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Introduction

Over the past two decades, the global incidence of papillary 
thyroid carcinoma (PTC) has risen (1,2). Ultrasonographic 
(US) evaluation can provide accurate information about 
thyroid structures, blood flow, and adjacent tissues, and 
has therefore been the first-line imaging tool for detecting, 
stratifying risk, and monitoring treatment of thyroid 

nodules (3-5). Advances in diagnostic techniques have 
made it easier to diagnose PTC before thyroidectomy 
(3-5). Most patients with PTC can expect an excellent 
prognosis after appropriate therapy (6); however, for a 
minority, PTC is relatively aggressive, resulting in a poorer 
prognosis (7). Different variants of PTC have been reported 
in previous documents (8). The encapsulated follicular 
variant, the cribriform-morular variant, and the Warthin-
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like variant are associated with favorable outcomes (8). 
While, tall cell variant, the columnar cell variant, and the 
hobnail are associated with more unfavorable outcomes (8).  
The BRAF V600E mutation are closely related to the 
unfavorable variants (9-11). The solid variant and the 
diffuse sclerosing variant (DSV) may be associated with less 
favorable outcomes (8). Radiologists attempt to establish 
a relationship between ultrasound manifestations and 
different variants (8-11). Different variants can have the 
similar ultrasonic performance (8-11). 

In addition to the above, different variants and BRAF 
V600E mutation are associated with the outcome (9-11). 
In a previous study by Lin et al., patients with multicentric 
PTC were indicated to have a relatively poor prognosis 
compared with those with unifocal PTC (12). The study 
suggested that patients with multicentric papillary thyroid 
microcarcinoma (PTC <1.0 cm) should be categorized as a 
high-risk group (12). In Lin et al.’s retrospective study (12),  
a total  of 1,682 PTC patients who received total 
thyroidectomy were analyzed. Of all the cases of PTC, 
337 cases (20.0%) were multicentric PTC, and 45.8% of 
patients with multicentric PTC with five foci experienced 
cancer recurrence (12). Nodule size is an important 
factor in choosing treatment for PTC. According to the 
recommendations of the American Thyroid Association 
guidelines, low-risk PTC patients with a maximum tumor 
diameter of ≤10 mm can receive hemithyroidectomy (13). 
Preoperative detection of multicentric PTC, especially 
bilateral PTC, may affect the choice of surgeon. In Lin  
et al.’s study, the size of the largest nodule in patients with 
multicentric PTC was significantly smaller than that in 
patients with unifocal PTC (12). The smaller nodule size 
in PTC increases the difficulty of US evaluation. Because 
multicentric PTC may be a potential poor predictor (12), 
patients’ outcomes may be improved by preoperative 
detection of multicentric PTC.

Clinical information on preoperative ultrasound 
evaluation of multicentric PTC is limited. Previous studies 
did not described the association of multicentric PTC with 
variants or mutation (8,11). This study aimed to investigate 
the preoperative evaluation of multicentric PTC by US. 
The association between US findings with lymph node 
metastasis and extracapsular extension in PTC patients who 
underwent total thyroidectomy was also evaluated.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-487). 

Methods

Ethical approval 

This study has been approved by Ethics committee of 
our hospital (No. 2018032). Informed consent was taken 
from all the patients. The study was conducted in strict 
accordance with the Declaration of Helsinki of the World 
Medical Association. 

Inclusion and exclusion criteria for patients

All patients discharged from January 1, 2018 to December 
31, 2018 were screened using the hospital’s surgical 
registration system. The medical records of patients who 
underwent thyroidectomy during the study period were 
retrospectively reviewed. The inclusion criteria were as 
follows: (I) patient underwent total thyroidectomy with 
or without neck lymph node dissection; (II) preoperative 
ultrasonography was performed in our hospital; and (III). 
The diagnosis of PTC was confirmed by postoperative 
histopathological examination. Patients aged <18 years or 
who had missing data were excluded from the analysis. We 
only chose patients underwent total thyroidectomy in the 
present study. The results of histopathology can accurately 
diagnose unifocal PTC or multicentric PTC.

