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Objective: Thyroidectomy bed lesions frequently show suspicious ultrasound (US) features after thyroid surgery. Fine-needle
aspiration (FNA) may not provide definitive pathological information about the lesions. Although core-needle biopsy (CNB)
has excellent diagnostic performance in characterizing suspicious thyroid nodules, no published studies have evaluated the
performance of CNB specifically for thyroidectomy bed lesions. Therefore, we aimed to evaluate the diagnostic performance
and safety of CNB for characterizing thyroidectomy bed lesions.

Materials and Methods: A total of 124 thyroidectomy bed lesions in 113 patients (79 female and 34 male; age, 23-85 years)
who underwent US-guided CNB between December 2008 and December 2020 were included. We reviewed the US imaging
features of the target lesions and the histories of previous biopsies. The pathologic results, diagnostic performance for
malignancy, and complications of CNB were analyzed.

Results: All samples (100%) obtained by CNB were adequate for pathological analysis. Pathological analysis revealed
inconclusive results in two lesions (1.6%). According to the reference standard, 50 lesions were ultimately malignant (40.3%),
and 72 were benign (58.1%), excluding the two inconclusive lesions. The performance of CNB for diagnosing malignant
thyroidectomy bed lesions in the 122 lesions had a sensitivity of 98.0% (49/50), a specificity of 100% (72/72), positive
predictive value of 100% (49/49), and negative predictive value of 98.6% (72/73). Eleven lesions were referred for CNB after
prior inconclusive FNA results in thyroidectomy bed lesions, for all of which CNB yielded correct conclusive pathologic diagnoses.
According to the pathological analysis of CNB, there were various benign lesions (58.9%, 73/124) besides recurrence, including
benign postoperative lesions other than suture granuloma (32.3%, 40/124), suture granuloma (15.3%, 19/124), remnant
thyroid tissue (5.6%, 7/124), parathyroid lesions (4%, 5/124), and abscesses (1.6%, 2/124). No major or minor complications
were associated with the CNB procedure.

Conclusion: US-guided CNB is accurate and safe for characterizing thyroidectomy bed lesions.
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is increasing worldwide [1]. Ultrasound is widely used for
surveillance of the thyroidectomy bed and lateral neck for
recurrent disease after thyroidectomy and has proven to

be highly sensitive for detecting local tumor recurrence

and cervical lymph node metastasis [2-4]. Any new lesion
detected in the thyroidectomy bed using ultrasound requires
further investigation to differentiate between recurrent
tumors and benign cases, and an accurate assessment

of these lesions is important to avoid unnecessary

INTRODUCTION

Overall, the incidence of thyroid surgery for thyroid cancer
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interventions and patient anxiety. However, thyroidectomy
beds can have various other lesions as well as recurrent
cancers, and the differentiation between them is not always
possible with imaging techniques.
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Tissue confirmation for various thyroidectomy bed lesions
can be achieved through ultrasound-guided fine-needle
aspiration (FNA). Although it is known to be a sensitive
and specific modality for the evaluation of thyroidectomy
bed lesions, previous studies reported a wide range (50%-
95%) of conclusive results on FNA of thyroidectomy bed
lesions [5-8].

In our hospital, we perform core-needle biopsy (CNB)
for thyroidectomy bed lesions with previous inconclusive
results or by request of clinicians who suspect that the
results of ultrasound-guided FNA are inconclusive. However,
to our knowledge, no published studies have evaluated CNB
of thyroidectomy bed lesions, and we herein present our
experience with ultrasound-guided CNB of thyroidectomy
bed lesions.

Our study aimed to evaluate the diagnostic performance
and safety of CNB for characterizing thyroidectomy bed
lesions.

MATERIALS AND METHODS

Patient Selection

This retrospective study was approved by our Institutional
Review Board, and written informed consent was obtained
from all patients before CNB (IRB No. 2020-1824).

