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Background: Ultrasound provides a high-frequency spatial resolution. In this study, we used the combined 
pathological features of extrathyroid extension (ETE) measured by ultrasound to evaluate the vascular 
manifestations of subcapsular differentiated thyroid cancer. Our study aims to explore the value of high-
frequency ultrasonography in the evaluation of extracapsular vascular invasion for the evaluation of both 
benign and malignant nodules and the prediction of ETE. 
Methods: A total of 167 thyroid nodules were enrolled in this study. High-frequency ultrasonography was 
used to observe the relationship between the blood flow of the nodules and the capsules. The blood flow was 
divided into two types according to the relationship: non-extracapsular invasive blood flow and extracapsular 
invasive blood flow. Non-extracapsular blood flow was defined as any flow seen inside or around the nodule 
that did not extend beyond the thyroid gland. Extracapsular invasive blood flow was defined as any blood 
flow seen inside or around the nodule that flowed across the capsule and extended beyond the thyroid gland. 
A comparison of the different types of blood flow to judge the nature of thyroid nodules for predicting ETE 
was performed. 
Results: Out of 167 nodules, 81 cases of nodules were the non-extracapsular invasive blood flow type, while 
the remaining 86 cases of nodules were classified as the extracapsular invasive blood flow type. Nodules with 
distinct types of blood flow were significantly different in malignancy rates between the nodules (P<0.001). 
The incidence rate of ETE was also significantly different between the malignant nodules with distinct types 
of blood flows. 
Conclusions: Extracapsular vascular invasion is a good indicator for the evaluation of benign and 
malignant nodules. Using it as an indicator provides physicians with a potential tool for the prediction 
of ETE.
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Introduction

An extrathyroid extension (ETE) is an independent risk 
factor for the recurrence of differentiated thyroid cancer. 
The occurrence of this cancer in individuals can reduce 
the 10-year survival rate from 99.3% to 63.0% (1). 
Research has found that ETE also significantly increases 
the metastasis rate of central lymph nodes and increases 
the risk of distant metastasis (2). Furthermore, it increases 
the risk of non-total thyroidectomy, which may lead to 
higher tumor recurrence rates and mortality (3). It is 
usually controversial on the extent of surgery when treating 
low-risk patients with thyroid cancer. The presence of 
ETE is a vital factor in deciding the extent of surgery 
when the cancer is small, because this is usually changed 
from lobectomy to total or near-total thyroidectomy if 
there is ETE. Also, the prognosis of thyroid carcinoma 
with ETE is worse than that without ETE (3). The 
occurrence and extent of ETE determine the stage of 
thyroid cancer. According to the thyroid cancer TNM 
staging system (8th edition), edited by the American Joint 
Committee on Cancer (AJCC) (4), any tumor with extra-
thyroidal infiltration is categorized as being in the T3 
stage. Therefore, the presence of ETE has vital clinical 
significance as a perioperative assessment tool. At present, 
the use of ultrasound is the preferred and most effective 
method for thyroid tumor imaging. However, there is 
no convenient index for the ultrasonographic evaluation 
of ETE. Because of the complicated pathophysiological 
processes underlying the occurrence and development 
of malignant tumors, like the proliferation and invasion 
of blood vessels, technologies such as the Doppler 
ultrasound offer clear advantages in the evaluation of the 
pathophysiological changes of these subtle blood vessels. 
Extracapsular vascular invasion is usually described as a 
histological concept in pathological examination, which can 
be considered a form of ETE (5). However, this sign has 
not been further studied in ultrasound. This study aimed 
to find an ultrasonic sign of extracapsular vascular invasion 
to be used as a standard for predicting ETE. We used 
the advantages of the spatial resolution of high-frequency 
ultrasound to evaluate the vascular manifestations of 
subcapsular differentiated thyroid cancer combined with 
the pathological features of ETE of the thyroid nodules. 
We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-888).

Methods

Participants

One hundred and sixty-seven thyroid nodule specimens 
were contributed to this study from hospitalized patients 
who underwent preoperative thyroid ultrasonography 
between January 2015 and April 2018. All of the nodules 
were accompanied by postoperative pathological results. 

Nodules that met the following criteria were included: (I) 
nodules adjacent to or in contact with the anterior thyroid 
capsule; (II) only a single nodule in the thyroid gland; and 
(III) A color Doppler showed there were blood flow signals 
inside or around the nodules.

