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Abstract
Ultrasound (US) of the thyroid has been used as a diagnostic tool since the late 1960s. US is the most important imaging tool 
for diagnosing thyroid disease. In the majority of cases a correct diagnosis can already be made in synopsis of the sonographic 
together with clinical findings and basal thyroid hormone parameters. However, the characterization of thyroid nodules 
by US remains challenging. The introduction of Thyroid Imaging Reporting and Data Systems (TIRADSs) has improved 
diagnostic accuracy of thyroid cancer significantly. Newer techniques such as elastography, superb microvascular imaging 
(SMI), contrast enhanced ultrasound (CEUS) and multiparametric ultrasound (MPUS) expand diagnostic options and tools 
further. In addition, the use of artificial intelligence (AI) is a promising tool to improve and simplify diagnostics of thyroid 
nodules and there is evidence that AI can exceed the performance of humans. Combining different US techniques with the 
introduction of new software, the use of AI, FNB as well as molecular markers might pave the way for a completely new 
area of diagnostic accuracy in thyroid disease. Finally, interventional ultrasound using US-guided thermal ablation (TA) 
procedures are increasingly proposed as therapy options for benign as well as malignant thyroid diseases.
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Abbreviations
AI	� Artificial intelligence
ARFI	� Acoustic radiation force imaging
B-mode	� Brightness mode
CAD	� Computer-aided diagnosis
CEUS	� Contrast enhanced ultrasound
CFD	� Color flow Doppler
DL	� Deep learning
EA	� Ethanol ablation
ETA	� European Thyroid Association
FNB	� Fine needle biopsy
FTC	� Follicular thyroid carcinoma
ML	� Machine learning
MPUS	� Multiparametric ultrasound

MTC	� Medullary thyroid carcinoma
NPV	� Negative predictive value
PPV	� Positive predictive value
PRF	� Pulse repetition frequency
PTC	� Papillary thyroid carcinoma
PTMC	� Papillary thyroid microcarcinoma
RFA	� Radiofrequency ablation
SE	� Strain elastography
SMI	� Superb microvascular imaging
SWE	� Shear-wave elastography
TA	� Thermal ablation
THI	� Tissue harmonic imaging
TIC	� Time-Intensity-Curve
TIRADS	� Thyroid Imaging Reporting and Data Systems
US	� Ultrasound
USE	� Ultrasound elastography

1 � Introduction and technical aspects

Ultrasound (US) of the thyroid has been used as a diagnostic 
tool since the late 1960s [1] and is nowadays well estab-
lished for a variety of indications and applications. US is 
the most sensitive imaging test available for the examination 
of the thyroid gland and the estimation of its size, to detect 

 *	 Joerg Bojunga 
	 joerg.bojunga@kgu.de

1	 Department of Medicine I, Goethe University Hospital, 
Theodor‑Stern‑Kai 7,  Frankfurt am Main 60590, Germany

2	 Servizio di Endocrinologia e Diabetologia, Ospedale 
Regionale di Lugano, Ente Ospedaliero Cantonale (EOC), 
Lugano, Switzerland

3	 Facoltà di Scienze Biomediche, Università della Svizzera 
Italiana (USI), Lugano, Switzerland

http://orcid.org/0009-0002-5681-5287
http://orcid.org/0000-0002-2125-4937
http://crossmark.crossref.org/dialog/?doi=10.1007/s11154-023-09841-1&domain=pdf


162	 Reviews in Endocrine and Metabolic Disorders (2024) 25:161–173

1 3

and characterize focal lesions [2], accurately calculate their 
dimensions, identify the internal structure and vasculariza-
tion using color Doppler imaging (CFD) [3] and evaluate 
diffuse changes in the thyroid parenchyma [4]. Thyroid US 
is able to confirm the presence of a thyroid nodule as well 
as other lesions or masses and is superior compared to the 
traditional physical examination using palpation [5]. In addi-
tion, US can be used for interventional procedures of the 
thyroid [6].

