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Active surveillance (AS) has been widely adopted as an alternative to immediate surgery owing to the indolent nature and
favorable outcomes of papillary thyroid microcarcinoma (PTMC). AS is generally recommended for tumors measuring <1 cm
without aggressive cytological subtypes, risk of gross extrathyroidal extension (ETE), lymph node metastasis (LNM), or distant
metastasis. AS requires careful patient selection based on various patient and tumor characteristics, and ultrasound (US)
findings. Moreover, during AS, regular US is performed to monitor any signs of tumor progression, including tumor growth, new
US features of potential gross ETE, and LNM. Therefore, appropriate imaging-based assessment plays a crucial role in
determining whether AS or surgery should be pursued. However, detailed recommendations concerning US evaluation are
currently insufficient, necessitating the formulation of this guideline. The Korean Society of Thyroid Radiology has developed a
consensus statement for low-risk PTMC, covering US assessment methods when considering AS as a management option and
conducting follow-up imaging tests during AS. This guideline aims to provide optimal scientific evidence and expert opinion
consensus regarding a standardized US-based assessment protocol for low-risk PTMC.
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INTRODUCTION The incidence of thyroid cancer dramatically increased
in the 1990s and the early 2000s [2]. This increase has
Thyroid cancer is a common cancer with a global incidence  mainly been attributed to the detection of indolent small
of 10.1 per 100000 in women and 3.1 per 100000 in men [1].  thyroid cancers using medical imaging, especially ultrasound
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(US) [3,4]. Papillary thyroid microcarcinoma (PTMC) is a
tumor measuring <1 cm in size, with an excellent prognosis
[5,6]. Due to the indolent nature of PTMC, a management
strategy called “active surveillance” (AS), which involves
watchful waiting rather than immediate surgery, has
emerged. Japanese studies [7,8] on AS have raised concerns
about the overtreatment of thyroid cancer and reported
favorable outcomes for low-risk PTMC; consequently, several
prospective studies on AS have been conducted in various
countries [7,8-39]. The insights from these studies have
influenced thyroid cancer management guidelines worldwide.
In 2015, the American Thyroid Association considered AS
an alternative to immediate surgery for PTMC [40]. Various
international guidelines provide recommendations on AS for
treating thyroid cancer [40-52].

AS for small thyroid cancers involves careful imaging
assessment of tumors upon initiation of AS for the careful
selection of appropriate candidates. While most PTMCs
tend to be indolent, some tumors may exhibit aggressive
behaviors such as advanced local invasion or lymph node
metastasis (LNM) and may progress during AS. Thus, the
careful selection of appropriate candidates and timely
management of AS are important clinical issues.

Serial high-quality imaging, such as US, is crucial for
assessing the possibility of tumor progression and the
need for deferred treatment [53]. Given the central role
of US in AS, standardization of the US technique and
image interpretation is critical during AS for PTMC [53].
These backgrounds have necessitated the development of
clinical guidelines on US for AS of PTMC from radiologists’
perspectives. The task force of the Korean Society of Thyroid
Radiology (KSThR) has reached a consensus on the need for
detailed radiological practice guidelines that provide specific
recommendations to maximize effectiveness and enhance
physician confidence for the widespread adoption of AS in
clinical practice. The goal is to achieve expert consensus to
develop a detailed practice guideline for US evaluation in
patients with thyroid microcarcinoma.

Methodology

Two authors searched MEDLINE via PubMed for articles
(original studies and guidelines) published until October
2023 using keywords provided by two members of the
KSThR Task Force (J.Y.L. and M.K.L.). The members reviewed
the retrieved articles and proposed tentative key questions
based on these articles. Five in-person meetings, six online
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meetings, and e-mail communications were conducted to
formulate key questions and recommendations and to refine
the detailed content (Table 1). A consensus of 13 panels
(comprising experts on thyroid radiology) was reached
using the modified Delphi method, especially regarding
the benefits (median value >7: significant net benefits)
and harms (median value <3: harms outweigh benefits).
All suggestions were regularly reviewed by all the panel
members through tracked changes and online meetings.
The draft document was revised until no further revisions
were requested by any of the panel members. After a draft
of the guidelines was finalized, an internal peer review
was performed and finally approved by the board members
of the KSThR. The draft was made available for a month
on the KSThR website (http://www.thyroidimaging.kr).
Supplementary Tables 1-3 summarize the scope of the
guideline, methodology, and identifying information and
availability, respectively.

Recommendations

Indications for AS and Immediate Surgery for Thyroid
Cancer

Key Question 1: What are the Indications for AS in
Thyroid Cancer?

[Recommendations]

1-1: When AS is considered as a management strategy
for thyroid cancer, the appropriateness of AS
should be evaluated

1-2: AS can be considered for adult patients
with low-risk PTMC (<1 cm) as an alternative
to immediate surgery. Immediate surgery is
recommended for high-risk PTMCs

1-3: AS is primarily considered for Bethesda V or VI
thyroid nodules on FNA or CNB, without suspicious
imaging features of gross ETE (particularly the
trachea and RLN), LNM, and distant metastasis.
However, taking patient preference into account,
AS can also be considered for highly suspicious
(K-TIRADS 5) thyroid nodules on US without biopsy

Patients with PTMC (<1 cm) who present with high-risk
features such as LNM, distant metastasis, and invasion
of adjacent organs should undergo immediate surgery
[40]. In Japan, Kuma Hospital conducted AS for PTMC
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Table 1. Summary of key questions and recommendations

Lee et al.

