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Abstract. The aim of the present study was to compare the
multidetector computed tomography (MDCT) features of
benign and malignant nodules in patients with chronic lymphocytic thyroiditis (CLT). MDCT findings, including the size,
solid percentage, calcification, margin, capsule, anteroposterior‑transverse diameter ratio as well as the mode and the degree
of enhancement of 137 thyroid nodules in 127 CLT cases were
retrospectively analyzed. Furthermore, the correlation between
MDCT findings and pathological results combined with the CT
perfusion imaging was analyzed for the differences between
benign and malignant nodules. A total of 77.5% (31/40) of
malignant nodules were completely solid, and 33% (32/97) of
benign nodules were predominantly cystic. Compared with
the benign nodules, micro‑calcification and internal calcification were more frequently observed in the malignant nodules
(P<0.05). MDCT features such as ill‑defined margin, absence
of capsule or incomplete capsule or homogeneous enhancement were more likely to be present in the malignant nodules
(P<0.05). Nevertheless, no significant difference was observed
in the enhancement degree at arterial or venous phase between
benign and malignant nodules (P>0.05). MDCT features are
useful in differentiating the benign and malignant nodules in
CLT patients, and it may be essential for a radiologist to review
the MDCT characteristics of nodules in the clinical practice.
Introduction
Chronic lymphocytic thyroiditis (CLT), also termed Hashimoto
thyroiditis, is a type of autoimmune disease characterized by
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thyroid antigen response and T and B lymphocytes infiltration (1,2). Generally, 95% of CLT cases occur in women,
particularly among women between 30 and 50 years of age (3).
Thyroid nodule is a common disease found in the thyroid,
and CTL usually coexists with benign and malignant thyroid
nodules (4‑6). In the majority of cases, CTL combined with
malignant thyroid nodules was the reason for surgery and most
patients underwent surgery following an inconclusive diagnosis (7). Therefore, it may be of significant clinical benefit to
identify a method to distinguish between benign and malign
thyroid nodules.
Previously, cases of CLT with thyroid nodules were typically diagnosed by ultrasonography (6,8,9) and fine needle
aspiration biopsy (FNAB) (10‑12). However, there remains a
lack of specific sonographic features that provide a prediction value with high sensitivity and high positivity in thyroid,
which makes it difficult to differentiate benign nodules from
malignant nodules in CLT patients. Yang et al (13) conducted a
clinical trial enrolling 1,100 patients and the authors observed
that only a specificity of 75% was confirmed by using thyroid
biopsy (13). Notably, a study has recommended the application
of multidetector computed tomography (MDCT) in thyroid
nodules diagnosis (14). However, MDCT has not previously
been used to differentiate the benign from malignant nodules
thyroid nodules in CLT patients.
In the present study, 137 thyroid nodules in 127 CLT
patients combined with benign and malignant thyroid nodules
underwent MDCT perfusion imaging. The present study retrospectively analyzed the characteristics of nodules, including
the size, solid percentage, calcification, margin, capsule,
anteroposterior‑transverse diameter ratio as well as the mode
and the degree of enhancement. In addition, the correlation
between pathological results and the computed tomography
(CT) perfusion imaging was also analyzed for assessing the
differences between benign and malignant nodules.
Subjects and methods
Subjects. A total of 127 CTL patients (10 males and
117 females; median age, 52 years, range 19‑77 years) diagnosed with thyroid nodules by palpation or B‑mode ultrasound
from January 2005 to December 2013 at the Tongren Hospital
Affiliated to Shanghai Jiaotong University School of Medicine
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(Shanghai, China) were retrospectively reviewed in the study.
The nodules were confirmed as benign or malignant nodules
by surgery. In addition, all the patients received an MDCT
scan on the thyroid less than a week prior to surgery, and the
patients did not receive any treatment during the week.
The present study was approved by the hospital medical
ethics committees and written informed consent was obtained
from all participants.

A

MDCT technical parameters. The patients were placed in a
supine position with hyperextended neck. All CT perfusion
images were obtained using a MDCT scanner (Lightspeed
Pro32 CT; GeneralElectric, Milwaukee, WI, USA) with
the following parameters: 2.5‑mm section thickness and
section slice, and 30‑35 sec scan delay at an arterial phase
while 50‑60 sec scan delay at a parenchymal phase. The
scanning range was initially performed in a craniocaudal
direction from the superior border of hyoid to the aorta arch,
including the entire thyroid mass (mean coverage, 250 mm).
Each patient received 100 ml of nonionic contrast material
(iohexol, 300 mg/ml, GE Healthcare) via a peripheral arm
vein at a flow rate of 2.5‑3 ml/s and a dose of 1.5 ml/kg.
After 2 sec, axial images were reconstructed at 1.25‑mm
increments at the end of the scan and then the coronal section
was reconstructed.