Over the last decades, ultrasound techniques have 
improved greatly: starting with low-resolution B-Mode 
ultrasound in the 1970 [7], the introduction of compound 
spatial sonography was an important step to optimize visu-
alization of tissues such as the thyroid. Compound spatial 
sonography uses multiple sonograms obtained from differ-
ent imaging angles to produce a single improved sonogram 
by obtaining images from several different imaging angles 
and combines them into a single image at real-time frame 
rates. The benefits of compound spatial thyroid sonography 
relate to reduction of image artifacts and noise and improved 
depiction of tissue boundaries [8]. The introduction of tissue 
harmonic imaging led to a further improved evaluation of 
tissue and especially nodule visualization on US [9]. Har-
monic imaging exploits non-linear propagation of ultrasound 
through the body tissues. The high-pressure portion of the 
wave travels faster than the low-pressure portion resulting in 
distortion of the shape of the wave. This change in waveform 
leads to the generation of harmonics (multiples of the funda-
mental or transmitted frequency) from a tissue. At present, 
the 2nd harmonic is being used to produce the image because 
the subsequent harmonics are of decreasing amplitude and 
insufficient to generate a proper image [10]. Doppler ultra-
sound (CFD) is an imaging technique that exploits the shift 
in the frequency of US waves when they are reflected by 
moving blood (the Doppler effect) [11]. Doppler US can 
provide information on perithyroidal vessels and the vascu-
larity of thyroid lesions and is widely used in daily practice 
for the evaluation of thyroid disease alongside gray-scale 
US [3]. US elastography (USE) can be used to assess the 
mechanical features of tissue elasticity [12]. USE has there-
fore been referred to as "electronic palpation" because it 
provides a reproducible assessment of tissue consistency. 
Depending on which physical quantities are measured, there 
are two main thyroid elastography methods in clinical prac-
tice: strain elastography (SE) and shear-wave elastography 
(SWE). They can be classified into different variants based 
on the excitation method (external force, internal force, 
and acoustic radiation force [ARF]) and how stiffness is 
expressed [13]. Elastography is ideal for measuring the tis-
sue stiffness of the thyroid gland as well as focal lesions [14, 
15]. Contrast enhanced ultrasound (CEUS) uses contrast 
agents consisting of microbubbles containing air or vari-
ous gases within a shell [16]. When a US contrast agent is 

administered into the vasculature, it enhances the backscatter 
of the ultrasound waves by resonance within sonic windows. 
This results in a marked amplification of the signals from 
the blood flow and provides additional information about the 
microvasculature and perfusion. CEUS has been intensively 
studied in thyroid ultrasound, especially for the characteriza-
tion of nodules [17, 18].

2 � Epidemiology and indications  
for thyroid ultrasound

Abnormal thyroid function [19] and diffuse as well as focal 
thyroid abnormalities are common findings in the general 
population [20]. Ultrasonography is the most important 
imaging tool for diagnosing thyroid disease. In the majority 
of cases a correct diagnosis can already be made in synopsis 
of the sonographic together with clinical findings and basal 
thyroid hormone parameters and an appropriate therapy can 
be initiated thereafter. This applies in particular for goiter, 
Graves´ disease, Hashimoto´s disease, silent and postpartal 
thyroiditis etc.

Due to the expanding use of imaging techniques, the prev-
alence of thyroid nodules has also increased significantly: it 
is around 50–70% for ultrasound [21, 22]. However, the risk 
of malignancy for incidentally diagnosed thyroid nodules is 
low and only 0.3–5% [23, 24] – but significantly dependent 
on risk factors and preselection parameters. In addition, the 
risk of dying from thyroid cancer over the next 10 years is 
very low.

In clinical practice, the issue arises of the problem of the 
high number of ultrasound-diagnosed thyroid nodules with a 
quite low risk of malignancy. The greater availability of US-
devices per se has already led to an increase in thyroid cancer 
rates, mostly low-risk cancers [25]. However, this is even 
more relevant for screening programs: ultrasound screening 
for thyroid cancer has resulted in a massive increase in the 
discovery of thyroid malignancies, generally papillary micro-
carcinomas (PTMC) [26]. Concurrent with the increased 
number of thyroid surgery was a rise in the number of surgi-
cal complications: 11% resulted in postoperative hypopar-
athyroidism, 2% in recurrent laryngeal nerve palsy. On the 
other hand, mortality resulting from thyroid malignancies 
remained unchanged – a typical situation resulting from over-
diagnosis [27]. In addition, US screening had no impact not 
only on thyroid cancer mortality, but also not on detecting 
other subtypes or thyroid cancer [28]. Furthermore, in coun-
tries without screening programs such an increase in the 
diagnosis of thyroid carcinoma has not been observed [27]. 
Finally, the long-term prognosis seems to be similar between 
incidental and non-incidental diagnosed at least for PTMC 
of thyroid cancer, as long as there are no symptoms suspi-
cious for metastases [29]. As a consequence, some authors 
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recommended to stop over-reporting normal findings and 
update consensus guidelines [30] or even asked whether it is 
time to turn off the US machines in general [31].