Between December 2008 and December 2020, 129 lesions
(in 118 patients) in the operating bed after thyroidectomy
were subjected to ultrasound-guided CNB. Five patients were
lost to follow-up within 1 year and were excluded. Finally,
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113 patients (79 female and 34 male; mean age, 56.8 +
13.9 years; range, 23-85 years) with 124 thyroidectomy bed
lesions were included. A flow chart of the study is presented
in Figure 1.

Ultrasound-Guided CNB Procedures

Ultrasound examinations were performed using one of the
following ultrasound systems: ATL HDI 5000 or iU22 (Philips
Healthcare), EUB-7500 (Hitachi Medical Systems), Sequoia
(Acuson), and RS 80 (Samsung Medison Co., Ltd.). Each
system was equipped with a linear high-frequency probe
(5-14 MHz). All ultrasound examinations and ultrasound-
guided CNBs were performed by experienced radiologists
under supervision of staff radiologists with > 14 years of
clinical experience in performing and evaluating thyroid
ultrasound images.

Ultrasound-guided CNBs were performed using a
disposable 18-gauge double-action spring-activated needle
(1.1 or 1.6 cm excursion; TSK Ace-cut; Create Medic) or a
single-action core needle (TSK Steri-cut; Create Medic) after
local anesthesia with 1% lidocaine [9,10]. Using a freehand
technique, the core needle was advanced from the midline
of the thyroidectomy bed towards the target lesion. After
the tip of the needle advanced into the edge of the nodule,
the distance of fire (1.1 or 1.6 cm) was measured. Then,
the stylet and cutting cannula of the needle were fired
sequentially. After CNB, each patient was monitored and
firm local compression was applied to the biopsy site for
10-20 minutes [11].

(n=129)

Biopsy of the operation bed after thyroid surgery

Follow-up loss

(n-5)

Indeterminate
(n=2)

Benign
(n=73)

v v\uy

Malignant

(n = 49) Core-needle biopsy result

Inconclusive
(n=2)

Benign (n = 72)
Surgery (n = 2)

Malignant (n = 50)
Surgery (n = 14)

Final diagnosis

Repeated biopsy at least twice (n = 8)
Follow-up > 1 year (n = 62)

Biopsy only (n = 36)

Fig. 1. Flow chart of the study. The numbers are number of lesions.
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Analysis of Histologic Results

The CNB and surgical specimens were reviewed by staff
histopathologists. Diagnostic criteria for CNB of the
thyroidectomy bed lesions have not been standardized;
therefore, in this study, CNB histological diagnoses were
categorized into four categories. Non-diagnostic CNB
readings included acellular specimens or adipose tissues
only. Pathologic results of ‘adipose tissue only” were
considered the result of a mistargeting. Benign readings
included suture granulomas, stromal fibrosis, granulation
tissue, fibroadipose tissue, skeletal muscles, parathyroid,
remnant thyroid tissue, and inflammatory lesions, including
abscesses. Normal thyroid tissue was regarded as remnant
thyroid tissue. An indeterminate reading was defined as
atypical cells present, but insufficient for establishing a
diagnosis of malignancy. A malignancy reading was defined
as a specimen exhibiting atypical features sufficient for a
definite diagnosis of malignancy or unequivocal features of
cancer. If available, immunohistochemistry data were used
to supplement the readings.

Reference Standard

Malignant lesions were diagnosed after biopsy or surgery
following biopsy with specific pathological results. Benign
lesions were diagnosed if they satisfied at least one of the
following three criteria: 1) surgery with benign findings
after CNB, 2) at least two benign findings in repeated CNB
or FNA, and 3) benign findings on CNB with a stable or
decreased size after more than 1 year of follow-up.

Clinical and Ultrasound Data Review

The size and location of the lesions, as well as the
impression of the sonographic findings before CNB were
recorded at the time of CNB. Medical records of previous
operations, history of FNA or CNB at the operation bed, and
laboratory findings at the time of CNB were reviewed by
one of the authors (with 6 years of clinical experience in
performing and evaluating thyroid ultrasound images).