Key question

Recommendation

. What are the indications for
AS in thyroid cancer?

. What is the appropriate US
evaluation for patients with
PTMC when considering the
initiation of AS?

. How should US evaluation of
ETE and LNM be performed?

. What is the appropriate
US imaging technique for
evaluating thyroid nodules
under AS?

. How should tumor progression
be evaluated by US imaging?

[1-1] When AS is considered as a management strategy for thyroid cancer, the appropriateness of
AS should be evaluated

[1-2] AS can be considered for adult patients with low-risk PTMC (<1 cm) as an alternative to
immediate surgery. Immediate surgery is recommended for high-risk PTMCs

[1-3] AS is primarily considered for Bethesda V or VI thyroid nodules on FNA or CNB, without
suspicious imaging features of gross ETE (particularly the trachea and RLN), LNM, and distant
metastasis. However, taking patient preference into account, AS can also be considered for
highly suspicious (K-TIRADS 5) thyroid nodules on US without biopsy

[2-1] Prior to the initiation of AS for thyroid cancer, high-quality US of the thyroid and neck should
be performed by experts in thyroid and neck US imaging

[2-2] CT of the neck may play a supplementary role in the detection of additional LNM in low-risk
PTMC

[2-3] Chest CT is not routinely indicated before AS of low-risk PTMC

[3-1] Paratracheal tumors abutting the trachea or posteromedial subcapsular tumors should be
carefully evaluated for the risk of gross ETE, especially with respect to the trachea and RLN

[3-2] Anterior subcapsular tumors with strap muscle replacement, paratracheal tumors abutting
>90° to the trachea, posterior paratracheal tumors without normal intervening parenchyma,
and posterior subcapsular tumors with protrusion pose a high risk of gross ETE and immediate
surgery should be considered

[3-3] FNA with thyroglobulin testing should be performed for any suspicious LNs

[4-1] We recommend using consistent measurement methods throughout the initial and follow-up
examinations during AS

[4-2] Measurement for three axes should be performed during AS using the same imaging plane and
slice as previously measured

[5-1] Tumor progression can be assessed by evaluating tumor size enlargement and new US features
of potential gross ETE or LNM

[5-2] Tumor size enlargement can be assessed by measuring the maximal tumor diameter increase
of >3 mm or increase of >2 mm in at least two dimensions
6. What is the appropriate interval [6] US evaluations of changes in tumor size and the appearance of novel potential gross ETE and LNM
between US examinations are recommended every 6 months for the first 1-2 years after the initiation of AS and once a year
during AS? thereafter if no tumor progression is detected
7. When should a conversion to
surgery be considered during
follow-up?

[7] Surgical conversion can be considered when the PTMC grows to 13 mm (or 12 mm in two
dimensions) or when new features inappropriate for AS appear

AS = active surveillance, PTMC = papillary thyroid microcarcinoma, FNA = fine-needle aspiration, ETE = extrathyroidal extension, RLN =
recurrent laryngeal nerve, LNM = lymph node metastasis, K-TIRADS = Korean Thyroid Imaging Reporting and Data System, US = ultrasound

<1 cm, excluding cases in which the tumor was located
adjacent to the trachea or on the dorsal surface of the
thyroid lobe, potentially invading the recurrent laryngeal
nerve (RLN), or in which LNM was present [7,15]. Most
guidelines recommend that AS should be considered for
cases with tumor size <1 cm, no aggressive subtype on
cytology, no risk of gross extrathyroidal extension (ETE),
and no clinical LNM or distant metastasis [46,47,51,54].
Nonetheless, the debate over the indications for AS
continues [40-52]. Initially, Japanese groups selected the

safest candidates for AS. Previous reports demonstrated
that compared with immediate surgery, delayed surgery did
not worsen overall survival even with tumor growth or LNM
[15,55]. Consequently, expansion of criteria for AS has been
suggested [31,32,56,57]. In contrast, some researchers
have advocated the implementation of stringent criteria to
exclude patients with potential risk factors, such as multiple
unconfirmed nodules, pregnancy, and hyperthyroidism [29].
With the accumulation of more experience and research
findings pertaining to AS, Brito et al. [58] proposed a
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comprehensive framework categorizing the characteristics of
tumors, patients, and medical teams into ideal, appropriate,
or inappropriate for AS consideration and decision-making.
When considering the initiation of AS, it is recommended
that the appropriateness of the tumor for AS be confirmed
using a checklist. In this guideline, we enumerate detailed
US-based appropriateness criteria for AS in patients with
PTMC and introduce a detailed US-based checklist for AS
candidacy in subsequent key questions. Imaging findings
allow for the classification of patients into one of the
following three categories, expressing the suitability of AS
management (Table 2).

Ideal—Classic ideal patients with a tumor suitable for AS
are those with probable or proven solitary PTMC that is
not adjacent to the thyroid capsule and is confined to the
thyroid parenchyma.