Therefore, although it sounds almost too banal: there 
should be an indication for carrying out an US examina-
tion of the thyroid. The US Preventive Services Task Force 
(USPSTF) for example recommends against screening for 
thyroid cancer in asymptomatic adults (D recommendation) 
[32]. According to guidelines [33, 34], besides patients with 
abnormal thyroid function tests or local symptoms thyroid 
ultrasound is recommended in: a) All patients with a pal-
pable thyroid nodule or with multinodular goiter; b) High-
risk patients for thyroid malignancy e.g. a history of familial 
thyroid cancer, multiple endocrine neoplasia (MEN) type II 
or irradiated neck in childhood; c) Patients with palpable 
cervical adenopathy suspicious for malignancy; d) in the 
follow-up and monitoring of thyroid nodules. On the other 
hand, thyroid ultrasound is generally not recommended in 
patients with a normal thyroid on palpation, normal thyroid 
function and low risk of thyroid cancer as well as a screening 
test in the general population.

3 � Ultrasound for diagnosing thyroid 
nodules and thyroid cancer

In recent decades, numerous individual sonographic criteria 
for malignancy of thyroid nodules with varying sensitivity 
and specificity have evaluated and validated. These criteria 
include echogenicity, hypoechoic rim (halo), shape, mar-
gins, calcification, vascularization, size, number, composi-
tion as well as stiffness [35, 36]. However, since no single 
sonographic criterion is sufficiently sensitive and specific 
to evaluate malignancy, combinations or clusters of criteria 
have been investigated. Numerous classifications systems 
have been developed in order to establish standardized US-
findings descriptions that improve the prediction of malig-
nancy and provide uniform recommendations regarding situ-
ations in which a FNAB should be performed. To this end 
several so called “Thyroid Imaging Reporting and Data 
System” (TIRADS) has been developed. Among the numer-
ous TIRADSs, the most commonly used are ATA [33], ACR-
TIRADS [37], EU-TIRADS [38], Korean TIRADS [39] and 
AACE/AME/ETA [34]. As a recent systematic review has 
shown [40], the number of publications about TIRADSs/risk 
stratification systems (RSSs) has importantly increased over 
the time, being the Horvath TIRADS [41] the most evalu-
ated one, which was one of the first TIRADS published in 
2009.

Within all these TIRADSs, the high-risk categories 
of all currently available RSSs display strong associa-
tions to cytological diagnostic classes of "malignant/
suspicious-for-malignancy" and the low-risk classes are 

clearly associated to "not neoplastic/benign" cytology 
[42]. The introduction of these systems has elevated the 
diagnostic performance of US to a level approaching that 
of fine-needle aspiration (FNA) cytology. The diagnostic 
accuracy of most of these TIRADSs is comparable with 
high sensitivity and negative predictive value for diagnos-
ing thyroid cancer, even in regions with iodine deficiency 
[43, 44]. ACR- TIRADS has been shown to be superior to 
a non-categorial traditional risk stratification and offers 
a meaningful reduction in the number of thyroid nodules 
recommended for biopsy and significantly improve the 
accuracy of recommendations for nodule management 
[45]. However, internationally endorsed sonographic risk 
stratification systems vary widely in their ability to reduce 
the number of unnecessary thyroid nodule FNAs: in one 
study ACR-TIRADS outperformed the others, classifying 
more than half the biopsies as unnecessary with a false 
negative rate of 2.2% [46]. The establishment of a new 
"international TIRADS"-currently in progress-will be 
critical to guide us towards a new era.