Figure 1. Characteristics of chronic lymphocytic thyroiditis and right
lobe papillary cancer by computed tomography pathological microscopy.
(A) Enhanced computed tomography suggested cystic degeneration accompanied with enhanced wall nodules with incomplete capsule and incomplete
enhanced rings. (B) Papillary growth and extracapsular extension of the
cancer cells, the mature lymphocytes infiltration and lymphoid follicular formation in the periphery tissues (hemotoxylin and eosin; magnification, x40).

Image analysis. Hard copies were analyzed by two radiologists who recorded every nodule with regard to diagnostic
confidence and nodule size to correct classification into one
of the size classes. Disagreement would be resolved through
discussing with another experienced radiologist. The CT
features were defined as follows through combining the
studies by Kim et al (12) and Kang et al (15): i) Solid vs. cystic:
Completely solid (>95% solid), predominantly solid (50‑95%
solid), predominantly cystic (1‑49% solid); ii) calcification:
Micro‑calcification (diameter ≤2 mm), macro‑calcification
(diameter >2 mm), eggshell (arc‑shaped or semi arc‑shaped)
or mixed (coexist with multiple calcification) in morphology;
internal or peripheral calcification in position; iii) margins:
Well‑defined or ill‑defined at enhancement stage; iv) capsule:
Intact, incomplete, or unclear and none; v) enhancement
mode: Completely cystic, not enhanced, homogeneous
enhancement or heterogeneous enhancement; vi) lesion size:
Maximum diameter of the lesion; vii) the ratio of anteroposterior to transverse diameter; viii) enhancement degree:
The net enhancement value at arterial or venous phase was
calculated by enhanced CT scan value subtracting plain CT
scan value. The measurement of the CT values should avoid
regions presented with cystic change, necrosis, calcification
and vessels.

Figure 2. Characteristics of chronic lymphocytic thyroiditis and right lobe
medullary cancer by computed tomography pathological microscopy.
(A) Plain computed tomography showed low density nodule, ill‑defined
margin and central micro‑calcification (arrow) was found at the right lobe
thyroid. (B) Peninsula growth pattern of cancer cells and the cells were isolated by fibrous tissues and amyloid substance, and irregular narrow without
capsule was found between cancer cells and adjacent tissues. The mature
lymphocytes infiltration and lymphoid follicular formation in the periphery
region (hemotoxylin and eosin; magnification, x40).

Hematoxylin and eosin (HE) staining. The nodule tissues of
the CLT patients were fixed in 10% formalin and embedded
in paraffin. Next, the tissues were cut into 5‑µm consecutive
sections and stained with HE. The images were observed
under a Leica DM2500 fluorescence microscope (Leica
Microsystems GmbH, Wetzlar, Germany).
Statistical analysis. All the statistical analyses were
performed using SPSS 17.0 software (SPSS, Chicago, IL,

A

B

B

USA). The Chi‑square test was used to analyze the differences
among enumeration data. Student's t-test was used for data
measurement after homogeneity test of variance. A value of
P<0.05 was considered to indicate a statistically significant
difference.
Results
Pathological features of the lesions. Among the CTL
patients, 40 cases coexisted with malignant nodules, including
26 cases of papillary cancer (Fig. 1A and B), 10 cases of
microcarcinoma, 1 case of papillary cancer combined with
microcarcinoma, 2 cases of medullary cancer (Fig. 2A and B),
and 1 case of lymphoma. Totally, 87 CLT patients coexisted
with benign nodules, including 63 cases of follicular adenoma
(Fig. 3A and B), 7 cases of nodules goiter and 17 cases of
nodules hyperplasia (Fig. 4A and B). In addition, among the
40 patients with malignant nodules, including 3 papillary
cancer patients, 1 medullary cancer patient and 5 microcarcinoma patients combined with benign follicular adenoma
at contralateral side, were also divided into benign group.
Finally, 137 nodes from 127 cases were enrolled in this study,
including 97 nodules from benign group and 40 nodules from
malignant group.
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Table I. Comparison of multi‑slice computer tomography features of benign and malignant nodules.
Nodule characteristic
Solid vs. cystic
Completely solid
Predominantly solid
Predominantly cystic
Calcifications
Incidence
Micro
Macro
Eggshell
Mixed
Internal
Peripheral
Margins
Well‑defined
Ill‑defined
Capsule
Intact
Unclear or none
Incomplete
Enhancement
Completely cystic
Homogenous
Heterogeneous

A

Benign (%)

Malignant (%)

χ2 value

P‑value

32.0 (31/97)
35.0 (34/97)
33.0 (32/97)