Appropriate—Compared with ideal patients, patients
classified as appropriate candidates possess specific
characteristics that render observations more technically
difficult to follow-up (e.g., ill-defined nodule margin, US-
diffuse thyroid disease) or have a subcapsular tumor without
definite evidence of gross ETE to critical structures. For
patients under this category, the treatment offered at the
time of tumor progression will still be highly effective and
is associated with excellent clinical outcomes when followed
by an experienced management team; therefore, observation
is recommended for patients under this category.

Table 2. US based appropriateness criteria for AS in PTMC

Korean Journal of Radiology

Inappropriate—For “inappropriate” patients, an
observational approach is contraindicated because 1)
immediate surgery has been shown to be beneficial and

2) tumor progression leads to significant morbidity and is
associated with an increased risk of recurrence after surgery
[55]. Patients should be classified as inappropriate for AS
when locoregional or distant metastasis or potential gross
ETE is identified at the initial presentation, when the tumor
presents with new features of potential gross ETE to the
trachea or RLN, or locoregional or distant metastasis during
US surveillance.

The US-based appropriateness category of a probable or
proven PTMC for AS should be determined by the operator
performing the real-time US scan and should be included in
the US report.

With the increasing adoption of AS for pathologically
proven low-risk PTMC, there has been a growing
debate regarding the need for performing biopsies on
sonographically suspicious subcentimeter thyroid nodules
without ETE or LNM. Nevertheless, the majority of previous
evidence had cytopathological confirmation before the
initiation of AS, and the Japan Association of Endocrine
Surgery (JAES) guideline continues to recommend fine-
needle aspiration (FNA) for nodules measuring >0.5 cm and
<1 cm that are strongly suspected of being malignant based
on US findings [46]. The malignancy rate of suspicious
subcentimeter thyroid nodules ranges from 71.2% to 89.0%
[59]. Thus, up to 29.8% of suspicious thyroid nodules
may be placed under unnecessary AS if a biopsy is not

Risk of tumor Appropriateness for AS

US feature

No contact with the thyroid capsule and adjacent organs
No suspicious feature of LN metastasis* or distant metastasis

Anterior subcapsular tumors with a capsular abutment, capsular disruption or protrusion

Paratracheal tumors with acute angle abutment to the trachea

Posteromedial subcapsular tumors showing preserved thyroid parenchyma between tumor and TEG
Posterolateral subcapsular tumors with capsular abutment

Low-risk Ideal Confined to the thyroid
Appropriate
Tumors with ill-defined margin
High-risk ~ Inappropriate

(candidates for
immediate surgery)

Anterior subcapsular tumors with replacement of strap muscle
Paratracheal tumors with right- or wide-angle abutment to trachea
Posteromedial tumors with loss of normal parenchyma between TEG and tumor, or obvious protrusion

Posterolateral subcapsular tumors with obvious protrusion

Presence of biopsy proven or clinical lymph node metastasis or distant metastasis

*Cortical hyperechogenicity, cystic change, echogenic foci (calcification) or abnormal vascularity on US.
US = ultrasound, AS = active surveillance, PTMC = papillary thyroid microcarcinoma, LN = lymph node, TEG = tracheoesophageal groove
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performed.

The 2015 American Thyroid Association [40] guideline
recommends FNA only for thyroid nodules measuring >1 cm
even if the thyroid nodules exhibit a highly suspicious US
pattern. The 2023 European Thyroid Association guidelines
also recommend FNA only for European Thyroid Imaging
and Reporting Data System category 5 nodules measuring
5-10 mm that have suspicious lymph nodes (LNs), carry a
risk of ETE, or are located in worrisome areas (e.g., close
to the trachea and laryngeal nerve area) [52]. Therefore,
the number of pathologically proven low-risk PTMC should
be low in countries that strictly follow thyroid nodule
evaluation guidelines. Consequently, the role of AS in these
settings may be less relevant [60]. Most guidelines suggest

Lee et al.

thyroid gland, nodules, and cervical LN compartments
[65]. Additional low frequency scanning may be helpful
for evaluating nodules in deep locations and those with
large neck circumferences. The patient should lie down in
the supine position with their neck extended in a neutral
position (without head rotation). Head rotation to the
contralateral side is helpful for evaluating level 6 lymph
nodes located in the tracheoesophageal groove (TEG) and
thyroid nodules close to the tracheal wall. Furthermore,
head rotation facilitates the assessment of nodule
echogenicity by minimizing artifactual changes (through
a “sonic window” of the sternocleidomastoid muscle).
However, head rotation may change the orientation
(shape) of the thyroid nodules and the position of cervical

AS without biopsy for subcentimeter thyroid nodules [52,61],
and prospective studies have recently evaluated AS for highly
suspicious subcentimeter thyroid nodules, even without prior

LNs relative to the landmarks of the major vessels and
sternocleidomastoid muscle. Therefore, the patient’s head
should be held straight without rotation to achieve the

biopsy confirmation [62]. Hence, we recommend conducting
AS for Bethesda V or VI nodules on FNA or core needle
biopsy and suggest that AS can also be performed for highly
suspicious (Korean Thyroid Imaging Reporting and Data
System [K-TIRADS] 5) thyroid nodules on US without biopsy,
taking patient preference into account.