Most TIRADSs are based exclusively on criteria of 
B-mode sonography. New tools for the sonographic assess-
ment of thyroid nodules are the measurement of tissue 
stiffness using ultrasound, so-called elastography [47], and 
contrast-enhanced ultrasound (CEUS) [17]. In addition, 
TIRADS has some limitations. TIRADSs have mainly be 
evaluated to detect papillary thyroid cancer [48]. Further-
more, TIRADSs are not applicable in the presence of an 
autonomous adenoma [49]—this should be ruled out before-
hand, e.g. by a scintigraphy. TIRAD systems also do not 
appear to be sufficiently accurate in the detection of medul-
lary thyroid carcinomas [50, 51]. TIRADS therefore does 
not replace calcitonin measurement [52]. In addition to the 
sonographic criteria for malignancy, other risk factors such 
as age, sex, comorbidities and location of the nodules within 
the thyroid gland should always be taken into account [53].

Although there are clear recommendations when to per-
form a FNB according to nodule size and risk category in 
all TIRADS, there is only very limited evidence concerning 
the optimal US follow-up strategy of thyroid nodules classi-
fied as probably benign by TIRADS. While expert opinions 
currently recommends repeat evaluation of a sonographi-
cally and cytologically benign nodule at 1–2 years, one study 
demonstrated that this interval can be safely extended to 3 
years without increased mortality or patient harm [54]. Nod-
ule growth can be expected, though detection of malignan-
cies was unchanged in this study. However, a recent scoping 
review found that evidence comparing different ultrasound 
follow-up intervals in patients with benign thyroid nod-
ules is limited to one observational study, but suggests that 
the subsequent development of thyroid malignancies is 
very uncommon regardless of follow-up interval [55]. The 
authors also note that longer follow-up may be associated 
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with more repeat biopsies and thyroidectomies, which could 
be related to more interval nodule growth that meets thresh-
olds for further evaluation. Therefore, research is needed 
to clarify optimal ultrasound follow-up intervals for low to 
intermediate suspicion cytologically benign thyroid nodules 
and outcomes of discontinuing ultrasound follow-up for very 
low suspicion nodules.

4 � Online calculators and artificial 
intelligence (AI) for the evaluation 
of thyroid nodules

Online calculators can simplify and help to characterize thy-
roid nodules by the use of programmed algorithms. Clinical 
data and ultrasound criteria are systematically queried and 
the risk of malignancy is calculated. As an example, the 
“Nodule App” (https://​aace-​thyro​id.​deont​ics.​com) is com-
missioned by the task force and based on the updated 2016 
AACE/ACE/AME clinical practice guideline.

Artificial intelligence (AI) is defined as the ability of 
machines to apply human-like reasoning to problem solving 
[56]. Recent years have seen a rapid growth of AI in many 
disciplines. AI encompasses two related computational tech-
niques: machine learning (ML), in which computers learn by 
observing data provided by humans, and deep learning (DL), 
which employs neural networks that mimic brain structure 
and function to analyze data. Most AI platforms in thyroid 
disease have focused on malignancy risk stratification of 
nodules. Computer-aided diagnosis (CAD) systems are then 
being applied to the ultrasonographic diagnosis of malig-
nant thyroid nodules. As examples, a comparative analysis 
of two ML-based diagnostic patterns with ACR-TIRADS 
showed that the ML-assisted dual modalities visual approach 
can assist doctors to diagnose thyroid nodules more effec-
tively and considerably reduce the unnecessary FNB rate 
in the clinical management of thyroid nodules [57]. One 
study demonstrated that an ACR-TIRADS-based DL could 
improve the differentiation of malignant from benign thyroid 
nodules and had significant potential for clinical application 
on TR4 and TR5 [58]. In another study, a DL model to assist 
thyroid nodule diagnosis and management (ThyNet) assisted 
strategy significantly improved the diagnostic performance 
of US and helped reduce unnecessary fine needle aspirations 
for thyroid nodules [59].

In summary, although the results of some validation stud-
ies have been mixed, AI is a promising tool to improve and 
simplify diagnostics of thyroid nodules and there is evidence 
that AI can exceed the performance of some humans, par-
ticularly physicians with less experience [56].

Although CAD systems demonstrated good performance 
in diagnosing malignant thyroid nodules, experienced 

operators may still have an advantage over CAD systems 
during real-time diagnosis [60].