77.5 (31/40)
22.5 (9/40)
0 (0/40)

23.709
2.072
17.217

<0.001
0.150
<0.001

21.6 (21/97)
5.2 (5/97)
8.2 (8/97)
2.1 (2/97)
6.2 (6/97)
19.0 (4/21)
81.0 (17/21)

37.5 (17/40)
22.5 (11/40)
7.5 (3/40)
2.5 (1/40)
5 (2/40)
88.2 (15/17)
11.8 (2/17)

6.143
11.629
0.000
0.000
0.000
17.989
17.989

0.013
0.001
1.000
1.000
1.000
<0.001
<0.001

76.3 (74/97)
23.7 (23/97)

25.0 (10/40)
75.0 (30/40)

31.408
31.408

<0.001
<0.001

63.9 (62/97)
36.1 (35/97)
0 (0/97)

7.5 (3/40)
65.0 (26/40)
27.5 (11/40)

36.152
9.588
25.399

<0.001
0.002
<0.001

21.6 (21/97)
25.8 (25/97)
52.8 (51/97)

0 (0/40)
55 (22/40)
37.5 (15/40)

10.228
10.734
2.579

0.001
0.001
0.108

B

Figure 3. Characteristics of chronic lymphocytic thyroiditis and left lobe
follicular adenoma by computed tomography pathological microscopy.
(A) Enhanced computed tomography demonstrated peninsula enhancement and central cystic degeneration were observed in one nodule of left
lobe. A low density halo (arrows) with well‑defined margin is observed in
the periphery region. (B) Pathological microscopy demonstrated that intact
capsule accompanied with normal follicular pattern, characterized by
homogeneous size distribution. The mature lymphocytes infiltration and
lymphoid follicular formation in the peripheral region (hemotoxylin and
eosin; magnification, x40).

Comparison of benign and malignant nodules within CLT. As
demonstrated in Table I, there were significant differences in
the CT features, including completely solid, predominantly
cystic, calcification rate, micro‑calcification, peripheral calcification, internal calcification, well or ill‑defined margins, intact
or incomplete capsule and homogenous enhancement between
benign and malignant group (P<0.05). Most of the malignant
nodules showed completely solid composition (31/40), and

A

B

Figure 4. Characteristics of chronic lymphocytic thyroiditis with cystic
degeneration by computed tomography pathological microscopy.
(A) Enhanced computed tomography demonstrated a diffuse decrease of
density in right lobe of the thyroid with a cystic nodule. (B) Pathological
microscopy showed that cystic wall formed by fibrous tissues. Mature
lymphocytes infiltration was found inside cystic wall in peripheral tissues.
No lymphoid follicular formation was observed (hemotoxylin and eosin;
magnification, x40).

none of samples among malignant was predominantly cystic.
However, only 33% (32/97) of the predominantly cystic
composition were found in benign nodules. Compared with the
benign nodules, calcification was more frequently observed
in malignant nodules (37.5 vs. 21.6%), mainly exhibiting as
micro‑calcification (22.5 vs. 5.2%) and internal calcification
(88.2 vs. 19.0%). Well‑defined (76.3%) and intact capsule
(63.9%) were present in most of benign nodules. There was
a trend towards ill‑defined margin (75.0%), unclear (65.0%)
or incomplete (27.5%) capsule in most of malignant nodules.
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Table II. Comparison of morphological characteristics of benign and malignant nodules (mean ± standard deviation).
		
Classification		
of nodules
Nodule sizea
Benign
15.5±8.1
Malignancy
11.8±6.1
t value	‑2.544
P‑value
0.012

Anteroposterior		
and transverse		
diameter ratio
Plain scanb
1.10±0.25
71.1±22.1
1.03±0.14
66.5±23.1
1.618	‑1.024
0.112
0.308

Net enhancement
degree at arterial
phaseb

Net enhancement
degree at
venous phaseb

86.8±40.5
88.3±51.4
0.165
0.8691

48.6±27.6
54.1±27.5
1.01
0.315

mm; bHU.