The exclusion criteria for this study included: (I) the 
nodules were located in the isthmus; (II) the capsule 
destruction and disruption was caused by previous thyroid 
trauma or another non-tumor infiltration; (III) history of 
local ablation of thyroid nodules; or (IV) the patient had 
subacute thyroiditis or had previously undergone thyroid 
surgery. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This 
retrospective study was approved by the Ethics Review 
Committee of the First Affiliated Hospital of Fujian Medical 
University {[2016]117}; the Review board determined 
that informed consent was not needed from the enrolled 
patients.

Instruments and methods

We used the GE Logiq E9 (GE Healthcare, Waukesha, 
WI, USA) and Philips iU22 (Philips, Best, the Netherlands) 
ultrasound diagnostic apparatuses (shallow inverter 
probe, frequency 5–15 MHz). The ultrasound images 
of the subcapsular thyroid nodules were analyzed by 
two sonographers with more than 10 years of working 
experience and were blinded to the pathological findings 
of the nodules. The high-frequency ultrasounds were used 
to observe the location, size, shape, border, presence/
absence of halo, internal echo and calcification, blood 
flow inside or around the nodules, and enlarged lymph 
nodes in the bilateral neck. Pressure on the nodules 
was carefully avoided. A cross and longitudinal section 
ultrasonographic images were captured for each nodule. 
Next, the distribution of blood vessels inside or around 
the nodules and the relationships between the blood flow 
and the anterior thyroid capsule were observed. The blood 
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flows were then categorized into two classes according 
to their relationship. One, the non-extracapsular invasive 
blood flow category (Figure 1). Two, the extracapsular 
invasive blood flow category (Figure 2). Concerning the 
pathological findings of thyroid nodules, the predictive 
effects of the blood flow types on the diagnosis of nodules 
and extracapsular invasion were evaluated. If the results 
of the evaluation were inconsistent by the two examining 
physicians, the images were evaluated jointly, and the 
agreed-upon results were recorded. 

Statistical analysis

Data analysis was performed using the SPSS statistical 
analysis software 17.0 (IBM, Armonk, NY, USA). 
Quantitative data were expressed as a percent of the total 
nodules, and the differences between the groups were 
analyzed using a chi-squared test. All measurements 

were represented by x±s. For the variables with normal 
distribution and homogeneity of variance, independent 
sample t-tests were used for data analysis. A P value of <0.05 
was considered statistically significant.

Results

Patient clinical information

One hundred and sixty-seven nodules were included in the 
study, including 83 cases of benign nodules and 84 cases of 
malignant nodules. There were 56 cases of nodular goiter 
(benign), 26 cases of thyroid adenomas, and one case of 
Hashimoto’s thyroiditis among the benign nodules. There 
were 79 cases of papillary carcinoma, two cases of medullary 
carcinoma, three cases of follicular carcinoma, and no 
undifferentiated types among the malignant nodules. 

Correlations between ultrasound evaluation and nodule 
pathology

The routine ultrasound assessment of the 167 nodules is 
shown in Table 1. Benign nodules and malignant nodules 
showed statistically significant differences in internal micro-
calcification, irregular nodule edges, aspect ratio, internal 
blood flow, and the presentation of the bilateral cervical 
lymph nodes. There were significant differences in the 
distribution of the two types of blood flow between the 
benign and malignant nodules (P<0.001). The incidence 
rate in the malignant nodules of the extracapsular invasive 
blood flow group (92.86%) was much higher than the 
incidence rate in the non-extracapsular invasive blood flow 
group (7.41%).

Blood flow types and ETEs

The incidence rate of malignant nodules was significantly 
different in the nodules with distinct types of blood flow. 
In the nodules with non-extracapsular invasive blood flow, 
the proportion of malignant nodules was only 7.41%, 
while in the nodules with extracapsular invasive blood 
flow, the proportion of malignant nodules was 90.70% 
(P<0.001). The extracapsular invasion of malignant 
nodules with different blood flow types is shown in  
Table 2. The incidence rate of ETE with extracapsular 
invasive blood flow was also significantly higher than 
that of non-encapsulated invasion in malignant nodules 
(P<0.001). Extracapsular vascular invasion was characterized 

Figure 1 Non-extracapsular invasive blood flow. Blood flows are 
seen inside or around the nodule, and the blood flow does not 
extend beyond the thyroid gland (white arrow).

Figure 2 Extracapsular invasive blood flow. Blood flows are seen 
inside or around the nodule, and the blood flow crosses the capsule 
and extends beyond the thyroid gland (white arrows).
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pathologically by neovascularization through the thyroid 
capsule, invading the extra-thyroid tissues (Figure 3).