Sonographic impressions of thyroidectomy bed lesions
were categorized as benign, malignant, or indeterminate.
Benign lesions were determined when they showed
well-known typical ultrasound features, such as suture
granuloma and remnant thyroid tissue [12,13]. Typical
ultrasound findings of suture granulomas include lesions
with internal clustered, paired, or rail-like echogenic foci,
suggestive of suture materials [12,13]. Tissues appearing
as normal thyroid parenchyma was considered remnant
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thyroid tissue [13]. Malignant lesions were determined
when the lesions without typical features of benign
lesions showed hypoechoic or marked hypoechoic lesions
with cystic changes, hyperechoic foci including micro/
macrocalcification, and peripheral or diffuse abnormal
vascularity. The reference echogenicity of the lesion was
presumed to be the usual echogenicity of the normal
thyroid tissue, which was determined by the radiologists
who performed the ultrasonography. Indeterminate lesions
were defined as those with neither malignant nor benign
imaging features.

Statistical Analysis

Statistical analysis was performed using SPSS (version
19.0 for Windows; IBM Corp.). The time interval from
surgery to CNB for benign and malignant lesions was
compared using independent ¢ tests. Diagnostic performance
and the incidence of non-diagnostic, inconclusive, and
conclusive results were analyzed. Diagnostic performance
was determined by evaluating the diagnostic accuracy,
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) of CNB in thyroidectomy
bed lesions by comparison with the reference standard
diagnosis. For the statistical analysis, non-diagnostic,
benign, and indeterminate categories were considered
negative results, whereas suspicious for malignancy and
malignant categories were considered positive results.

RESULTS

Demographic and Clinical Characteristics

The demographic and clinical characteristics of the
patients and their lesions are summarized in Table 1. The
mean longest diameter of the lesions was 14.1 + 8.5 mm
(range, 4.1-49.0 mm). The mean time interval from surgery
to CNB was 89.0 + 137.4 months. The time interval from
surgery to CNB did not significantly differ between benign
and malignant lesions (88.3 + 165.9 vs. 90.0 * 81.9,
respectively; p = 0.944). The average sampling number was
1.3 + 0.5 (range 1-2). The sampling number was once in
69.4% (86/124) of cases and twice in the remaining 30.6%
(38/124) of cases.

Diagnostic Performance of CNB

A sample sufficient for histopathological evaluation was
obtained in 100% (124/124) of the biopsies. The conclusive
result rate was 98.4% (122 of 124; 95% confidence
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interval [CI]: 81.7%-100%), whereas the inconclusive
result rate, including non-diagnostic and indeterminate
results, was 1.6% (2 of 124; 95% CI: 0.2%-5.8%). The
pathology of the two indeterminate cases was atypia

of undetermined significance with architectural atypia

and equivocal tumor capsule, and a few atypical cells

of undetermined significance. There was no change in

these two indeterminate lesions after more than 1 year of
follow-up. However, as no repeated biopsy or surgery was
performed to confirm the benign or malignant results, they
were finally concluded to be inconclusive and excluded from
the diagnostic performance calculation. Table 2 shows the
performance of CNB for diagnosing malignant thyroidectomy

Table 1. Characteristics of Study Patients and Lesions

Patient Parameters

Number 113

Age, years 56.8 + 13.9 (23-85)
Sex
Males 34 (30.1)
Females 79 (69.9)
Previous operation history
Lobectomy 100 (88.5)
Total thyroidectomy 13 (11.5)
Reason for thyroidectomy
Papillary thyroid cancer 108 (95.6)
Follicular carcinoma 2 (1.8)
Other malignancy 2 (1.8)
Nonavailable* 1(0.9)
Nodule parameters
No. of nodules 124

Nodule size, mm 14.1 + 8.5 (4.1-49)

