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Abstract

Background: Differentiation of benign from malignant
thyroid nodules remains a challenge. Diffusion-weighted
magnetic resonance imaging is a recent non-invasive imaging
can differentiate between benign and malignant lesions.

Aimof Sudy: Evaluate the efficacy of Diffusion-Weighted
Magnetic Resonance Imaging (DW-MRI) in discrmination
between benign and malignant thyroid nodules comparing the
results of Apparent Diffusion Coefficient (ADC) value with
histopathological results.

Material and Methods: This case-control study included
30 patients with solitary (dominant solid or mixed solid and
cystic) thyroid nodules on the basis of ultras ono graphic
examination (US) and 10 persons with normal thyroid of
matching age and sex. All were subjected to clinical assess-
ment, radiological assessment included thyroid US, color
Doppler examination and conventional non contrast MRI,
DWI and ADC maps were obtained. ADC values of each
nodule were correlated with histopathological results.

Results: The cut-off value for the differentiatipn of, benign
from malignant thyroid noguleswas 1.3 X 10 mm /s with
mean of (1.39£0,11 X 10 'mm /s) for benign nodules and
(0.81£0.17 X 10 mm /s) for malignant ones with the sensi-
tivity and specificity are 100% and 88.9% respectively. The
overall accuracy is 95%.

Conclusion: Preliminary results showed that DW-MRI
provides very useful and promising imaging to evaluate the

nature of athyroid nodule and in discrmination between
benign and malignant nodules.

Key Words: Diffusion-Weighted Magnetic Resonance I mages
(DW-MRI) — Apparent Diffusion Coefficient (ADC)
value — Thyroid nodules.

Introduction

THYROID nodules are the commonest disorder
of the thyroid gland. Palpable thyroid nodules are
seen in 5% of the population with normal iodine
intake, while the incidence increased up to two to
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three times in people living in regions suffering
from iodine deficiency. The frequency of malig-
nancy in the thyroid gland is relatively low: Only
5% of these nodules are malignant [1].

Firm thyroidal mass, airway compression, dys-
phagia, hoarseness, and cervical lymphadenopathy
are strong indicators of athyroid malignancy. But
this classical clinical presentation is generally not
seen in most of the patients with thyroid carcinoma,
so the differential diagnosis of thyroid nodules
requires additional diagnostic methods in addition
to the clinical examination [2].

Clinical examination, ultrasonography (US),
isotope scans, and Fine-Needle Aspiration Cytology
(FNAC) are the common methods to evaluate
thyroidal nodularities. Sonography-guided FNAC
(USgFNAC) is aworldwide established technique
that provides further evaluation of the nodules on
acytologic level [34].

Indeterminate cytologic findings by USgFNAC
demand the addition of diagnostic methods and, if
necessary, surgery [5. USgFNAC isan invasive
procedure and uncomfortable for patients. There-
fore, thereis a demand for both noninvasive and
more accurate diagnostic methods for further eval-
uation of thyroid nodules [6-9].

Thyroid nodules are often an incidental finding
on MR images. Therefore, the addition of aDW
sequence in equivocal cases has the potential to
prevent unnecessary additional examinations for
treatment.

Diffusion-Weighted Imaging (DW]1) is one of
the functional MRI modalities, which allows quan-
titative measurement of water molecul es motion
in lesions and normal tissues. The net diffusion of
water moleculesis referred to as the Apparent
Diffusion Coefficient (ADC) [10].
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Aim of study:

The aim of the current study was to evaluate
the efficacy of Diffusion-Weighted Magnetic Res-
onance Imaging (DW-MRI) in discrmination be-
tween of benign and malignant thyroid nodules
comparing the results of Apparent Diffusion Coef-
ficient (ADC) value with histopathological results.

Patients and M ethods

From December 2015 to May 2018, a prospec-
tive study was conducted upon 30 patients with
solitary or dominant thyroid nodule on the basis
of ultrasonography examination. Twenty five were
females and five were males with 40 thyroid nod-
ules. Their ages ranged from 25 to 65 years with
mean age 47+ 13.8 years. Clinically neck swelling
was the most common presenting symptom in 70%
of patients. Other symptoms included dyspnea,
dysphagia, and hoarseness of voice that presented
in 30% of patients and irritability and weight loss
in 10% of patients. Ten healthy individuals were
included in the study as control who were sex and
age-matched. Patients were referred from General
Surgery, General Medicine, and Clinical Oncology
Departments to Radio-Diagnosis Department, As-
siut University Hospital for conventional non-
contrast MRI and thyroid MRI diffusion examina-
tions. Approval of our institutional Research Ethics
Committee and informed consent from all patients
were obtained.