Imaging Evaluation Before the Initiation of AS

Key Question 2: What is the Appropriate US Evaluation for

Patients with PTMC when Considering the Initiation of AS?

[Recommendations]

2-1: Prior to the initiation of AS for thyroid cancer,
high-quality US of the thyroid and neck should
be performed by experts in thyroid and neck US
imaging

2-2: CT of the neck may play a supplementary role in the
detection of additional LNM in low-risk PTMC

2-3: Chest CT is not routinely indicated before AS of
low-risk PTMC

US is regarded as the primary imaging modality for
assessing thyroid nodules and determining the most
appropriate management strategy [63,64]. When AS
is considered for management, meticulous and high-
quality US is essential for patient selection and follow-
up. High resolution US equipment with a high frequency
linear transducer (10-15 MHz) is required to evaluate the
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natural orientation of the thyroid nodules [66] and enable
LN imaging in an anatomically neutral position. During
scanning, the US scan range should sufficiently cover the
entire thyroid gland and caution should be exercised when
scanning US-blind spots [67]. Transverse and longitudinal
grayscale and Doppler images of the thyroid gland and

the target nodules should be acquired. Additionally,
transverse scanning images of the neck compartments,
including LNs in the central (levels 1A, 6, 7) and lateral
(levels 1B, 2-5) compartments, should be obtained with a
transducer sweeping from the submandibular region to the
suprasternal notch, supraclavicular fossa, and posterior neck
compartments.

Tumor size should be measured in three dimensions
on transverse and longitudinal images to assess tumor
growth in all possible directions and to evaluate volume
changes [68]. Furthermore, the risk of gross ETE in PTMC or
evidence of LNM should be evaluated to determine whether
the PTMC is appropriate for initiating or pursuing AS. When
deciding whether AS should be initiated, experts should
conduct US examinations because operator experience can
considerably influence the detection of potential gross ETE
or LNM [64].

The frequency of metastasis to cervical LNs in PTC has
been reported to be as high as 30%-80% [69,70]. Similarly,
PTMC has an approximately 40% risk of pathological
metastasis when LN dissection is performed [45,71-75].
LNM is associated with a high-risk of locoregional recurrence
after surgery [76]. If cN1 disease is confirmed, immediate
surgery (total thyroidectomy) is required, usually followed

https://doi.org/10.3348/kjr.2024.0871 kjronline.org
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by radioactive iodine ablation therapy. While US is the
established primary imaging modality for evaluating thyroid
cancer and cervical LNs, it has a relatively low sensitivity
for detecting metastatic LNs in the central neck [77-80].
Current KSThR guideline recommends contrast-enhanced
neck CT as an adjunct to US [81]. The addition of CT to
US has been reported to improve the detection of LNM in
both the central and lateral neck compartments [77-80].
Additionally, CT can identify metastasis in LNs that appear
indeterminate or benign on US [82,83] and can detect
LNM in compartments missed on US (e.g., the mediastinum
or retropharyngeal area) [80]. Therefore, CT findings may
affect patient management decisions [84]. However, data
regarding the diagnostic performance of CT in patients with
PTMC are limited. A recent study reported that CT provided
the additional benefit of detecting LNM in patients with PTMC
whose tumors had US characteristics suitable for AS [85].
The lung is the most common site of distant metastasis in
differentiated thyroid cancer [40]. However, in two studies
conducted in Japan, none of the patients with T1aNO PTMC
showed distant metastasis or recurrence at follow-up
[8,86]. In another study conducted at the Memorial Sloan
Kettering Cancer Center (MSKCC), none of 4927 patients
with low-risk PTMCs exhibited distant metastases [87]. In
a report from Kuma Hospital, none of the 1000 consecutive
patients with low-risk PTMC who underwent chest CT as a
routine preoperative examination had metastatic lesions
[88]. In a more recent study reporting long-term data,
two cases of lung metastasis (one after AS and the other
12 years after surgery) were identified. Both cases had no
lung metastasis at the time of initial diagnosis and were
discovered after at least one occurrence of neck recurrence
[15]. Considering these findings, the incidence of distant
metastases in low-risk PTMC is extremely low. Therefore,
routine chest CT is not recommended for evaluating AS
candidacy in patients with PTMC. The rationale against the
use of routine chest CT is that the frequency of distant
metastasis in PTMC cases without ETE or LNM is exceedingly
low, according to previous observations [46].

kjronline.org https://doi.org/10.3348/kjr.2024.0871
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Key Question 3. How should US Evaluation of ETE and
LNM be Performed?