5 � Ultrasound for follow‑up of thyroid cancer

Sonography is one of the most important tools in post-
operative follow-up for thyroid carcinoma and is recom-
mended by all major medical societies. In older [61, 62] 
as well as more recent studies [63] US has shown its 
diagnostic performance for the detection of persistence 
or recurrence in different situations in the follow-up of 
thyroid carcinoma. Therefore, standardized protocols 
with documentation should be used in the follow-up 
of thyroid carcinoma by US. A full sonography should 
include examination of the thyroid bed [64, 65] and the 
cervical and lateral lymph node compartments [66]. The 
infrahyal muscles, trachea, esophagus, M. longus colli 
and the carotid artery as well as the cervical lymph node 
compartments serve as guiding structures. Due to postop-
erative changes in the context of wound healing, the sono-
graphic assessment of the thyroid bed and possibly the 
central lymph node compartments in particular is often 
limited within the first 3 months postoperatively. Smaller 
lesions can be found in this location due to edema or 
accumulation of fluids. In the case of lesions > 3 months 
postoperatively, differential diagnostics include granu-
lomas, neuromas, reactive lymph nodes and parathyroid 
glands (adenomas) [67]. More often, one also sees hyper-
echogenic suture material. A postoperative lesion in the 
thyroid bed will be classified as suspicious by sonography 
if it is hypoechogenic, cystic, poorly defined, more vas-
cularized or progressive in size over time (> 50% of the 
volume) or shows calcifications [64, 68, 69]. Lymph node 
metastases can also be detected in the thyroid bed. In the 
first two years postoperatively, thyroid cancer is often a 
persistent disease rather than a recurrence [70].

A classification of lymph nodes into the categories nor-
mal, indeterminate, and suspicious of malignancy using 
evaluated sonomorphological criteria is recommended. In 
addition, the localization of the lymph nodes in the central 
and lateral compartments must be specified according to 
an evaluated classification [66]. An important point is the 
postoperative ultrasound for the sonomorphological char-
acterization of the response to therapy as well as for risk 
stratification, which is recommended 6–12 months postop-
eratively. Retrospective studies show that risk stratification 
too early after total thyroidectomy or ablative radioiodine 
therapy has no advantage in this context [71, 72]. In one 
study, postoperative US 3–4 months after surgery was also 
the most sensitive method for detecting cervical LN metas-
tases and superior to the TG value [63].

https://aace-thyroid.deontics.com
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6 � Doppler ultrasonography (CFD) 
and superb microvascular imaging (SMI) 
for thyroid disease

Color flow Doppler ultrasound (CFD) imaging allows the 
identification of blood flow within thyroid tissue and focal 
lesions (Fig. 1). Doppler US is widely used to assist in the 
diagnosis of thyroid nodules, metastatic cervical lymph 
nodes in patients with thyroid cancer, and thyroiditis, as 
well as for the monitoring of thyroid interventions. Moreo-
ver, there is no risk of exposure to ionizing radiation. All 
Doppler US techniques except CEUS are non-invasive. 

In older studies, peripheral vascularization of a thyroid 
nodule was supposed to be a sign of benignity, in contrast 
to an intranodular vascularization as a sign of malignancy 
[73]. In addition, two meta-analyses [36, 74] demonstrated 
that primarily intranodular vascularization—with or with-
out perinodular vascularization – raises the likelihood of 
malignancy, whereas solely perinodular vascularization is 
considered a sign of benignity.

However, recent studies could not confirm these results 
[75, 76]. This is possibly due to differences in equipment 
and examiner-related aspects as well as device settings (par-
ticularly PRF). The diagnostic benefit of vascularization 

Fig. 1   Slightly hypoechogenic 
benign nodule in the right thy-
roid lobe with halo (upper part). 
Color flow Doppler ultrasound 
(lower part) with markedly 
increased peri- and intranodular 
vascularization.. Normal TSH, 
auton0my was excluded by 
scintigraphy
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in predicting malignancy therefore remains controversial. 
Although CFD was widely used in the past to characterize 
thyroid nodules, recent guidelines do not recommend the 
routine use of Doppler US for US malignancy risk strati-
fication of thyroid nodules [38]. In contrast, CFD plays an 
important role in the characterization of lymph nodes, where 
peripheral or diffusely increased vascularization is suspi-
cious of malignancy [66] as wells as in parathyroid adeno-
mas, where the detection of so called feeding vessels by 
CFD is an important indication of a parathyroid lesion [77].