Inclusion criteria:

Patients in different age groups with solitary
or dominant thyroid nodule(s), solid or mixed
(solid and cystic) undergone ultrasound examina-
tion prior to the surgery or FNAB and histopatho-
logical examination of the nodules post-operatively.

Exclusion criteria;

1- Any general contraindication of MRI e.g. pace-
makers.

2- Severely ill patients or those with claustrophobia.

3- Patients with multiple thyroid nodules (not
solitary or dominant).

4- Patients with the totally cystic nodule.
5- Patients with hyperthyroidism.

Method:
The patients were subjected to the following:
Clinical assessment:

Including full clinical history and examination
and laboratory tests including thyroid function
tests.
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Imaging assessment:

Thyroid US and Color Doppler examination
which was performed by the superficial linear
probe (frequency 7.5-11MHz) using ultrasound
system (GE, logic 3). Each nodule was scored for
categorizing nodules on TI-RADS (Thyroid Imag-
ing Reporting and Data System) classification [11].

Conventional non-contrast Magnetic Resonance
(MR) imaging preliminary to the Diffusion-
weighted Imaging (DWI) examination. It was
performed at 1.5T superconducting MR imager
(Achieva, Philips Medical Systems, Netherland
B.V.). Patients were positioned in the supine posi-
tion and were instructed not to swallow or move
during the examination. The examination was done
by using a neck circular polarization surface coil
with asmall field of view and thin sections.

MRI protocols include:

1- Sagittal spin echo set of images is obtained
initially to determine the location of axial im-
ages.

2- Thin (2-4mm) axial TI-weighted (a repetition
time (TR) of 500-600ms and echo time (TE) of
8-9ms) images, and T2-weighted (TR of 3000ms
and TE of 100ms) images with intersection gap
Imm. Field of view (FOV) isusually 220 to
250mm with amatrix of 256 X 256 for axial
images. Axia Tl & T2 images extended from
hyoid bone (approximately the level of the third
cervical vertebra) to the lung apex.

3- Coronal T2 & SPIR images were obtained for
evauation of masses that extended below the
cervico-thoracic Junction.

Thyroid diffusion MRI:

DWI which was obtained in the axial plane and
it was obtained using a multi-section single shot
spin echoplanar (EPI) sequence (TR/TE/NEX:
3395/100mg/l) with diffusion sensitivities of b-
values 400,600,800 and 1000s/mm?. The diffusion
gradients were applied sequentialy in the three
orthogonal directions. Sections of 2-4mm thickness,
an inter-dice gap of 1mm, a 230-255mm FOV and
a 256 X 256 matrix were used with an average
scan time of 3.5 minutes.

ADC maps were formed automatically, acircu-
lar Regions of Interest (ROI) ranging from 10 to
40mm according to the size of the nodule, were
placed in the center of thelesion in cases of solid
nodules and on the solid portion of the lesion in
cases of mixed solid-cystic thyroid nodules. The
ADC values are expressed in square millimeters
per second.
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Cytology and histopathological examination:

Cytology and histopathol ogical examination
were considered the gold standard and all patients
underwent an examination either by US-guided
Fine Needle Aspiration (FNA) cytology or post-
surgical histopathological examination.

Satistical analysis.

Statistical analysis was done by SPSS Version
16. The variables were presented as a mean and
standard deviation and numbers (percentage). The
comparison was done by t-test. The sensitivity and
the specificity of DWI were calculated. The prob-
ability (p-value) was considered significant when
(p<0.05).

Results

According to US examinations 80% of solitary
or dominant thyroid nodules were located in right
thyroid lobe and their ultrasound patterns were be
listed in (Table 1). The most of malignant nodules
(63.6%) appeared as hypoechoic lesions and most
of the benign nodules (44.44%) appeared as an
isoechoic lesion. The most benign thyroid nodules
(77.7%) had sharp and well-defined margins,
whereas the malignant nodules (54.54%) had ir-
regular and poorly defined margins. Most of the
benign nodul es (55.55%) were associated with a
halo sign, whereas only 18.18% of malignant nod-
ules were associated with ahalo sign. The coarse,
large and multiple calcifications were characteristic
for benign nodules, while fine and punctate internal
calcifications were characteristic for malignant
nodules, especially for papillary carcinoma. Based
on their ultrasound pattern, 8 (20%) thyroid nodules
had score of 3 and classified as TI-RADS 3, 6
(15%) nodules had a score of 4 and classified as
TI-RADS 4 and the remaining 26 (65%) nodules
had a score of 5 and higher and they were classified
as TI-RADS 5. All of the benign nodules show
peripheral flow pattern (type I1) while most of the
malignant nodules (72.72%) show internal flow
pattern (type I11) Figs. (1,2).

