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Background: Extrathyroidal extension (ETE) is a crucial factor affecting the prognosis of thyroid cancer. Two-dimensional
ultrasound is highly sensitive to ETE, but the sensitivity and specificity for severe ETE are unideal, so it does not improve the
prognosis.
Materials and Methods: This retrospective study evaluated patients within three years of subcapsular thyroid cancer diagnosis with
fine-needle aspiration (FNA). Routine ultrasound was performed and examined before surgery. In addition to the traditional two-
dimensional assessment method, particular attention was paid to transcapsular blood vessels, and the diagnostic efficacy of the two
methods for mild, severe, and anterior and posterior ETE was compared.
Results: A total of 208 thyroid cancer nodules were included. Tumor size and gender were correlated with whether ETE occurred. The
general method is more accurate for the overall identification of ETE but is not specific enough for severe ETE, while the transvascular
method is the opposite. The two are similar in identifying the ETE of the anterior capsule, but the transvascular method has higher
specificity in identifying the ETE of the posterior capsule.
Conclusion: The traditional two-dimensional method is highly sensitive to ETE detection in the anterior capsule, while transcapsular
blood flow can more effectively detect extensive ETE and ETE in the posterior capsule.
Keywords: extrathyroidal extension, thyroid cancer, ultrasound, prognosis, metastasis

Introduction
Extrathyroidal extension (ETE) refers to the spread of tumors outside the thyroid into surrounding tissues. Approximately
30% of patients with differentiated thyroid cancer (DTC) are affected.1 The occurrence and range of ETE largely affect
thyroid cancer staging as displayed in the American Association of Cancer TNM classification of thyroid cancer. Mild
ETE typically invades the infrahyoid muscles of the neck, which is not deemed a negative predictor of survival or disease
recurrence. American Thyroid Association (ATA) studies have shown that mild ETE has little effect on prognosis, while
moderate to severe ETE do influence prognosis.2,3 Accurate preoperative evaluation of PTC’S ETE can help clinicians to
select a reasonable and appropriate individualized and standardized treatment plan for PTC patients, reduce the post-
operative recurrence rate of PTC, prolong patient survival and improve their quality of life. At present, the primary
indices of ultrasonic evaluation of ETE include the contact degree between nodule and capsule (the contact length
between nodule and capsule/the circumference of the nodule), the localized prolapse of thyroid capsule outline and echo
interruption, etc., which are of certain value in predicting extrapedicular invasion. Existing ultrasound criteria are highly
sensitive for diagnosing mild ETE that only involves infrahyoid muscles. However, the sensitivity to the highly invasive
ETE or ETE with the posterior capsule involvement is lower than MRI.4 Studies have shown that the emergence of ETE
is accompanied by neovascularization. Some scholars have even proposed that in the absence of ultrasound evidence of
vascular structure or nerve infiltration, ETE ultrasound imaging cannot be considered a reliable indicator of actual
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extension.5 The issue remains that it is not clear whether moderate ETE and ETE penetrating the posterior thyroid
capsule can be evaluated effectively by the sensitivity of blood flow signals. As such, the present study intends to
investigate the relevance of this association.

Methods
This retrospective study was conducted at The Second Affiliated Hospital of Fujian Traditional Chinese Medical
University and 1st Affiliated Hospital of Fujian Medical University from October 2017 to October 2020. It was approved
by the Ethical Review Committee of the Second Hospital of Fujian Province and written informed consent was obtained
from all participants. The study complies with the Declaration of Helsinki.

All patients underwent fine-needle aspiration (FNA) Cytology Biopsy and surgical operation. Routine standardized
neck and thyroid ultrasonography were performed within three days prior to surgery. An ultrasound diagnostic apparatus
(LOGIQ E9) and superficial variable frequency probe were used. The testing frequency was set to be 7~15 MHz. The
two examiners had more than 10 years of experience in utilizing this technique. The nodules were located under the
thyroid capsule and were in contact with the anterior and posterior thyroid capsule (no thyroid tissue was located between
the nodules and the thyroid capsule). Ultrasound routinely identified the position, size, shape, boundary, halo, internal
echo and calcification of nodules, peripheral blood vessels, and whether there were swollen lymph nodes on both sides of
the neck.2.2 The patient was instructed to breathe calmly, and CDFI was activated at the same section under the condition
of double image comparison. The size of the sampling frame was adjusted, the speed scale and gain were modified, and
the image was stabilized. The clinicians then observed and recorded the relationship between nodules and precapsular
thyroid, blood flow around nodules, and the relationship between blood flow and capsular.