Ultrasonography and Doppler sonography of the thyroid 
before operation

Ultrasonography and Doppler sonography of the thyroid 
were performed by experienced radiologists using a 
high-frequency (10 MHz or higher) linear probe. The 
radiologists were fully trained and had obtained professional 
certifications. The patients were placed in the supine 
position with maximal tolerated neck extension. Gray-
scale US evaluation included transverse and longitudinal 
images of both lobes. The transverse image of the isthmus 
and the thickness of the isthmus on the transverse view 
were also evaluated. The imaging features of visible nodules 
were recorded (3-5). The nodules were graded based on 
TI-RADS (14). Imaging features of the nodules included 
size, composition, shape, margins, echogenic foci and 
calcifications, effect on the thyroid capsule, and/or extension 
beyond the capsule (3-5). The shape of the nodules was 
defined as oval, round, nonparallel, or irregular (3). Based 
on the results of the previous study, a taller-than-wide shape 
is a highly specific indicator of malignancy (15). The margin 
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was classified as well defined or not. The composition of 
the nodules was classified as cystic, predominantly cystic 
(cystic portion >50%), predominantly solid (solid portion 
>50%), solid, or spongiform (3-5). Using adjacent thyroid 
tissue as the basis for comparison, the echogenicity of 
each visible nodule was described as hyperechogenic, 
isoechogenic, or hypoechogenic; however, when markedly 
hypoechoic nodules were defined, the strap muscles served 
as the reference (3-5). Calcifications were classified as none, 
microcalcifications (≤1 mm), macrocalcifications (>1 mm), 
or mixed or rim calcifications (3-5,16,17). The following 
features were defined as extracapsular extension (18): (I) 
the thyroid nodule seen to abut the capsular margin; (II) 
bulging of the normal thyroid contour; (III) loss of the 
echogenic capsule; and (VI) vascularity beyond the capsule, 
detected by Doppler ultrasonography.

To evaluate tissue adjacent to the thyroid, especially the 
cervical lymph nodes, US scanning should be extended 
beyond the thyroid borders (3-5). In the presence of 
abnormal cervical lymph nodes, imaging features of the 
nodule were recorded. Doppler imaging of the thyroid was 
performed after gray-scale ultrasound was completed. 

Data collection

Demographic data including the patient's name, gender, 
and age were collected. All records of US evaluation were 
obtained from the hospital’s electronic databases. The 
US evaluations of cases meeting the inclusion criteria 
were reviewed and the data were collected. The data from 
postoperative pathological examination were also obtained. 
Pathological diagnosis information included the diagnosis 
of thyroid nodules, extension or no extension beyond the 
capsule, other thyroid diseases, lymph node metastasis or no 
lymph node metastasis, and missed diagnosis by US.

Data analysis

The data were input and collected using Microsoft Excel. 
Data analysis was performed using Statistical Product and 
Service Solutions (SPSS22.0, IBM). Continuous variables 
were represented by mean ± standard deviation for normally 
distributed variables or by median and interquartile for 
variables with skewed distributions. The categorical 
variables were presented as absolute. Benign and malignant 
nodules were determined based on the pathological 
findings, and the differences in characteristics between 

benign and malignant nodules were tested. Based on the 
characteristics of the variables, Student’s t-test or Wilcoxon 
rank-sum test was used for continuous variables and Fisher’s 
exact test was used for categorical variables. A two-tailed P 
value <0.05 was considered significant. 

Results

From January 1, 2018 to December 31, 2018, 436 patients 
(>18 years) underwent thyroidectomy in our hospital. 
Excluding the repeated cases, patients who underwent 
subtotal thyroidectomy, and patients with incomplete 
data, 89 patients who underwent total thyroidectomy were 
included in the present study (Figure S1). 