As a new vascular imaging technology, superb micro-
vascular imaging (SMI) can visualize low-velocity blood 
flow [78]. Technically, SMI is an innovative Doppler tech-
nique for vascular examination and uses an intelligent algo-
rithm that efficiently separates low-speed flow signals from 
motion artifacts so that it can assess microvessels and the 
vessel distribution in more detail [79]. Compared with CFD, 
SMI can describe blood flow in more detail, and can obtain 
high-quality microvascular images without using contrast 
media, and it can also describe the blood flow around the 
sinus and in the nodule in more detail [80]. In malignant 
nodules, SMI depicted the presence of incomplete surround-
ing periphery microvasculature and of disordered hetero-
geneous internal microvasculature whereas benign nodules 
showed complete surrounding periphery microvasculature 
(ring sign) and homogeneity internal branching in this study. 
In recent years, the application of SMI was intensively 
studied in different organs, including thyroid nodules, and 
a recent meta-analysis concluded that the diagnostic effi-
ciency of SMI for malignant thyroid nodules is superior to 
CFD, and SMI technology can provide significantly more 
information on vascularity, make up for the deficiency of 
CFD, and has better clinical application value [81]. How-
ever, these studies have some significant limitations: most 
of the published studies are from China, which may lead 
to potential regional bias. Second, most of the studies are 
retrospective using mostly devices from a single company. 
Due to the insufficient number of studies with nodule diam-
eter < 1cm, the ability of SMI to differentiate and diagnose 
thyroid micronodules could not be evaluated. In addition, 
the methods of examination and diagnosis are not quantified, 
and there is no unified diagnostic standard or thresholds. 
Because of these limitations the diagnostic performance of 
SMI in differentiating benign and malignant thyroid nod-
ules must be evaluated further and prospective a large-scale 
multi-center study are needed.

7 � Elastography for thyroid disease

A classical criterion of malignancy of thyroid nodules is 
a hard consistency during palpation. The introduction of 
ultrasound-based methods for measuring tissue stiffness, 

i. e. elastography, has made a reproducible ultrasound- 
based method available. As mentioned above, depending 
on which physical quantities are measured, there are two 
main thyroid elastography methods in clinical practice: 
strain elastography (SE) and shear-wave elastography 
(SWE) that can be further classified into different variants 
based on the excitation method (external force, internal 
force, and acoustic radiation force [ARF]) and how stiff-
ness is expressed [13]. The use of elastography (USE) to 
differentiate thyroid nodules has been the subject of numer-
ous studies [82–85]. As one prospective multicenter study 
showed, B-mode ultrasound sensitivity for thyroid malig-
nancy is increased by real-time elastography [86]. Taken 
together, elastography shows high sensitivity and speci-
ficity for thyroid nodules [87–89]. Importantly, in addi-
tion to a high sensitivity and specificity, a high negative 
predictive value (NPV) is necessary for investigations of 
diseases with low prevalence such as thyroid carcinoma 
[90]. With an NPV of 93–99%, elastography has shown 
high value in ruling out a malignancy, even in prospective 
multicenter studies [91]. In one meta-analysis, the NPV, 
i.e. exclusion of malignancy, for predominantly soft or 
primarily soft nodules (Fig. 2) was 97%; for entirely soft 
nodules, 99% [92]. On the other hand, the positive pre-
dictive value (PPV) of USE is significantly lower, i.e., a 
hard nodule, depending on the study, is malignant in only 
30–50% of cases [93]. It is important, however, to empha-
size additional limitations of USE: it is not valid for exten-
sive macrocalcification and predominantly cystic nodules 
[94]. There should always be an overall clinical assessment 
including other criteria besides USE. Nevertheless, recent 
meta-analysis confirmed that USE is a useful imaging tool 
for thyroid nodule characterization and in accordance with 
recent guidelines and meta-analyses, the USE could be 
used daily in thyroid nodule malignancy risk stratification 
[95]. Guidelines recommend that elastography should not 
replace grayscale study, but it may be used as a comple-
mentary tool for assessing nodules for FNA, especially due 
to its high NPV [38].