Time from initial surgery to CNB, months

Total 89.0 + 137.4 (1.3-1360.0)

Benign 88.3 + 165.9 (1.3-1360.0)

Malignancy 90.0 + 81.9 (6.8-432.2)
Reference standard diagnosis

Benign 72 (58.1)

Malignancy! 50 (40.3)

Inconclusiveness 2 (1.6)
Sonographic impression

Benign 24 (19.4)

Indeterminate 44 (35.5)

Malignancy 56 (45.2)

Jeong et al.

bed lesions. The diagnostic accuracy, sensitivity, specificity,
PPV, and NPV of CNB were 99.2% (121 of 122; 95% CI:
95.5%-100.0%), 98.0% (49 of 50; 95% CI: 89.5%-99.6%),
100% (72 of 72; 95% CI: 94.9%-100.0%), 100% (49 of 49;
95% CI: 92.7%-100.0%), and 98.6% (72 of 73; 95% CI:
92.6%-99.8%), respectively.

Pathologic Results of CNB

The pathologic results of CNB of thyroidectomy
bed lesions are summarized in Table 3. There were 49
malignancies (43 recurrent papillary carcinomas; Figure 2,
four anaplastic thyroid carcinomas, and two squamous cell

Table 2. Diagnostic Performance of CNB for Diagnosing
Malignancy

Point 95% Confidence
Estimate Interval
Diagnostic accuracy 99.2 (121/122) 95.5-100.0
Sensitivity 98.0 (49/50) 89.5-99.6
Specificity 100.0 (72/72) 94.9-100.0
Positive predictive value 100.0 (49/49) 92.7-100.0
Negative predictive value 98.6 (72/73) 92.6-99.8

Data are % with the raw lesion numbers in parentheses. Non-
diagnostic CNB reading included 1) absence of any identifiable
tissue or cells and 2) tissue containing only a few cells insufficient
for diagnosis. CNB = core-needle biopsy

Table 3. Pathologic Results of Core-Needle Biopsy at the
Operation Bed after Thyroidectomy

Total (n = 124)

Number (%)

Non-diagnostic (n = 0, 0%) 0 (0)
Benign (n =73, 58.9%)
Suture granuloma 19 (15.3)
Benign postoperative lesion 40 (32.3)
other than suture granuloma*
Remnant thyroid tissue 7 (5.6)
Parathyroid 5 (4.0)
Abscess 2 (1.6)
Indeterminate (n =2, 1.6%)' 2 (1.6)
Malignancy (n = 49, 39.5%)
Recurrent papillary thyroid cancer 43 (34.7)
Anaplastic thyroid carcinoma 4(3.2)
Malignancy other than thyroid origin® 2 (1.6)

Data are mean + standard deviation (range) or number of patients
or lesions with % in parentheses. *One patient was referred to
our hospital for a thyroidectomy bed lesion after thyroidectomy
at an outside hospital, and it was unable to confirm her previous
pathology, Malignancy included papillary thyroid cancer,
anaplastic thyroid cancer, and malignancy from another primary
site. CNB = core-needle biopsy
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*Benign postoperative lesion other than suture granuloma includes
stromal fibrosis, granulation tissue, and fibroadipose tissue, The
pathology of two indeterminate cases was atypia of undetermined
significance with architectural atypia and equivocal tumor
capsule, and a few atypical cells of undetermined significance.
Two indeterminate cases were inconclusive results at a reference
standard diagnosis, Two malignancy other than thyroid origin
were squamous cell carcinoma from hypopharyngeal cancer and
laryngeal cancer.
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carcinomas) in the 124 CNB procedures. One squamous cell atypical cells of undetermined significance. The various
carcinoma was from hypopharyngeal cancer and one was benign lesions (73/124, 58.9%) included suture granulomas
from laryngeal cancer. The two indeterminate cases were (Fig. 3), granulation, remnant thyroid tissue (Fig. 4),

Fig. 2. A 57-year-old male with a history of total thyroidectomy due to papillary thyroid cancer 2 years previous.
A. Axial gray-scale view shows a 1.1 cm hypoechoic mass (arrowheads) at the left thyroidectomy bed. There was an inner focal macrocalcification.
B. Color Doppler image shows no definite internal vascularity. The sonographic impression of the lesion was malignant (recurrent thyroid cancer).