[Recommendations]

3-1: Paratracheal tumors abutting the trachea or
posteromedial subcapsular tumors should be
carefully evaluated for the risk of gross ETE,
especially with respect to the trachea and RLN

3-2: Anterior subcapsular tumors with strap muscle
replacement, paratracheal tumors abutting >90° to
the trachea, posterior paratracheal tumors without
normal intervening parenchyma, and posterior
subcapsular tumors with protrusion pose a high
risk of gross ETE and immediate surgery should be
considered

3-3: FNA with thyroglobulin testing should be performed
for any suspicious LNs

Clinically evident LNM and gross ETE are relevant
prognostic risk factors for patients with PTMC and are
currently considered contraindications for AS. ETE is defined
as the involvement of perithyroidal structures through the
direct extension of primary thyroid cancer. ETE ranges from
minor ETE identified on histological examinations to gross
ETE identified using preoperative or intraoperative evidence.
The presence of ETE has been established as an important
prognostic factor in the 6th edition of the American Joint
Committee on Cancer (AJCC). In the latest version (8th
edition), minor ETE has been eliminated from the staging
system because not only does minimal ETE have little impact
on patient prognosis but also pathological diagnosis is
subjective and challenging. Meanwhile, the gross ETE of the
strap muscles constitutes T3b, and the ETE of the major neck
organs constitutes T4. Even sub-centimeter cancers with
a high possibility of major neck structure involvement are
considered high-risk thyroid cancers, and immediate surgery
is recommended for these tumors. Accurate identification
of gross ETE on US is important for AS. During AS, the new
development of gross ETE is considered tumor progression,
and conversion to surgery is recommended.

Tumors that need to be assessed for ETE can be classified
into the following categories: two types of subcapsular tumors
(anterior and posterior subcapsular) and paratracheal tumors
(Fig. 1) [89,90]. First, a subcapsular tumor describes tumors
abutting the anterior or posterior capsule (margin) of the
thyroid gland. The anterior thyroid capsule is defined as the
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Fig. 1. Classification of subcapsular tumors based on US imaging. A: Anterior versus posterior subcapsular location. The thyroid capsule
(echogenic line) contacting the anterior strap muscles can be regarded as the anterior capsule (solid line). Other areas can be classified
as the posterior capsule (dotted line). B: Posteromedial versus posterolateral thyroid capsule. The posterior thyroid capsule can be
divided into halves, namely, the posteromedial and posterolateral capsule.

anterior part of the thyroid capsule that is in contact with the
strap muscles, and the posterior thyroid capsule is defined as
the posterior part of the thyroid capsule that is not in contact
with the strap muscles. Subcapsular tumors in contact with the
anterior thyroid capsule are classified as anterior subcapsular
tumors, whereas those in contact with the posterior thyroid
capsule are classified as posterior subcapsular tumors.

Among these, the medial half can be further categorized as
posteromedial subcapsular tumors, and the lateral half as
posterolateral subcapsular tumors. Finally, tumors in contact
with the trachea were classified as paratracheal tumors. Tumors
can be further divided into anterior and posterior paratracheal
tumors based on the horizontal midline of the anteroposterior
(AP) distance of the trachea.

For anterior subcapsular tumors, the possibility of gross
ETE in the strap muscles should be assessed. The JAES
proposed that tumors on the ventral side of the thyroid and
tumors with muscle invasion may not necessarily require
immediate surgery, considering that extended resection of
the neck muscles has little influence on patient quality of
life (QOL) and prognosis [46]. Recent studies have reported
that T3b disease may be associated with an increased
recurrence rate [91-94]. For anterior subcapsular tumors,

US features predictive of ETE include capsular abutment,
disruption, protrusion, and replacement of the strap
muscles [81,95]. Immediate surgery is not necessarily
indicated for tumors with capsular abutment, disruption,
and protrusion. Given the potentially high recurrence rate
of T3b tumors [91-94], AS would be inappropriate for rare
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microcarcinomas showing strap muscle replacement on
US, which is a high-risk feature of gross ETE to the strap
muscles.

Tumor invasion of the posterolateral capsule and adjacent
soft tissue is not currently considered gross ETE according
to the AJCC staging system. Tumors with a suspicious
invasion of the posterolateral capsule can be described as
those showing capsular contact, disruption, and protrusion
[96]. A recent study reported that a posterolateral capsular
abutment was indicative of a posterior minor ETE to the
thyroid capsule and associated with an increased risk of
lymphovascular invasion and lateral LNM [96]. However, its
significance in the AS setting has not yet been validated.
The KSThR Task Force reached a consensus that initiating
AS would be inappropriate for posterolateral subcapsular
tumors with tumor protrusion into the perithyroidal soft
tissue, as this could be relevant to gross ETE of perithyroidal
structures. However, further studies are required to validate
the significance of posterior ETE in AS.

For paratracheal and posteromedial subcapsular tumors,
the relationship between thyroid cancer and the trachea
or RLN is one of the most important factors in enrolling
patients with AS. Immediate surgery is recommended if
imaging features suggest ETE to the trachea and RLN, as
invasion into these structures is associated with a poorer
prognosis, and extended surgery is associated with increased
morbidity and poor QOL [40]. The risk of tracheal invasion
is assessed by the angle formed by the PTMC and tracheal
cartilage [95,97]. An obtuse angle between the cancer
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and trachea has been suggested as the most sensitive

and accurate criterion for diagnosing tracheal invasion
[81,95,97]. As appropriate discrimination between right-
and wide-angle abutments may be difficult and subject to
reader variability, we recommend that paratracheal tumors
with right- or wide-angle abutments are inappropriate for
initiating or pursuing AS. The risk of RLN invasion can be
assessed based on the presence of a normal rim of the
thyroid between the TEG and the cancer [46,95,97]. Table 2
and Figure 2 show the ideal, appropriate, and inappropriate
US features of AS.