Clinical and US characteristics of 89 patients who 
underwent total thyroidectomy

The mean age of the 89 patients who underwent total 
thyroidectomy was 46 (19–71) years old. Of the included 
patients, 28 (31.46%) were male and 61 (68.54%) were 
female. Neck lymph node dissection was received by 81 
patients. Before surgery, 164 thyroid nodules were detected 
by US. US detected 1 thyroid nodule in 21 patients, and 
>1 nodule in 68 patients (2 nodules in 61 patients and 3 
nodules in 7 patients). Patient clinical and US characteristics 
are listed in Table 1.

Characteristics and final diagnoses of 164 thyroid nodules 
detected by preoperative ultrasound 

Of the 164 thyroid nodules, 122 (73.94%) nodules were 
malignant. The median size of the thyroid nodules was  
9 mm. The difference in median size between the benign 
nodules and the malignant nodules was not significant. 
The pathological diagnosis of 42 benign nodules included 
32 cases of nodular goiters, 6 cases of nodular goiters with 
nodular hyperplasia, 2 cases of Hashimoto’s thyroiditis, and 
2 cases of cystic degeneration of thyroid adenoma. Despite 
the overlap between some features of benign and malignant 
thyroid nodules, there were significant differences in US 
pattern between the benign and malignant thyroid nodules. 
Twenty-two malignant nodules were taller-than-wide shape. 
Four malignant nodules were lobulated. In total, six patients 
were diagnosed as Hashimoto’s thyroiditis complicated 
PTC. In the present study, 83 patients received fine needle 
aspiration (FNA) puncture before operation.
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Table 1 Clinical and ultrasonographic characteristics of 89 patients who underwent total thyroidectomy

Items Total (N=89)

Age (years) 46.1±11.6

Gender (male/female) 28/61

Cervical lymphadenectomy 81

No. of nodules detected by preoperative ultrasound 

1 nodule 21

2 nodules 61

3 nodules 7

Lymphadenopathy detected by preoperative ultrasound 23

Neck lymph node metastasis
(confirmed by operation and pathological diagnosis)

37

Multicentric thyroid cancer 33

Bilateral thyroid cancer 21

Left lobe & isthmus 2

Right lobe & isthmus 2

Left lobe 4

Right lobe 3

Left lobe & right lobe & isthmus 1

Missed diagnosis of malignant nodules by ultrasonography (patients) 17

Detection of malignant thyroid nodules by US in patients 
with multicentric PTC 

Of the 89 patients with PTC, 33 (37.08%) cases were 
confirmed as multicentric PTC by operation and 
pathological examination. Out of the cases of multicentric 
PTC 22 (66.67%) were bilateral, 7 were unilateral, and 4 
were in the right or left lobe and isthmus. Before surgery, 
23 patients were suspected as multicentric PTC by US. 
Pathological examination revealed that malignant nodules 
in 17 (51.51%) patients with multicentric PTC had been 
missed by preoperative US. The malignant nodules that 
went undetected by US were micronodulars (1–4 mm). 
In 2 patients, more than 5 micro-nodules (1–2 mm) were 
scattered in the thyroid gland. From the 33 patients with 
multicentric PTC, 17 were confirmed as having lymph 
node metastasis. The incidence of lymph node metastasis 
was higher in patients with multicentric PTC than in those 
with monocentric PTC (17/33 vs. 20/56). However, the 
difference was not significant. In total, 23 patients were 
pathologically diagnosed with extracapsular extension, and 

9 of these patients were multicentric. Therefore, it can see 
that there was no association between multicentric PTC 
and extracapsular extension (9/33 in multicentric PTC 
vs. 14/56 in monocentric PTC). Characteristics and final 
diagnoses of 164 thyroid nodules detected by preoperative 
US were presented in Table 2. Figures 1-5 showed the US 
imaging of thyroid malignant nodule.