The pathologic result of the core-needle biopsy was a recurrence of papillary thyroid cancer.

Fig. 3. A 37-year-old female with a history of total thyroidectomy due to papillary thyroid cancer 3 years previous.
A, B. Axial (A) and sagittal (B) gray-scale views show a 1.1 cm hypoechoic mass (arrowheads) with inner-paired microcalcifications (arrow) in
the right thyroidectomy bed. The sonographic impression of the lesion was benign (suture granuloma). The pathologic result of the core-needle

biopsy was suture granuloma.

Fig. 4. A 58-year-old female with a history of total thyroidectomy due to papillary thyroid cancer 8 years previous.
A. Axial gray-scale view shows a 0.8 cm well-defined ovoid-shaped hypoechoic lesion at the right thyroidectomy operation bed. B. Color Doppler
image shows increased internal vascularity of the mass (arrowhead). The sonographic impression of the lesion was benign (remnant thyroid

tissue). The pathologic result of the core-needle biopsy was remnant thyroid tissue.

kjronline.org https://doi.org/10.3348/kjr.2021.0772 1023
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Fig. 5. A 52-year-old female with a history of right lobectomy due to papillary thyroid cancer 12 years previous. The lesion was
surgically confirmed as parathyroid adenoma.
A-C. Axial gray-scale (A), axial color Doppler (B), and saggital gray-scale (C) ultrasound views show a 1.4 cm well-defined cystic and solid
hypoechoic mass (arrowheads) at the right thyroidectomy bed. The sonographic impression of the lesion was malignant (recurrent thyroid
cancer). The pathologic result of the core-needle biopsy was a parathyroid lesion.

Table 4. Comparison of Sonographic Impressions with CNB Results and Reference Standards

Sonographic Impression CNB Results

Reference Standards

(n=124) Benign Indeterminate Malignancy Benign Malignancy Inconclusive
Benign (n = 24) 21 1 2 21 2 1
Indeterminate (n = 44) 31 1 12 31 12 1
Malignancy (n = 56) 21 - 35 20 36 -

CNB = core-needle biopsy

parathyroid (Fig. 5), and inflammatory lesions such as an
abscesses.

Of the 124 lesions, 30 (24.2%) were referred for CNB as
repeated biopsies after a prior FNA (n = 27) or CNB (n = 3)
of the target thyroidectomy bed lesions. Of these 30 lesions,
11 had inconclusive results at the previous biopsy, including
five cases of FNA with non-diagnostic or unsatisfactory
results and six cases of FNA with atypia of undetermined
significance or follicular lesion of undetermined significance
(indeterminate). Except for 11 inconclusive cases, 11 were
benign and five were malignant on previous FNA. All 11
of these cases had correct conclusive pathological results
consistent with the reference standards on repeated biopsy
using CNB. One FNA case had an FNA result that was
discordant with the later CNB pathologic result; in this case,
the pathologic result of the initial FNA was benign, but the
lesion was later confirmed as recurrent papillary thyroid
cancer by CNB. Of the three cases with previous CNB, one
case was benign and two were suspicious malignant with
the pathology of suspicious papillary thyroid carcinoma.

Comparison of Sonographic Impressions with CNB
Results and Reference Standards

Table 4 lists data reflecting comparisons of sonographic
impressions, CNB results, and reference standards. In 67 out
of 124 procedures (54.0%), the sonographic impressions
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before the CNB were discordant with the CNB results. In
24 cases with the impression of benign on sonographic
findings, two had malignant CNB results, and in 56

cases with the impression of malignancy on sonographic
findings, 21 had benign CNB results, of which 20 cases
were also benign according to the reference standards. Of
44 lesions with an indeterminate sonographic impression,
43 had conclusive CNB results (97.7%; 31 benign and 12
malignant), which were also concordant with the reference
standards.