a

Among malignant nodules, 7 presented with incomplete
enhanced ring. Among the heterogeneous benign nodules,
16 were peninsula‑like enhancement which has irregular low
density area in the periphery region or significantly enhanced
nodules in the central region, while only 7 patients in the
malignant group presented peninsula‑like enhancement. In
addition, the incidence of malignant nodules was significantly
higher than the benign nodules (55.0 vs. 25.8%, P<0.05) among
the homogeneous nodules.
As presented in Table II, the size of the benign nodules was
significantly larger than the malignant nodules, but the ratio
of anteroposterior to transverse diameter, anteroposterior to
net enhancement degree at arterial or venous phase were not
significantly different between the two groups (P>0.05).
Discussion
Although the association between CLT and thyroid
cancer remains controversial (16), emerging evidence has
demonstrated that there is an increased risk of papillary
thyroid carcinoma for patients with CLT (17‑19). In the present
study, among patients with CLT, the incidence of malignancy
was 31.5% (40/127), including 26 papillary cancer cases and
11 microcarcinoma cases. Notably, malignant nodules were
normally characterized by having a completely solid composition, internal calcification, ill‑defined margin, an unclear or
incomplete capsule, while benign nodules were more likely
to have peripheral calcification, well‑defined margins and an
intact capsule. In addition, the size of the benign nodules was
significantly larger than the malignant nodules.
In accordance with the findings by MDCT, sonographic
analysis of benign and malignant nodules in diffuse hashimoto
thyroiditis patients has demonstrated that malignant nodules
were more likely to be solid and hypoechoic (1). In addition,
Hashimoto's thyroiditis cases associated with thyroid nodular
disease were also represented by solid composition, hypoechogenicity and micro‑calcifications (6). A previous study by
Kim et al (12) reported the sonographic characteristics of
micro‑calciﬁcations, an irregular or microlobulated margin,
marked hypoechogenicity, and a shape that was more tall than
it was wide as the criteria for malignant nodules and obtained
93.8% sensitivity and 66% speciﬁcity. A significant difference was not observed on length‑to‑width ratio using MDCT,
which might attribute to technological disparity. Thus, it may
be inferred that the MDCT features on solid composition and

margin shape would be helpful for preoperative diagnosis for
CTL patients.
The present findings differed from that of a previous study,
which concluded that on diameter comparison, no significant
association was found between malignancy and a nodule
size of >15 mm using FNAB (20). The higher incidence of
microcarcinoma in the present study and timely surgery on
suspected carcinomas may contribute to the difference in
conclusions. Generally, the density is homogenous for small
nodules, but the density is gradually heterogeneous and cystic
changed as the size enlarged, which was also confirmed by
the enhancement results in the present study. However, no
significant differences were observed in the CT value of plain
scan, enhancement degree at arterial or venous phase in CTL
patients with benign or malignant nodules, indicating that
the enhancement degree on the parenchyma demonstrated
no significant value in differentiating benign from malignant
nodules.
Traditionally, FANB has been recognized as the standard
test to determine whether surgical removal of a detected
nodule. Given the low risk for thyroid cancer, the technology
of FNAB performed on all nodules detected by imaging
was not feasible or advisable (21,22). Thereafter, a serious
of imaging modalities was developed, including ultrasound,
carotid duplex scan, CT, magnetic resonance imaging (MRI)
or positron emission tomography (PET). However, mixed
results were reported using these imaging modalities. For
example, Mitchell et al (23) reported that 18FDG‑PET with
sensitivity of 60% and a speciﬁcity of 91% based on 48 malignant lesions and 33 benign lesions, which performed similarly
with sonographic diagnosis (91.4‑92.5% specificity) when the
ratio of anteroposterior to transverse diameter ratio was >1.
Basharat et al (24) has compared thyroid scan with FNAB and
suggests fine needle aspiration cytology is more specific than
sensitive whereas thyroid scan is more sensitive than specific
in detecting thyroid malignancy. In 2011, a study reported the
highest values for sensitivity and specificity based on (nodule/
cord SI)/nodule apparent diffusion coefficient ratio using
DW‑MRI limited on 44 patients with nodules (25). Despite the
high values for sensitivity and specificity, a missed malignancy
would cause huge damage for the patient. However, to establish general criteria for differentiating malignant nodules from
benign nodules according to the different backgrounds of CTL
patients is difficult. Therefore, CT features that can differentiate between benign and malignant nodules are required.
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Certain limitations of the present study should be
discussed. Firstly, no gold standard for detecting nodules
was designed in the study. Although we have defined the
criteria for each feature through combining the previous
studies (12,15), the criteria have limited the rigorous of the
result. Secondly, malignant and benign thyroid nodules were
just confirmed by surgery, and no follow‑up was performed.
Therefore, the possibility that the benign nodule may develop
into the malignant nodule could not be excluded. Moreover,
the conclusion from the small sample size of the enrolled
cases may limit the reliability of the conclusion, and MDCT
characterization for benign and malign nodules on a larger
sample size is needed.
In conclusion, the findings suggest that CLT patients
with malignant nodules mainly present with features of solid
composition, ill‑defined margin, unclear or no capsule, or
micro‑calcifications, which could be used as the diagnosis
method in advance for FANB. However, further study based
on a larger sample size and cases with different backgrounds
is required in order to confirm the above method is suitable to
differentiate benign and malign nodules.
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