US evaluation of metastatic lymph nodes in the neck and 
extracapsular extension 

Enlarged neck lymph nodes were detected by preoperative 
US in 23 patients; however, cervical lymph node metastasis 
was confirmed by operation and pathological diagnosis in 
37 patients. Based on US, 37.84% of the cases of PTC with 
metastatic lymph nodes were missed diagnosis. Of the 23 
patients with pathologically proven extracapsular extension, 
US features of extracapsular extension were detected in 19 
patients, and 21 patients had cervical lymph node metastasis 
confirmed by pathology.
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Table 2 Characteristics and final diagnoses of 164 thyroid nodules detected by preoperative US

Items Total (N=164) Malignant nodule (N=122) Benign nodule (N=42) P value

Transverse length (mm) 9 [5, 14] 9 [5, 13] 9 [5, 15] 0.54

Anteroposterior length (mm) 6.8 [4, 10] 7.45 [5, 10] 5 [3, 8] 0.004

Taller-than-wide shape 22 0

Well-defined margin 100 60 40 <0.001

Solid or predominantly solid/cystic 142/1 119/0 23/1 <0.001

Hypoechogenic & markedly hypoechoic 139 117 22 <0.001

Microcalcifications /macrocalcifications  
/microcalcifications + macrocalcifications

47/11/2 44/9/1 3/2/1 0.001

Blood flow (none/streaky /spotted /cyclic) 23/110/30/1 6/95/21/0 17/15/9/1 <0.001

TI-RADS <0.001

2 1 0 1

3 53 16 37

4a 71 67 4

4b 26 26 0

4c 8 8 0

5 5 5

US, ultrasonographic.

Discussion

In the present study, we retrospectively analyzed data from 
89 patients who underwent total thyroidectomy. In total, 
164 thyroid nodules were detected by preoperative US. 
Most patients received FNA before receiving operation. 
Significantly differences in US pattern were found between 
benign and malignant nodules. TI-ARDS was used to 
evaluate the nodules: 87% of malignant nodules were 4a-

5, while almost 91% of benign nodules were 2–3. This 
indicates that US has good sensitivity and specificity in 
distinguishing benign and malignant thyroid nodules. In  
33 cases with multicentric PTC, only 23 (70%) patients 
were suspected as multicentric PTC by preoperative US. 
The missed malignant nodules were micronodulars (1– 
4 mm). US evaluation is not sensitive enough to detect 
multicentric thyroid malignant nodules and is also less 
sensitive in diagnosing neck lymph node metastasis.

Figure 1 The shape of the malignant nodules. (A) A malignant nodule with taller-than-wide shape; (B) a lobulated malignant nodule. 
Scattered red spot: blood flow.

BA 6

–6
cm/s
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Figure 2 PTC confirmed by pathology and calcifications detected in US. (A) Microcalcification; (B) macrocalcification; (C) 
microcalcification and macrocalcification; (D) eggshell calcification. PTC, papillary thyroid carcinoma; US, ultrasonographic. Red spot: 
blood flow.

B

D

A

C

Figure 3 (A) Papillary thyroid microcarcinoma (1.3×2.3 mm) suspected by US and confirmed by pathology; (B) PTC with spotted blood 
flow (red spot) detected in US. US, ultrasonographic; PTC, papillary thyroid carcinoma.

BA

Thyroid nodules are extremely common. Ultrasonography 
is the first-line imaging technique for evaluating thyroid 
nodules (3-5). The role of thyroid sonography is to detect 
the nodules and determine potential patients who need 
biopsy (3-5,13,14). Previous studies have proposed that 
the following multiple sonographic characteristics indicate 
malignancy: solid or predominantly solid, taller-than-
wide shape, hypoechogenicity, poorly defined margins, 
microcalcifications, increased vascularity, perithyroidal 
infiltration, and metastatic lymphadenopathy (3-5,19-24). 