Tto et al. [97] reported that significant tracheal invasion
requiring tracheal cartilage resection occurred only in PTMCs
>0.7 cm with an obtuse angle between the tumor and the
trachea. Similarly, significant invasions requiring dissection of
the RLN only occurred in PTMCs >0.7 cm without a normal rim
between the tumor and the course of the RLN. Newman et al.
[98] reported that PTMCs larger than 0.9 cm were unsuitable
for AS, even if US or CT did not show signs of RLN invasion,
as subcapsular tumors located in the paratracheal and right
lateral posterior lobe areas may have gross RLN invasion. In
this study, RLN invasion of the right posterolateral subcapsular
tumor was observed in only one case, which was >1 cm,
indicating a remarkably low incidence. Excluding such tumors
would unnecessarily exclude many tumors with a low risk
of gross ETE from AS. Moreover, to enhance the simplicity
of the guideline application, the current guidelines include
posterolateral subcapsular tumors as an appropriate group
for AS, irrespective of laterality. US-based diagnostic criteria
for ETE remain controversial. Well-organized prospective
studies are required to validate the diagnostic performance
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of US criteria for ETE.

PTMC has an approximately 10%-30% risk of pathological
metastases when LN dissection is performed in patients
without clinical LNM [45,71-75]. Inadequate assessment of
cervical LNs before AS can lead to extended neck surgery,
increased morbidity, and impaired QOL. Clinically evident LNM
is a relevant risk factor for patients with PTMC and should be
carefully assessed at the beginning and during AS [46,68].

According to US features, LNs can be classified as
suspicious, indeterminate, or probably benign based on
their malignancy risk [81]. The four suspicious US features
of cortical hyperechogenicity, cystic changes, echogenic
foci, and abnormal vascularity have high specificity and are
highly predictive of metastasis (malignancy risk, 73%-88%).
Probably benign LNs are defined as those with either an
echogenic hilum or radiating hilar vascularity (malignancy
risk <3%). Indeterminate LNs indicate LNs with loss of
the hilum and hilar vascularity and have low specificity for
differentiating between benign and malignant LNs (malignancy
risk, 20%-29%) [83,99-102]. Therefore, FNA is recommended
in patients with suspicious LNs. A recent study showed that
suspicious LNs exhibit a high malignancy risk, regardless of
their size [82,100]. The FNA criteria covering suspicious LNs
of all sizes resulted in the highest specificity, minimized
unnecessary hiopsy rate, and maintained sensitivity [82].
Additionally, no associations were identified between
malignancy risk and the size or L/S ratio of the indeterminate
LNs [102]. Primary tumor characteristics such as nonparallel
orientation and multiplicity of tumors were associated
with metastasis in indeterminate LNs [100,101]. Therefore,
indeterminate LNs can be selectively biopsied by considering

Fig. 2. Imaging-based appropriateness criteria for AS in thyroid cancer (<1 cm). A: Ideal tumor characteristics include tumors confined to
the thyroid gland with no contact with the thyroid capsule and with no metastasis. B: Appropriate tumor characteristics. Among anterior
subcapsular tumors (near the yellow line), tumors showing capsular contact (a), disruption (b), and protrusion (c) are appropriate for
AS. Paratracheal tumors (near the orange line) abutting the trachea with acute angle (d) are appropriate for AS. Among posteromedial
subcapsular tumors (near the red line), tumors showing preserved thyroid parenchyma between the tumor and tracheoesophageal groove
are appropriate (e). Posterolateral subcapsular tumors with capsular abutment (f, g) are appropriate for AS. C: Inappropriate tumor
characteristics. Anterior subcapsular tumors (near the yellow line) demonstrating strap muscle replacement (a), paratracheal tumors
(near the orange line) showing right- or wide-angle abutment to trachea (b) (including tumors showing obvious tracheal cartilage
invasion; c), posteromedial subcapsular tumors (near the red line) with loss of normal thyroid parenchyma (d, e) or obvious protrusion
(f), and posterolateral subcapsular tumors (near the blue line) with obvious protrusion (g, h), biopsy-proven metastasis (arrows) are

inappropriate candidates for AS. AS = active surveillance

kjronline.org https://doi.org/10.3348/kjr.2024.0871
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primary tumor characteristics and nodal size (=5 mm in short
diameter) [81,83,100,102].

A previous study reported that FNA with thyroglobulin (Tg)
generally yields conclusive results after cervical LNs [103].
However, some LNs could demonstrate imaging-cytology (Tg)
discordance, and repeat hiopsy should be performed according
to the imaging pattern to definitely exclude LNM, especially
for sonographically suspicious but cytologically benign LNs

because of their relatively high malignancy rates (22.9%) [104].

Table 2 describes a checklist that shows AS candidacy,
including the risk of tumors and the appropriateness of AS
based on US features.

US Evaluation of Thyroid Tumors During AS

Key Question 4. What is the Appropriate US Imaging
Technique for Evaluating Thyroid Nodules under AS?