Analysis of ETE was based on LEE’s classification criteria (Exposure degree, thyroid capsule outline localized
puffed, interrupted echo) and transcapsular blood vessels6. Transcapsular blood flow indicated that a single blood flow
signal was observable between the nodule and the anterior thyroid capsule, and the blood flow extends across the capsule
tissue outside of the thyroid. If the diagnostic results of the two evaluating doctors were inconsistent, the two doctors re-
assessed the image until agreement was reached and recorded. The pathology was followed up post-operation, and ETE
was divided into gross and minimal according to the TNM standard7. Gross or extensive ETE (E-ETE) was defined as
gross invasion of a tumor into the adjacent structures including adipose and skeletal muscles, sizeable vascular structures,
and nerves. Minimal ETE (M-ETE) was defined as instances when thyroid cancer cells infiltrated the capsule but not
including sizeable vascular structures, and nerves.

Statistical Analysis
We used Microsoft Excel to record original data and used SPSS 17.0 statistical analysis software for data analysis. Count
data were expressed as a number (percent), and differences between groups were analyzed using the chi-square test. The
measurement data were expressed as x̅ ±s. For variables that meet the normal distribution and homogeneity of variance,
the independent sample t test was used for data analysis. If the variable does not meet the normal distribution or the
variance was uneven, the Kruskal–Wallis H-test was used. A P value<0.05 was considered statistically significant. For
the two methods to evaluate ETE, E-ETE and M-ETE, chi-square and exact probability assessments were performed.

Results
General Conditions of Thyroid Cancer Nodules
A total of 208 nodules were included in the study, all of which were malignant nodules. The nodules were categorized
from 199 cases of papillary carcinoma, 5 cases of medullary carcinoma, 4 cases of follicular carcinoma, and no
undifferentiated type. General ultrasound information and ETE are described in Table 1. The result in Table 1 indicated
that whether ETE appears is related to tumor size and gender. The E-ETE and M-ETE are related to size, gender, and
location.

The boundary was blurred for the M-ETE in the anterior nodule of thyroid cancer on ultrasound, and no obvious
transcapsular blood flow was seen (Figure 1). Postoperative examination showed that the tumor only invaded the
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infrahyoid muscles.For posterior thyroid nodules, E-ETE, the ultrasound boundary was unclear, but transcapsular blood
flow is visible (Figure 2).

The effectiveness of transcapsular blood flow method and general method for evaluating ETE is compared in Tables 2
and 3.

The sensitivity and specificity of the general method to the overall ETE were 87.2% and 82.3% respectively. There
were no differences compared with the transcapsular blood flow method, which is 82.9% and 93.5% respectively.
However, the sensitivity and specificity to E-ETE are 71.1% and 64.5%, respectively.Using transcapsular blood flow as
the criteria, the sensitivity and specificity were significantly improved to 90.3% and 90.9%, respectively. Therefore, the
general method was more accurate for overall recognition of ETE, but was not specific enough for severe ETE;
meanwhile, the transvascular method exhibited the opposite evaluation.

Comparison of the effectiveness of the two methods to identify the ETE underneath the anterior and posterior capsule
is reported in Table 4.

A comparison of the two methods reveals that they are equivalent in terms of identifying ETE status (mild and severe)
of the anterior capsule, though the method of vascular invasion is more advantageous in finding the ETE of the posterior
capsule, mainly due to its higher specificity.

Discussion
In patients with differentiated and medullary thyroid cancer, ETE is associated with reduced survival. In view of these
findings, ETE should be included in the treatment guidelines for thyroid cancer.1 However, recent studies have shown

Table 1 General Situation of Thyroid Cancer Nodules

ETE Group t к P

G-ETE M-ETETO TOTAL Non-ETE

Case number 31 55 86 122

Male 19 20 39 29 / 3.56 0.03
Female 12 35 47 93

Age 50.4±4.4 47.6±4.1 49.4±4.2 47.6±3.5 1.02 / 0.11

Maximum diameter line (cm) 2.2±0.43 1.9±0.39 2.2±0.41 1.7±0.28 2.98 / 0.04
Irregular edges 23/8 45/10 68/18 105/17 / 0.56 0.09

Aspect ratio>1 26/5 48/7 74/12 98/24 / 0.76 0.08

Microcalcification (YES/NO) 20/11 41/14 61/25 97/25 / 0.94 0.06
Location (left/right) 15/16 29/26 44/42 64/58 / 0.23 0.19

Notes: Unless otherwise specified, the above data indicates the number of nodules (percentage); comparison between groups, P<0.05 is statistically significant.