Purely cystic or spongiform nodules are almost benign  
(3-5,24). Typical malignant features often appear as a solid 
hypoechoic nodule with microcalcification, a spiculated/
microlobulated margin, (8). We observed results similar 
to those of previous studies. Of all 122 malignant nodules, 
119 nodules were solid, 117 nodules were hypoechogenic, 
and vascularity was detected in 116 nodules. However, 
microcalcification and a spiculated/microlobulated margin 
were not sensitive for malignant nodules.

Not all US characteristics proposed as indicators of 
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malignancy have high sensitivity. Cappelli et al. (19) 
retrospectively analyzed the cytological and histological 
results of 7,455 nodules. A diagnosis of carcinoma was 
histologically confirmed in 284 nodules. Microcalcifications, 
blurred margins, hypoechogenicity, size, and intranodular 
vascular  pattern were associated with mal ignant  
nodules (19). However, no single parameter alone is enough 
to warrant investigation by FNAC (19), they concluded 
that to achieve balance between missing malignancies 
and cost benefit, taller-than-wide shape with at least two 
features out of microcalcification, blurred margins, or 
hypoechoic pattern is the best compromise (19). Taller-
than-wide shape is a good predictor for malignancy; 
however, its sensitivity is low. In the present study, only 
22 (18.03%) malignant nodules were taller-than-wide 
shape (when the anteroposterior diameter is longer 
than the transverse diameter) (19). Microcalcification 
also offers benefit in predicting malignancy. Several 

studies have indicated that microcalcifications are more 
commonly seen in malignant nodules. In Yin et al.’s 
study (17), the incidence of malignancy was 61.3% in 
patients with calcifications, and in Hong et al.’s study (24), 
microcalcification existed in 59.88% (194/324) of patients 
with malignant nodules. Microcalcifications detected by 
ultrasound may be pathologically related to psammoma 
bodies in follicular carcinoma (25). Microcalcifications 
may be a useful prognostic indicator of aggressiveness in 
PTC (26). In the present study, microcalcifications were 
detected in 44 (35.77%) cases with PTC. Therefore, 
microcalcifications in PTC were less common in the 
present study than in Yin’s study (17). However, in Yin 
et al.’s study (17), microcalcifications were defined as  
<2 mm, which differs from the present study. Other than 
microcalcifications, macrocalcifications might also serve 
as an indicator of PCT (16,26-28). In Arpaci et al.’s study, 
the incidence of malignancy and suspicious for malignancy 
were higher in nodules with macrocalcification than those 
without, which suggested that macrocalcifications are 
not always benign (16). Macrocalcifications, including 
eggshell macrocalcifications, were detected in 11 patients 
with PTC in our study, thus supporting the point that 
macrocalcifications are not always benign. 

There is some overlap in the US features of benign and 
malignant nodules, and not one indicator is perfect. The 
Thyroid Imaging Reporting and Data System (TIRADS) 
system integrates these US features (13-15). The ACR 
TI-RADS allows practitioners to quantify the ultrasound 
features from a standardized lexicon and give advice for 
further processing (3-5). According to TI-RADS, TR4 is an 
indicator of moderately suspicious malignancy, while TR5 
implies highly suspicious malignancy (13-15). In the present 
study, 106 cases with PTC were scored as TR4 or TR5 
based on TI-RADS.

In a minority of cases, PTC is highly aggressive, and 
so identifying high-risk tumors is important in clinical 
practice. Age, tumor grade, extension, histological grade 
are all indicators for clinical decision-making. In Džepina 
et al.’s study (29), the data of 714 patients with PTC were 
retrospectively analyzed. It was found that 232/669 (34.7%) 
of PTCs were multicentric, with foci in the contralateral 
lobe detected nearly twice as often as in the ipsilateral 
lobe. In Cheema et al.’s study (30), 23% of papillary 
microcarcinomas of the thyroid were multifocal. Some 
previous studies have supported the inclusion of patients 
with multicentric tumors in the high-risk group (31).