It is important to realize that USE was studied primar-
ily in papillary thyroid cancer (PTC) (Fig. 3). In studies, 
USE was of limited value in diagnosing medullary thy-
roid carcinoma [96] and does not replace measurement 
of calcitonin. USE might also not be very helpful in diag-
nosing follicular thyroid cancer (FTC) or for the differ-
entiation of follicular adenomas from carcinomas, since 
FTC might be elastographically soft as well. Neverthe-
less, some studies assessed whether USE with strain ratio 
increases diagnostic accuracy of CFD in further charac-
terization of cytologically Thy3 thyroid nodules and found 
USE an useful additional tool to CFD, since it improved 
characterization of thyroid nodules with indeterminate 
cytology [97]. Another study evaluated the value of shear 
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wave elastography (SWE) in avoiding repeat fine-needle 
aspiration of thyroid nodules with nondiagnostic and unde-
termined cytology and found SWE a promising imaging 
method for reducing repeat FNAC for benign thyroid 
nodules with nondiagnostic and undetermined cytology 
when using standard deviation of the elasticity (ESD) as an 
index [98]. Finally, USE could not identify scintigraphi-
cally hyperfunctioning thyroid nodules as benign nodules 
reliably [99]. Autonomously functioning thyroid nodule 
may have variable elasticity at USE examination, being 
hard score associated with reduced/suppressed thyroid 
stimulating hormone [100].

The role of USE in other indications than nodules, for 
example diffuse thyroid diseases [101] or thyroiditis [102, 
103] remains controversial. In clinical practice, USE is rarely 
useful for these indications.

8 � Contrast enhanced ultrasound (CEUS) 
for thyroid disease

Contrast-enhanced ultrasound (CEUS) uses an intravenous 
agent that contains microbubbles. The contrast helps to see 
the flow of blood—and thus the perfusion—through organs 

Fig. 2   Two hypoechogenic nod-
ules in the right thyroid lobe, one 
partially cystic. Elastographically 
(predominantly) soft. Cytologi-
cally benign (Thy 2)

Fig. 3   Hypoechogenic, irregulary 
nodule in the right thyroid lobe. 
Elastographically hard. Cytologi-
cally and histologically PTC



168	 Reviews in Endocrine and Metabolic Disorders (2024) 25:161–173

1 3

and blood vessels. Numerous studies have used CEUS pri-
marily to differentiate thyroid nodules, including nodules < 1 
cm [104]. As for thyroid nodule malignancy risk stratifica-
tion by US, for acceptable accuracy in malignancy a com-
bination of several CEUS parameters should be applied: 
hypo-enhancement, heterogeneous, peripheral irregular 
enhancement in combination with internal enhancement 
patterns, and slow wash-in and wash-out curve lower than 
in normal thyroid tissue. In contrast, homogeneous, intense 
enhancement with smooth rim enhancement and “fast-in 
and slow-out” are indicative of the benignity of the thyroid 
nodule. [17, 105]. Studies have also shown an additional 
benefit of CEUS in addition to TIRADSs [106] and elas-
tography [107].

Even though overlapping features require further stand-
ardization, CEUS may achieve reliable performance in 
detecting or excluding thyroid cancer. It might also play a 
role in guiding ablation procedures of benign and malignant 
thyroid nodules and metastatic lymph nodes, and providing 
accurate follow-up imaging to assess treatment efficacy [17]. 
It might also have an indication for the characterization of 
parathyroid adenoms, which typically show a early arterial 
hyperperfusion [108] (Fig. 4).

However, CEUS is an invasive procedure using a sulfur-
based contrast medium intravenously, it´s time consuming 
and CEUS is significantly more expensive than standard 
sonography with no reimbursement in most countries. In 
addition, CEUS for the characterization of thyroid nodules is 
not approved in clinical practice by the guidelines, but only 
approved for research. In addition, several adverse reactions 
to common contrast media (seen in up to 1 in 100 patients) 
including headache, nausea, rash and reactions at the injec-
tion site up to allergic shock have been reported [109]. Sono-
Vue must not be injected into a vein in patients known to 
have right-to-left shunts, severe pulmonary hypertension, 
uncontrolled hypertension or adult respiratory distress syn-
drome (https://​www.​ema.​europa.​eu/ en/documents/over-
view/sonovue-epar-summary-public_en.pdf). It is therefore 
questionable whether CEUS will become established as a 

routine method for the assessment of thyroid nodules in the 
near future.