[Recommendations]

4-1: We recommend using consistent measurement
methods throughout the initial and follow-up
examinations during AS

4-2: Measurement for three axes should be performed
during AS using the same imaging plane and slice as
previously measured

Although the definition of tumor enlargement differs
across guidelines and studies, tumor growth is considered
a surrogate marker of tumor progression in AS. Thus,
accurate, consistent, and reproducible measurements of
tumor size are essential for AS [68]. US size measurements
of thyroid nodules are known to have high intra- and inter-
observer variability [105,106]. Although tumor diameter
and volume can be used to evaluate tumor growth, tumor
volume, which multiplies the measurement values of the
three axes, may be more prone to higher measurement
variability [46]. We recommend the use of the three-
axis measurement technique proposed by the ACR Thyroid
Imaging, Reporting, and Data System (TI-RADS) to ensure
consistent and reproducible measurements [68,107].
Measurements should be performed using transverse and
longitudinal scans of the thyroid nodules (Fig. 3). The
transverse plane for nodule size measurement should be set
in a slice that shows the maximum dimension (transverse
diameter) on transverse scans, and the second measurement
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(AP diameter) should be the maximum dimension measured
perpendicular to the transverse diameter on the same image
(Fig. 4). The longitudinal plane should be parallel to the
central longitudinal plane of the thyroid gland, and not
necessarily the true anatomical sagittal plane. Angulation
of the probe to <45° can be used to measure the maximal
tumor dimension in the transverse (transverse diameter)
or longitudinal planes (craniocaudal [CC] diameter). This
approach provides reproducible measurements of obliquely
oriented nodules. When measuring the size of irregularly
shaped or obliquely oriented nodules, CC angulation of the
AP axis of the nodule is allowed during transverse scanning.
Similarly, transverse angulation of the CC axis of the nodule
is permitted during longitudinal scanning to measure the
maximum diameter. Measurements should also include the
nodule’s halo if present [105].

Operators may multiply the measured linear dimensions
to determine the nodule volume using the volume formula
function available in US units or by manual calculation (nodule
volume = transverse diameter x AP diameter x CC diameter
x 0.524). Operators should consistently measure and report
nodules to facilitate serial comparisons, and we recommend
using the same image plane or slice as those previously
measured during follow-up examinations. Because size
measurement is performed at the slice and location where the
maximum diameter is measured, the location of measurement
can vary according to changes in nodule growth and shape.

Key Question 5. How should Tumor Progression be
Evaluated by US Imaging?

[Recommendations]

5-1: Tumor progression can be assessed by evaluating
tumor size enlargement and new US features of
potential gross ETE or LNM

5-2: Tumor size enlargement can be assessed by
measuring the maximal tumor diameter increase
of >3 mm or increase of >2 mm in at least two
dimensions

The definition of tumor progression during AS remains
controversial. However, tumor progression is typically
defined as follows: tumor growth, gross ETE, LNM, or distant
metastasis [45,46,48,49,51]. New gross ETE, LNM, or
distant metastasis is generally accepted as an indicator of
tumor progression and an indication for surgical conversion
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Fig. 3. Basic planes for nodule size measurement on ultrasound. A, B: Transverse (A) and longitudinal planes (B). The transverse plane
for size measurement of nodules should be set in the slice that shows the maximum dimension (transverse diameter) on transverse scans,
and the longitudinal plane should be determined parallel to the central longitudinal plane of the thyroid gland, not necessarily the true
anatomical sagittal plane. C, D: Angulation of the probe to <45° can be used to measure the maximal tumor dimension on the transverse
(transverse diameter) (C) or longitudinal plane (craniocaudal diameter) (D).

across all prospective studies and guidelines. However,

the definitions of tumor growth and enlargement vary. The
most commonly used criterion is an increase of >3 mm in
tumor diameter [45,46]. The MSKCC study defined tumor
growth as a tumor size increase of >3 mm in the greatest
dimension and a tumor volume increase of >50% compared
with baseline [30]. In a Korean multicenter study, tumor
growth was defined as a size increase of >3 mm in at

least one dimension or >2 mm in at least two dimensions
[21,24]. The US Cedars-Sinai Medical Center study defined
tumor growth as a diameter increase of >5 mm or a volume
increase of >100% [31]. We adopted the criteria for tumor
size enlargement from a recent multicenter prospective
PTMC cohort study [24], defining tumor size enlargement
as an increase of >3 mm in one dimension or >2 mm in
two dimensions. In this study, of the 57 patients who

kjronline.org https://doi.org/10.3348/kjr.2024.0871

showed tumor size enlargement, 22 met both the 3 mm and
2 x 2 mm criteria, 19 met only the 3 mm one-dimension
criteria, and 16 met only the 2 x 2 mm criterion. The time
to progression in those meeting the 3 mm criterion was
earlier than that in those meeting the 2 x 2 increments.
The 2 x 2 mm criterion may be less sensitive than the 3 mm
criterion. However, considering that the 2 x 2 mm criterion
can detect roundly enlarging tumors, these two criteria can
be used complementarily.