Discussion

Several nerve bundles, capillaries, and lymphatic capillaries 
within the thyroid capsule make up the extrathyroidal 
tissues. Malignant nodules can invade the extracapsular 
tissues through these structures (6); however, this is unlike 
benign tumors which cannot invade extracapsularly. The 
closer the malignant nodules to the capsular, the more 
likely the malignant tumors are to invade the extracapsular 
site (7). The invasion and metastasis process requires 
the accompaniment and formation of neo-angiogenic 
microvessels. The blood vessels needed to supply malignant 
tumors can rapidly grow under the action of various 

regulatory molecules such as vascular endothelial growth 
factor, which provides a basis for tumor metastasis and 
invasion (8). 

A vascular invasion has been identified as an essential 
and independent prognosticator in many cancers (9,10). 
However, vascular invasions in thyroid cancer are only 
currently defined pathologically. This study aimed to 
determine the ultrasonographic signs of neovascularization 
in malignant tumors to predict the extracapsular invasion 
likelihood of tumors, using the advantages of a high-
frequency ultrasound combined with the pathological 
findings. A recent pathological study suggested that invasive 
blood vessels for malignant tumors are located within the 

Table 1 Routine ultrasonographic evaluation of 167 benign and malignant nodules

Variables Benign nodules (N=83) Malignant nodules (N=84) P value

Male 13 (15.66) 17 (20.24) 0.441

Age (years), mean ± SD 47.64±12.99 46.68±11.02 0.607

Max-diameter (cm), mean ± SD 1.45±0.58 1.29±0.68 0.114

Irregular edges (N=68) 8 (9.64) 60 (71.43) <0.001

Aspect ratio >1 (N=38) 5 (6.02) 33 (39.29) <0.001

Micro-calcification (N=98) 30 (36.14) 68 (80.95) <0.001

Internal blood flow (N=99) 40 (48.19) 59 (70.24) 0.004

Peripheral lymph nodes (N=19) 0 (0) 19 (22.62) <0.001

Non-extracapsular invasion (N=81) 75 (90.36) 6 (7.14) <0.001

Extracapsular invasion (N=86) 8 (9.64) 78 (92.86) <0.001

Unless otherwise specified, the above data are presented as percent of nodules; Percentage represents the number of nodules/the 
number of benign or malignant; P<0.05 was threshold for statistical significance between benign and malignant group. 

Table 2 The comparison of pathological results and extracapsular 
invasion among the malignant nodules combined with different 
blood flow 

Variables
Non-extracapsular 

invasion (N=6)
Extracapsular 

invasion (N=78)
P value

ETE 0 76 (97.44) <0.001

non-ETE 6 (100.00) 2 (2.56) <0.001

Unless otherwise specified, data are presented as percent 
of nodules; P value <0.05 indicates statistically significant 
difference between the non-extracapsular vascular invasion and 
extracapsular vascular invasion. ETE, extrathyroid extension.

Figure 3 Pathological characteristics of extracapsular vascular 
invasion (HE staining). The neovascularization of nodules crossed 
the thyroid capsule and invaded the extrathyroid tissue.
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tumor envelope or outside the tumor rather than inside the 
tumor itself (10-12). However, in this study, we observed 
that there are two types of blood flow in the thyroid nodules 
using a color Doppler. One is non-extracapsular invasive 
blood flow; that is, blood flow signals could be observed 
inside or around thyroid nodules; however, this blood 
flow did not extend outside the capsule. The other type 
of extracapsular invasion was when the blood flow signals 
could be observed inside or around the nodules. The blood 
flow extended across the capsule to the outside of the gland. 
Furthermore, the incidence rate of malignant nodules was 
significantly different in nodules within the two distinct 
types of blood flow. More importantly, we reported that 
the incidence rate of ETE in the nodules with extracapsular 
vascular invasion was significantly higher, indicating that 
extracapsular vascular invasion can not only be used as a 
biomarker of benign and malignant nodules but as a good 
indicator of ETE in malignant nodules.

In this study, we found that benign and malignant 
nodules were shown to have significant differences in 
the maximum diameter of the nodules, internal micro-
calcification, irregular nodule edges, aspect ratio, internal 
blood flow, and the presentation of bilateral cervical lymph 
nodes. Microcalcification, irregular edges, and aspect ratios 
>1 are the most specific indicators for judging malignant 
nodules, according to the 2015 American Thyroid 
Association management guidelines for adult patients with 
thyroid nodules and differentiated thyroid cancer (11). Our 
study found that the distribution of blood flow types also 
showed a significant difference between the two groups 
in addition to the above indicators, which provides a new 
method for evaluating benign and malignant nodules 
(P<0.001).