9 � Multiparametric sonographic imaging 
(MPUS) of thyroid lesions: chances 
of B‑mode, elastography and CEUS

As with risk stratification of thyroid nodules by US using 
TIRADS, the use of a combination of multiple US param-
eters might be useful to improve accuracy in detecting 
malignancy of thyroid nodules. This combined application 
of ultrasound techniques is called multiparametric ultra-
sound or MPUS. Multiparametric ultrasound consists of 
gray-scale B-mode, elastography and contrast enhanced 
ultrasound (CEUS) including Time-Intensity-Curve (TIC) 
analysis. MPUS has been applied in thyroid disease as 
well [110]. In a recent study, MPUS using a score based 
system of B-mode, shear-wave and CEUS malignancy cri-
teria showed promising results in the detection of thyroid 
carcinomas and reached a sensitivity of 95% and specific-
ity of 75.49% [111].

Although further and larger studies are needed to vali-
date this, combining different US techniques with the 
introduction of new software, the use of AI, FNB as well 
as molecular markers might pave the way for a completely 
new area of diagnostic accuracy in thyroid disease [112].

10 � Interventional ultrasound for  
thyroid disease

US-guided thermal ablation (TA) procedures are increas-
ingly proposed as therapy options for benign as well as 
malignant thyroid diseases. Initially, interventional US 
was mainly used to treat cysts with ethanol [113, 114] 
or polidocanol [115, 116] ablation, but over the years its 
use has expanded to other indications, including solid 
thyroid lesions and there are numerous recommendations 

Fig. 4   Hypoechogenic, taller 
than wide nodule (red arrow) 
in the left thyroid lobe (TG), 
close to the carotid artery 
(ACC) in a patient with known 
primary hyperparathyroidism 
and hypercalcemia; low MI 
B-mode. CEUS (right side) with 
early arterial hyperperfusion 
within the lesion (red arrow). 
Parathyroid adenoma with 
atypical localization within the 
thyroid (histologically proven). 
TR: trachea

https://www.ema.europa.eu/
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from different societies on this topic [6, 117–120]. As 
the European Thyroid Association stated [120], TA pro-
cedures are well tolerated, but a dedicated training of the 
operators is required and information on possible com-
plications needs to be shared with the patients. In addi-
tion, several factors should be considered when weighing 
between observation, surgery, and TA for benign thy-
roid nodules: In solid non-hyperfunctioning nodules, TA 
induces a decrease in thyroid nodule volume, paralleled 
by improvement in symptoms. Nodule re-growth is pos-
sible over time and may necessitate repeat treatment, or 
surgery, in a dialogue with the patient. In autonomously 
functioning thyroid nodules (AFTN), radioactive iodine 
remains the first-line treatment, but TA may be consid-
ered in young patients with small AFTN due to higher 
probability of restoring normal thyroid function and 
avoidance of irradiation. TA may also be considered for 
cystic lesions that relapse after ethanol ablation (EA) or 
have a significant residual solid component following 
drainage and EA. The ETA recommends that TA should 
be restricted to benign lesions that cause symptoms or 
cosmetic concern. A meta-analysis confirms that both 
RFA and laser ablation are able to obtain a significant 
volume reduction in benign non-functioning solid thyroid 
nodules and a significant volume reduction is already 
evident at 6 months after thermal ablation and results are 
stable over the time [121].

However, also not recommended for the treatment of 
primary papillary thyroid microcarcinoma (PTMC) by the 
Korean and Italian guidelines there are numerous studies 
on TA in patients with PTMC. Although thyroidectomy 
is still the first-line treatment for PTMC in many coun-
tries, it often involves aggressive overtreatment. In the 
area of active surveillance of PTMC and hemithyroid-
ectomy [122] and extensive long-term experience with 
this approach in some countries [123], TA has also been 
gradually used for the treatment of primary and recurrent 
PTMC in selected patients. TA has been shown to be an 
effective alternative method for surgery in the treatment 
of low-risk PTMC with no local tumor recurrence, lymph 
node metastasis, or distant metastasis during follow-up 
of 5 years and none delayed surgery with a pooled mean 
major complication rate of 1.2% [124]. Together, besides 
its effectiveness in treating PTMC, TA harbors the advan-
tage of being minimally invasive, economical, having less 
bleeding and having a high postoperative quality of life 
[125]. Less data exists, however about long-term out-
comes of RFA in comparison with surgery for unilateral 
multifocal PTMC. One recent study revealed 6-year com-
parable outcomes between RFA and surgery for unilateral 
multifocal PTMC [126]. RFA may therefore be a safe and 
effective alternative to surgery in selected patients with 
unilateral multifocal PTMC.
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