The sonographic impressions and reference standards
were 46.0% concordant (21 benign and 36 malignant).
The reference standards for 44 sonographic indeterminate
lesions were 31 benignities, 12 malignancies, and 1
inconclusiveness.

Adverse Events

In all patients, CNB procedures were well tolerated and
were completely performed. There were no major or minor
complications associated with the CNB procedures, and no
patients required hospital admission or intervention.

DISCUSSION

This is the first study to evaluate the efficacy and safety
of ultrasound-guided CNB for thyroidectomy bed lesions.

https://doi.org/10.3348/kjr.2021.0772 kjronline.org
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Our study achieved 99.2% diagnostic accuracy without non-
diagnostic results, and only 1.6% inconclusive results (2 of
124 lesions). Moreover, initially inconclusive FNA cases (n =
11) had conclusive results on CNB that were consistent with
the reference standards. No major or minor complications
were observed.

FNA is a standard procedure for the diagnosis of recurrent
tumors in lymph nodes or in the thyroidectomy bed;
however, inadequate cellularity or non-representative
sampling can preclude an FNA-based diagnosis. To overcome
this diagnostic limitation, current guidelines recommend
measuring the washout thyroglobulin (Tg) concentration
of the FNA specimen [4,14,15]. Although washout FNA-Tg
concentration is important in assessing lesions suspected to
be recurrent or metastatic, some areas of uncertainty remain,
including the optimal FNA-Tg cutoff and its interpretation
based on ultrasound features [16]. In addition, there can be
potential false-negative results in the tall-cell or oncocytic
variant of PTC, undifferentiated/poorly differentiated
carcinoma, and medullary thyroid carcinoma [17-19], or
false-positive results in a remnant or ectopic thyroid lesion.
Thyroidectomy bed lesions often show suspicious ultrasound
features, and FNA may reveal variable cytological results
such as benign, atypia of undetermined significance, or
non-diagnostic results that may confuse physicians. Lesions
that show persistent suspicious ultrasound features, even
with benign or indeterminate cytology results, are often
subjected to repeat biopsy or diagnostic surgery, which was
the case for several patients in our study.

In previous studies, CNB showed excellent diagnostic
performance for managing sonographically suspicious
thyroid nodules, even those with initially benign,
indeterminate, or nondiagnostic cytology results [20,21],
which encouraged us to apply CNB to thyroidectomy bed
lesions. We found that CNB yielded conclusive results for
thyroidectomy bed lesions, with these results being mostly
consistent with the reference standard diagnosis. We also
found that CNB of thyroidectomy bed lesions was safe and
showed good diagnostic value.

In our study, the diagnostic accuracy of CNB for
thyroidectomy bed lesions (99.2%) was higher than that
reported for FNA in previous studies. Previous studies
investigating FNA of thyroidectomy bed lesions had non-
negligible non-diagnostic rates, ranging from 5% to 50%
[5-8]. Considering biopsy for tissue confirmation, FNA
allows pathological analysis of cell cytology, but CNB
provides material allowing the analysis of tissue pathology
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and assessment of histologic architecture. Furthermore,
scarring with desmoplastic changes at the postoperative
site can yield hypocellular aspirates, which can result in
inadequate, indeterminate, or false-negative cytological
results. Therefore, CNB appears to be a more accurate
modality than FNA for diagnosing thyroidectomy bed
lesions. In our study, CNB results were excellent, with a
diagnostic accuracy of 99.2%.