The thyroid gland is covered by two layers of connective 
tissues. The inner layer is a fibrous capsule, a true envelope 
of the thyroid gland, which is also referenced as the true 
capsule in the clinic. It envelops the thyroid tissues and 
penetrates the parenchyma of the gland, dividing the gland 
into several small thyroidal lobes of various sizes. The 
outer envelope includes the anterior tracheal fascia from 
the deep neck fascia. The pseudo capsule is usually absent 
in the anterior thyroid gland, which allows the glandular 
tissues of the thyroid isthmus to be directly connected to 
the extra-thyroid tissue and even the muscle tissues. The 
thyroid isthmus is usually not enveloped by the membrane, 
which allows malignant nodules located in the isthmus to 
have more direct contact with the extrathyroidal tissue, 
consequently increasing the likelihood of ETE compared 

with nodules located inside the thyroidal lobes (13). 
Therefore, for the malignant nodules found in the isthmus, 
the presence of extravascular capsule invasion must be given 
more considerable attention.

Furthermore, because the thyroid isthmus usually has 
no envelope tissue wrapping, it is difficult to judge the 
relationship between the capsule and the blood flow. This 
study did not include the isthmic nodules in the study 
considering the above reasons. For nodules located outside 
the isthmus, the signs of extracapsular vascular invasion can 
be well recognized, which is essential for determining if the 
nodules are benign or malignant and whether ETE occurs.

Due to the lack of a complete capsule in the thyroid 
gland, adequate ultrasonographic indicators for the 
prediction of extracapsular invasion are currently lacking. 
Kamaya et al. have previously shown that the degree of 
contact between the nodule and the capsule (1). They 
determined that the length of the contact is between the 
capsule and the perimeter of the nodule. Furthermore, the 
study also found some valuable indicators for predicting 
extracapsular invasion, such as the bulging of the thyroid 
capsule contour and echo disruption. Furthermore, it is 
essential to note that determining these indicators mainly 
relies on the examiner’s subjective visual judgment, making 
standardization challenging. Extracapsular vascular invasion 
is a useful evaluation index that can be easily observed 
and measured. It is a clear sign of color Doppler imaging, 
revealing the invasion effects of the malignant tumors on 
the capsule by clarifying the relationships between the 
thyroid capsule and the tumor blood vessels. Compared 
with indicators that require visual observation, it is easier to 
repeat and more objective. However, not all sub-mucosal 
malignant nodules showed extracapsular vascular invasion 
ability. In this study, out of the 84 malignant nodules, 78 
nodules showed extracapsular vascular invasion ability 
(92.86%). It is worth noting that this study does not include 
nodules without blood flow signals. Therefore, the sole 
reliability of extracapsular vascular invasion as a predictor of 
ETE is likely not sufficient; instead, for malignant nodules 
that are close to the capsule, it is necessary to evaluate and 
predict based on several indicators.

Jeon et al. found that blood vessel thickness inside and 
outside of the thyroid gland holds a predictive value for 
determining ETE (5). However, the measurement of blood 
vessel thickness by different physicians often produces 
high variability and does not yield good reproducibility 
as a metric. In this study, we determined that sufficient 
couplants should be applied to the probe, and the pressure 
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on the blood vessels and nodules should be reduced to 
improve the display rate of extracapsular vascular invasion 
during the scanning process. Multiple sections were 
scanned in series to avoid a blind spot for the subcapsular 
nodules with high suspicion of ETE. For nodules rich in 
blood flow, it was necessary to adjust the appropriate color 
gains, sampling volumes, and speed scales to reduce the 
disturbances caused by the blood flow that surrounds the 
outside of the capsule.

The limitation of this study is that as a single institution 
study, there may be bias in choice. In the future, there is 
a need to expand this single-institution study further to 
deter selection bias. And the case samples were too small. 
Also, since the ability of ultrasound to display posterior and 
lateral thyroid capsules is limited, additional tools may be 
considered to extend the coverage to include nodules in 
contact with the thyroid posterior or lateral capsules.

Conclusions

We conclude that high-frequency ultrasound can indirectly 
reflect the interactions between the capsule and the thyroid 
tumor via a relationship between the vessels of the thyroid 
tumor and the capsule. This relationship allows for the 
characterization of the tumor class and provides a useful 
indicator for predicting ETE. 
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