Figure 5 PTC extracapsular extension detected by US. PTC, 
papillary thyroid carcinoma; US, ultrasonographic.

Figure 4 Lymph node metastasis of PTC. PTC, papillary thyroid 
carcinoma.
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Whether multicentric PCT is an indicator of poor 
prognosis is controversial. Based on data of 1,039 PTC 
patients, those with multifocal PTC were more prone 
to have lymph node metastases, more advanced disease, 
and had higher mortality (32). Multifocality in PTC is 
a marker of more extensive disease at presentation but 
is not an independent prognostic factor for long-term 
outcomes (32). Because multifocality may not be linked 
to metastatic disease, more extensive surgery may help 
to improve the outcome for patients with multicentric 
PTC. According to current clinical guidelines, total or 
subtotal thyroidectomy is a choice for patients with PTC 
<10 mm based on preoperative comprehensive evaluation 
(13-15). For multicentric tumors, lobectomy may lead to 
incomplete surgical treatment, therefore influencing the 
outcome. Although US is the first-line tool for screening 
thyroid nodules, data on the use of US for the detection 
of multicentric PTC is insufficient. In the present study, 
33/89 (37.08%) of PTC cases were multicentric; however, 
preoperative US missed the diagnosis of malignant nodules 
in 17 (51.51%) patients with multicentric PTC. US has 
sufficient sensitivity for detecting thyroid nodules. However, 
the malignant nodules in these cases were small (1–3 mm), 
which may have considerably contributed to the diagnosis 
being missed in ultrasound evaluation. In two patients, 
multiple small malignant nodules were scattered in the 
thyroid tissue. This multiple folic may imply multicentric 
intrathyroid dissemination (17).

 In addition to multicentric tumors, ultrasound is also less 
sensitive to lymph node metastasis. However, its detection 
rate for the infiltration of thyroid nodules is excellent. 
In Kamaya et al.’s study (18), it showed 100% sensitivity 
for detecting the presence of capsular abutment and 88% 
sensitivity for the detection of extracapsular extension. It 
had highly specificity but low sensitivity for vascularity 
beyond the capsule in the diagnosis of extracapsular 
extension (18). The results of the present study also indicate 
that US is a useful tool for the detection of extracapsular 
extension. 

The present study has some limitations that need to be 
addressed. First, it was a single-center, retrospective study 
with a relatively small sample size compared to those in 
previous similar studies. In any retrospective study, it is 
difficult to ensure the consistency of the data, which in 
this case was US evaluation and measurements by multiple 
operators. Second, only patients who underwent total 
thyroidectomy were selected in the analysis of multicentric 
PCT. We did not include patients with multicentric 

PCT who underwent subtotal thyroidectomy. Third, 
contrast-enhanced sonography, which may be a valuable 
supplemental method in identifying and distinguishing 
between benign and malignant thyroid nodules, was not 
included (33). In the present study, data on contrast-
enhanced sonography is very limited and only several 
patients received contrast-enhanced sonography. 

 Finally, several studies indicated that sonography can 
predict the BRAF mutational status which is associated 
with aggressive PCT (9-11). We did not combine the result 
of BRAF mutation and US to analyze. Combination of 
contrast-enhanced sonography and BRAF mutation is more 
sensitive and accurate in detecting malignant nodules and 
predicting outcome (8-11).

Conclusions

US evaluation is not sensitive enough to detect multicentric 
PTC. The minute size of some nodules in multicentric 
PTC may lead to them being missed by US evaluation. 
Ultrasonography is an optional tool for the detection of 
extracapsular extension, but it is less sensitive for diagnosing 
lymph node metastasis.
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Figure S1 Flow chart of this study.

Thyroidectomy & age >18 years  
N=436

Excluding 14 repeated cases  
N=422

Excluding 319 subtotal thyroidectomy 
N=103

Excluding missing data [14] 
Including 89 cases
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