While some guidelines and studies require meeting the
growth criteria only once, the Japan Kuma Hospital [15],
Canadian prospective studies [32,68], and SFE/AFCE/SFMN
[47] recommend surgery only when the criteria are met
twice during consecutive US examinations. The requirement
for two consecutive confirmations is due to inter- and
intra-observer variability in measuring tumor size using US
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Fig. 4. Recommended reproducible size measurement methods for obliquely oriented thyroid nodules under active surveillance. A: A
48-year-old female patient with papillary thyroid microcarcinoma in the left thyroid lobe. B, C: Incorrect axis measurement method.

(B) The transverse and anteroposterior diameters are measured in the plane of the thyroid gland, and correct caliper placement for size
measurement (C) should be placed along the orientation of the nodule (i.e., axes of maximum dimension of the nodule in the transverse
image and maximum dimension perpendicular to the first measurement). Inaccurate caliper placement at baseline or follow-up may
potentially lead to inadvertent decision of progression and surgery conversion.

[105,106,108] and the possibility that a tumor meeting the
growth criterion may subsequently decrease in size [109].

During the follow-up, new thyroid nodules may be
detected and confirmed as additional PTMC via biopsy. Such
newly detected PTMC can be considered either intrathyroidal
metastases [110,111] or a new separate cancer [112,113].
Currently, there is no consensus in the guidelines or
prospective studies on whether newly developed PTMC
within the thyroid gland indicate tumor progression or
warrant surgery. If a new nodule is found during AS, its
management should be evaluated according to the US risk
stratification system. For highly suspicious (K-TIRADS 5)
thyroid nodules <1 cm, AS may be performed without biopsy,
and biopsy may be considered if a new, highly suspicious
nodule exhibits US features that are inappropriate for AS.
We recommend performing a biopsy for new nodules when
management may be changed.

Key Question 6. What is the Appropriate Interval Between
US Examinations during AS?

[Recommendations]

6: US evaluations of changes in tumor size and the
appearance of novel potential gross ETE and LNM are
recommended every 6 months for the first 1-2 years
after the initiation of AS and once a year thereafter if
no tumor progression is detected
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No comparative studies have been published regarding
the appropriate imaging intervals. In a prospective study
conducted at the Kuma Hospital, patients visited the
hospital once or twice a year for blood tests and neck US
examinations [16]. In most other prospective studies,
patients were scheduled for hospital visits every 6 months
during the first 2 years, followed by annual visits thereafter
[21,30,32]. A recent study conducted in Korea reported that
progressive cases were sporadically observed throughout
the follow-up period [24]. In addition, a study conducted
at the MSKCC demonstrated that the identification of LNM
was not related to tumor size kinetic pattern/volume
changes and was variable at different time points [57]. To
date, no evidence is available regarding when the interval
between examinations can be further extended, such as
every 2-3 years, even for primary tumor stability. Based
on these protocols, we recommend a 6-month follow-up in
the first 1 or 2 years, followed by regular annual follow-ups
thereafter. However, the follow-up intervals can be adjusted
to the short term, depending on the growth pattern observed
on the last US examination, to confirm a significant size
increase and other imaging features (impending gross ETE
and suspicion of LNM) at the discretion of the physicians, if
necessary.
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Key Question 7. When should a Conversion to Surgery be
Considered during Follow-Up?

[Recommendations]

7: Surgical conversion can be considered when the PTMC
grows to 13 mm (or 12 mm in two dimensions) or
when new features inappropriate for AS appear

As for the timing of surgery, the JAES recommends
continued AS until the tumor reaches 13 mm while
considering patient preference [46] because a 3-mm
increase in the 10-mm PTMC creates a 13-mm tumor.
Considering the 2-mm two-dimension criteria, a 2 x 2 mm
increase in 10-mm PTMC results in a tumor measuring 12
mm in two dimensions. We recommend surgery when this
criterion is met at least twice on consecutive observations
within at least 6 months, considering the inter- and intra-
observer variability in measuring tumor size using US.

A recent study demonstrated that the 5- and 10-year
progression rates of T1aNOMO and T1bNOMO PTC were
not significantly different [56]. Another study showed
that many tumors shrank after enlargement [109]. These
findings suggest that surgery for PTMCs immediately after
they exceed 10 mm is unnecessary. In such cases, the
decision to proceed with conversion to surgery should be
made after careful consultation while considering patient
preferences. Regarding tumor progression other than size
enlargement, conversion to surgery should be considered
when new features that are inappropriate for AS appear
(high-risk features for gross ETE or LNM). When a highly
suspicious nodule shows enlargement during AS initiated
without biopsy, biopsy should be considered to exclude the
possibility of a rare high-grade malignant tumor that is
inappropriate for AS.

Summary

Table 1 summarizes the key questions and recommendations.

AS is a feasible and reliable option for the management
of low-risk PTMC. However, it carries the risk of cancer
progression. Optimal decision-making is highly dependent
on accurate staging of the extent of the disease at
presentation. We present a standardized approach to
imaging evaluations that incorporates the newly updated
2021 K-TIRADS and 2024 Korean Thyroid Association
recommendations and addresses pertinent questions for
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thyroid physicians. By ensuring comprehensive imaging
assessment and improving clarity in the thyroid US
methodology, we seek to improve patient access to
optimized care.

Supplement

The Supplement is available with this article at
https://doi.org/10.3348/kjr.2024.0871.
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