkih opuholej (raka shchitovidnoj zhelezy) u detej - 

Odobreno Ob"edinennoj komissiej po kachestvu 

medicinskih uslug Ministerstva zdravoohraneniya i so-

cial'nogo razvitiya Respubliki Kazahstan ot «13» 

iyulya 2016 goda Protokol № 7. – 34 s (In Russ.). 

5 Zhou H, Liu B, Liu Y, Huang Q, Yan W. Ultra-

sonic Intelligent Diagnosis of Papillary Thyroid Carci-

noma Based on Machine Learning. J Healthc Eng. 2022 

Jan 10;2022:6428796. doi: 10.1155/2022/6428796. Re-

traction in: J Healthc Eng. 2023 Nov 29;2023:9854690. 

doi: 10.1155/2023/9854690.  

6 Kennedy E, Zhang Y, Qadadha Y, Cheng C, 

Adil A, Bach K, Smith D, Arroyo N, Fernandes-Taylor 

S, Gettle LM, Mayer AM, Francis DO, Chiu AS. Rates 

of Detecting Thyroid Nodules Recommended for Bi-

opsy with Ultrasound: Are All Indications Equal? Thy-

roid. 2023 Dec;33(12):1434-1440. doi: 

10.1089/thy.2023.0234. 

7 Wu J, Zhan T, Sun H, Wang F. The Application 

Value of SMI Technology and Contrast-Enhanced Ul-

trasound in the Differential Diagnosis of Benign and 

Malignant Thyroid Nodules. Contrast Media Mol Im-

aging. 2022 Aug 25;2022:6157026. doi: 

10.1155/2022/6157026. Retraction in: Contrast Media 

Mol Imaging. 2023 Oct 4;2023:9867806. doi: 

10.1155/2023/9867806.  

8 Jacome CS, Garcia A, Golembiewski E, Loor-

Torres R, Duran M, Segura D, Toro-Tobon D, Fan JW, 

Singh Ospina N, Brito JP. Physical Examination of the 

Thyroid: Accuracy in Detecting Thyroid Nodules and 

Frequency of Additional Findings. Endocr Pract. 2024 

Jan;30(1):31-35. doi: 10.1016/j.eprac.2023.10.002. 

9 Angelopoulos N, Goulis DG, Chrisogonidis I, 

Livadas S, Iakovou I. Color Doppler ultrasound and 

real-time elastography in patients with hypothyroidism 

for the prediction of levothyroxine replacement: a 

cross-sectional study of 338 patients. J Ultrasound. 

2024 Jun;27(2):363-373. doi: 10.1007/s40477-024-

00876-x. 

10 Soltani K, Keshavarz E, Pouya EK, Jamali R, 

Langroudi TF, Haseli S. The role of resistive index in 

the diagnosis of Hashimoto thyroiditis: A cross-sec-

tional study. Medicine (Baltimore). 2025 Apr 

4;104(14):e41933. doi: 

10.1097/MD.0000000000041933. 

11 Edström AB, Makouei F, Wennervaldt K, 

Lomholt AF, Kaltoft M, Melchiors J, Hvilsom GB, 

Bech M, Tolsgaard M, Todsen T. Human-AI collabo-

ration for ultrasound diagnosis of thyroid nodules: a 

clinical trial. Eur Arch Otorhinolaryngol. 2025 

Jun;282(6):3221-3231. doi: 10.1007/s00405-025-

09236-9. 

12 Russ G, Bonnema SJ, Erdogan MF, Durante C, 

Ngu R, Leenhardt L. European Thyroid Association 

Guidelines for Ultrasound Malignancy Risk Stratifica-

tion of Thyroid Nodules in Adults: The EU-TIRADS. 

Eur Thyroid J. 2017 Sep;6(5):225-237. doi: 

10.1159/000478927. 

13 Jung EM, Stroszczynski C, Jung F. Advanced 

multimodal imaging of solid thyroid lesions with artifi-

cial intelligence-optimized B-mode, elastography, and 

contrast-enhanced ultrasonography parametric and 

with perfusion imaging: Initial results. Clin Hemorheol 

Microcirc. 2023;84(2):227-236. doi: 10.3233/CH-

239102. Retraction in: Clin Hemorheol Microcirc. 

2025 Nov 23:13860291251390410. doi: 

10.1177/13860291251390410.  

  