The main reason for biopsies of thyroidectomy bed
lesions is the concern about recurrent tumors. However, the
thyroidectomy operation bed is subject to various lesions
other than recurrence, and some of these lesions can mimic
recurrent tumors. Previous studies of thyroidectomy bed
lesions have reported various recurrent tumor-mimicking
benign lesions, including suture granuloma, parathyroid
lesion, postoperative spindle cell tumor, fat necrosis, and
nodular contoured strap muscles [8,22-25]. Because of the
variety of possible lesions of the thyroidectomy operation
bed, diagnosis of the lesion through cell cytology may
be difficult and often inconclusive. In our study, 58.9%
(73/124) of the lesions were benign on CNB pathology.
Among these benign lesions, postoperative granuloma was
the most common, followed by suture granuloma. Other
than postoperative and suture granulomas, the various
lesions included remnant thyroid tissue, parathyroid
lesions, and abscesses. Understanding the various benign
thyroidectomy bed lesions may allow us to avoid performing
unnecessary invasive procedures.

In our study, ultrasound-guided CNB of thyroidectomy bed
lesions was well tolerated without any complications. There
were no large case studies evaluating the safety of CNB
for thyroidectomy bed lesions; however, a previous large
population study of CNB for thyroid nodules showed a low
complication rate (0.33%) with no major complications and
a higher sensitivity than FNA [26]. Therefore, if CNB can be
performed by clinically experienced and trained operators
under ultrasound guidance, it could be a safe and effective
modality for the diagnosis of thyroidectomy bed lesions.

Currently, there are no established imaging assessment
guidelines or diagnostic criteria for lesions in thyroidectomy
beds. In our study, we applied modified guidelines for
thyroid nodules or lymph nodes to the sonographic findings
of thyroidectomy bed lesions. Sonographic impressions
were only 46.0% consistent with both the CNB results
and reference standards. In other words, sonographic
impressions are often inaccurate for thyroidectomy bed
lesions, and further evaluation is required. US-guided CNB
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may be the method of choice for tissue confirmation.
Previous studies evaluating the diagnostic performance for
non-diagnostic lymph nodes or thyroid nodules also showed
higher diagnostic performance with CNB than with FNA
[26]. Furthermore, both CNB and FNA are safe and have low
incidences of complications.

The major limitations of our study are its retrospective
design and the small number of cases. Even with a long
enrollment period, the number of CNBs performed in
thyroidectomy cases was small, limiting the statistical
power of the study results. Due to its retrospective design,
sonographic features were assessed using previously
captured images. Thus, further large-scale prospective
studies are required to validate our results. A second
limitation is that because of the long-term enrollment,

CNB was performed by various radiologists using a variety
of equipment. Nevertheless, CNB at the thyroidectomy site
showed a high diagnostic performance. Our study only
included CNB cases performed under the supervision of
three staff radiologists with more than 14 years of clinical
experience in performing and evaluating thyroid ultrasound
images. A third limitation is that lesions that were too
small to be subjected to CNB were not eligible. In our study,
all procedures were performed by experienced radiologists.
Therefore, when the biopsy is performed by a physician

with less expertise, a core needle biopsy targeting the
thyroidectomy bed lesion is only applicable when the size
of the nodule is sufficiently large, and careful manipulation
is needed due to anatomical difficulty. A fourth limitation is
that lesions that did not change or become smaller after 1
year or more of follow-up were diagnosed as benign lesions.
Thyroid cancer has a relatively slow progression course;
therefore, such diagnostic criteria may be unreliable. Lastly,
the indications for core needle biopsy in thyroidectomy bed
lesions have not yet been determined. Therefore, there were
no specific criteria for the patients included in our study,
but the patients were selected mainly by the clinicians

who requested the biopsy. Therefore, the selection of these
study patient groups may have included a selection bias.

In this regard, more in-depth studies and guidelines for
thyroidectomy bed lesions are needed.

In conclusion, this study demonstrated that ultrasound-
guided CNB is accurate and safe for characterizing
thyroidectomy bed lesions.
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