Figure 1 Thyroid papillary carcinoma locating in the anterior side is found blurry boundary with capsular, even extrusion feature in the gray US (arrow). But the missing of
transcapsular blood flow lead to the judgment of min-ETE. The postoperative pathological results is displayed as invasion of cervical banded muscle.
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that M-ETE has little effect on survival, while E-ETE is what affects central lymph nodes, distant metastasis, and long-
term survival.6 The damage of E-ETE to local tissues greatly increases the difficulty of surgery. Therefore, E-ETE is
particularly worthy of attention. Existing ultrasound evaluation of ETE signs mainly uses indicators such as the degree of
contact between the nodule and capsule (the length of the contact between the nodule and the capsule/the circumference
of the nodule), limited bulging of the thyroid capsule contour, and the interruption of echo.7 It has a certain value for
predicting extracapsular invasion. But the above indicators mainly rely on the naked eye of sonographers, and it is
difficult to achieve standardization and quantification.8 Using the existing evaluation system, it is difficult to determine
the boundary between the thyroid tumor and the thyroid surgical capsule due to the protrusion of the capsule itself. This
greatly complicates the determination whether the invasion occurs on a two-dimensional image. On the other hand, after
the tumor invades the thyroid surgical capsule, the boundary becomes more blurred with the invasion of the cervical band
muscle. It is difficult to determine whether only the banded muscle (ie M-ETE) is affected. Therefore, it is controversial
to evaluate the ETE value, especially E-ETE, based on existing ultrasound methods. In this study, the sensitivity and

Figure 2 Thyroid papillary carcinoma locating in the posterior side, with clear boundary with capsular, is detected transcapsular blood flow. The postoperative pathological
results is displayed as invasion of cartilagines tracheales.

Table 3 Comparison of Efficacy of Two Methods for Evaluating Different
Levels of ETE

E-ETE M-ETE

General method – 4 40

+ 27 11

Vascular invasion method - 3 50
+ 28 5

Note: -Means negative finding, + Means positive finding.

Table 2 Comparison of Efficacy of Two Methods for Evaluating ETE

E-ETE M-ETE

Location Anterior 71 54

Posterior 51 32

General method - 102 11
+ 22 75

Vascular invasion

method

- 116 16

+ 8 78

Notes: -Means negative finding, + Means positive finding.
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specificity of evaluating ETE based on traditional standards are, respectively, 87.2% and 82.3%, and the sensitivity and
specificity for E-ETE are 71.1% and 64.5%, respectively. Using the traditional standard approach promotes a high false-
positive rate. ETE especially, E-ETE, evaluation by two-dimensional signals alone, is not helpful in improving the
prognosis of patients but may increase over-diagnosis and treatment.

The local infiltration and metastasis stages of malignant tumors involves breaking through the capsule, invading
outwards, and then releasing local vascular growth factors. Neovascularization is a necessary condition for further
extension and establishment of tumors9. Therefore, it is currently believed that detection of neovascularization will help
to improve the detection of ETE10, especially E-ETE, and it has been suggested that, in the absence of sonographic
evidence of infiltration of vascular structures or nerves, sonographic findings suggestive of ETE cannot be considered
a reliable indicator of actual presence of ETE5. However, these conclusions are somewhat controversial. The present
study found that the common method of ETE detection has high sensitivity and low specificity, while the new method is
the opposite. Studies such as Zhang et al believe that it is the early invasion of the capsule, and the surrounding soft
tissue may not cause echo11. This conclusion remains debatable, however. According to the general growth law of
tumors, M-ETE should first cause disruption in the surrounding tissues of the thyroid gland. However, because it is
difficult for two-dimensional ultrasound to identify fine boundaries, and if there is a fuzzy boundary, it is difficult to
balance sensitivity and specificity. For E-ETE, the new method has better sensitivity and specificity. Gray-scale
ultrasound can show subtle changes in cervical banded muscles, but it is difficult to distinguish the extent of ETE
infiltration. The high sensitivity of the old method to ETE only exists in M-ETE, and there are a large number of false
positives. For E-ETE, it seems non-effective. For patients with ETE, the effect of improving prognosis is limited.
Therefore, the detection of E-ETE by vasculature is a more recommended method. Some scholars have also used
Contrast Enhanced Ultrasound (CEUS) to find transcapsular blood flow to detect E-ETE11. Although the sensitivity is
somewhat improved, in view of convenience and cost performance, we think it is enough to rely on convenient and easy
color Doppler flow imaging (CDFI) or power Doppler imaging (PDI).

Due to the inherent characteristics of linear array probes, existing research on ETE is primarily focused on the
anterior capsule. Due to the attenuation in the ultrasonic transmission (natural attenuation and significant attenuation of
clustered calcified spots) and the complexity of deep structures, it seems difficult to find the ETE of the posterior capsule
using only two-dimensional ultrasound. However, clinically, more E- ETE appears in the posterior capsule, and E-ETE in
the posterior capsule is more likely to invade the surrounding tissues and increase the difficulty of the operation and lead
to poor postoperative outcomes. In our study, the method of vascular discovery is more accurate than the traditional
method for the posterior capsule. When the traditional method is used for evaluation, there are often hesitations due to the
complexity of the surrounding tissue structure so incorrect decisions are made. The assessment of blood vessels can solve
this problem adequately. This situation can be explained by the complexity of the vascular plexus posterior to the thyroid
gland.

The present study also found that, as a whole, ETE is related to size and gender according to traditional methods. This
agrees with the research of Lee YK and other scholars.9,10 Full resection is recommended for large nodules in males. For
nodules larger than 4 cm or male thyroid nodules, the vessel difference between the anterior and posterior capsular has
not been specifically compared due to the lack of sample size.

Table 4 The Efficacy of Two Methods to Evaluate the ETE Underneath the Anterior and
Posterior Capsule

Anterior Posterior

+ – + –

General + 49 8 22 8
– 5 66 10 43

Vascular

invasion

+ 47 10 27 5

– 7 64 5 46

Note: -Means negative finding, + Means positive finding.
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We found that for the anterior capsular blood vessel, it is necessary to check from multiple angles, which is typical in
a two-dimensional assessment approach. This is due to the fact that new blood vessels will not be exhibit such a regular
morphology and arrangement.Additionally, it is advised to avoid pressurization especially for those blood vessels with
a particularly tortuous shape, to avoid compressing neovasculature and causing false negatives. For blood flow of the
posterior capsule, it is necessary to reduce the sampling frame and select the appropriate SCALE to obtain appropriate
blood flow information in addition to the multi-angle inspection. Although detecting transcapsular blood flow is
a powerful tool for detecting E-ETE and posterior capsular invasion, it is also necessary to combine the usual two-
dimensional indicators. Even the most accurate blood flow information is based on a good two-dimensional image. In the
Thyroid Imaging-Reporting and Data System (TIRADS) classification standards proposed by ATA/ACR and various
other institutions, little information is based on blood flow signals.11,12 In the foreseeable future, it is worth investigating
further whether transcapsular blood flow signals are expected to be included in these standards.

The disadvantage of this study is that the number of samples is limited, especially due to the popularity of thyroid
ultrasound examination, most nodules are relatively small, and nodules larger than 4 cm are rare. Therefore, the
number of cases of E-ETE is relatively limited. As such, the E-ETE in males and posterior capsules requires further
analysis.

The conclusion of this study: The traditional two-dimensional method is highly sensitive to the detection of ETE in
the anterior capsule, and the transcapsular blood flow can more effectively detect E-ETE and ETE in the posterior
capsule.

Abbreviations
ACR, American College of Radiology; ATA, American thyroid association; CDFI, Color Doppler flow imaging; CEUS,
Contrast Enhanced Ultrasound; DTC, Differentiated thyroid carcinoma; ETE, Extrathyroidal Extension; E-ETE,
Extensive ETE; FNA, Fine Needle Aspiration; M-ETE, Minimal ETE; PDI, Power Doppler imaging; TI-RADS,
Thyroid Imaging-Reporting and Data System.
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