MRI findings of the thyroid nodules showed
increased intensity at T2-weighted images. Benign
nodules showed faint restriction with mean ADC
values ranged between 1.3-1.7 X 10 mm /sec.,
malignant nodul es showed areas of intense restric-
tionin all b-values yith arange of ADC values
between 0.4-1 X 10 mm /sFigs. (1,2).

The cut-off value for the differentiation of
benign from malignant thyroid nodules was 1.3 X
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10~ ’mm/s with amean of (1.39+0.11 X 10, mm_./s)
for benign nodules and (0.81+£0.17 X I0 mm /s)
for malignant ones with the sensitivity, and specif-
icity is 100%, and 88.9% respectively. The overall
accuracy was 95% Fig. (3).

Regarding the control group, normal thyroid
tissyye hagd ADC values ranged between 1.3-1.6 X
10 ,'mm, /s and the mean value was 1.61 £0.26 X
[0 "mm/s.

Table (2) showed significant differencesin
ADC values between benign and malignant nodules
and among ADC values of benign and malignant
thyroid nodules and normal-appearing thyroid
parenchyma of healthy subjects.

Histopathological studies, FNAC was done for
all cases, but it wasinconclusivein 3 cases. Tru-
cut needle or postsurgical biopsy was done for 7
cases including these 3 cases who their FNAC was
inconclusive. The most common benign lesion was
adenomatous hyperplasia (6 nodules were adenoma,
4 nodules were simple nodular goiter and 8 nodules
were adenomatoid nodules) while the most common
malignant lesions were papillary adenocarcinoma
and follicular carcinoma (8 nodules were papillary
thyroid carcinoma, 8 nodules were follicular thyroid
carcinoma, 4 nodules were medullary thyroid car-
cinoma and 2 nodul e was anaplastic carcinoma).

Table (1): Gray-scale Ultrasound and color Doppler features
of thyroid nodulesin 20 studied thyroid nodules.

Benign Malignant
US parameter nodules nodules
(n=18) (n=22)
Size (mm) 283311751 42.45+19.15
Echo pattern:
Hypoechogenicity 4 (22.22%) 14 (63.6%)
Hyperechogenicity 6 (33.33%) 6 (27.3%)
| soechogenicity 8 (44.44%) 2 (9.1%)
Margin of nodule:
Regular 14 (77.77%) 10 (45.45%)
Irregular 4 (22.2%) 12 (54.54%)
Halo sign 10 (55.55%) 8 (18.18%)
Cdlcification 10 (55.5%) 8 (36.36%)
Presence of cervical LNs 0 (0%) 10 (45.45%)
have malignant US patterns
Grade of color doppler:
Typel 0 (0%) 0 (0%)
Typell 18 (100%) 6 (27.27%)
Typelll 0 (0%) 16 (72.72%)
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Fig. (1): (A-F): A 25-years old female presented by neck swelling with irritability and weight loss: US examination (A-B) Shows
large right isooechoic nodule with central branching anechoic degeneration inside. Doppler US shows perinodul ar
vascularity type 1. MRI examination (C-F) C: Axia Tl WI, nodule has hyperintense signal with central signal void
branching area. D: Coronal T2WI, right nodule shows hyperintense signal & another left lower polar hyperintense
cystic lesion. E: DWI shows areas of restriction within right lobe nodule. F: ADC map with measured value within

restricted areas was ranged between 1.3-1.6 X I00  mm /s. Pathological examination (FNAC/biopsy) revealed benign
thyroid adenoma.
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Fig. (2): (A-F): A 29-years old female presented by neck swelling and hoarseness of voice. A & B: US examination shows large
right heterogeneous echogenicity nodule with incomplete halo sign around with areas of cystic degeneration inside.
MRI examination (C, D); C: Coronal Tl WI, shows hilateral nodules with dlightly hypointense signal. D: Axial T2WI,
right & isthmic nodules shows hyperintense signal. E: DWL shoyvs areas of restriction within right nodule. F: ADC
map with measured value within restricted areas of 0.9 X [0 mm /s. Pathological examination (FNAC/biopsy) reveled
multicenteric follicular variant of papillary carcinomain back ground of adenomatous goiter.

Table (2): Mean ADC of thyroid nodulesin studied population.

Malignant Benign Control
(n=11) (n=9) (n=10) P1 P2 P3
ADC (Meanp £ SD) 0.81+0.166 1.39+0.113 1.60+0.258 <0.0001** .036* <0.0001**
X110 mm/s
*: p<0.05. **: p<0.001. p2 difference between benign and control.

p 1 difference between malignant and being. p3 difference between malignant and control.
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Fig. (3): ROC of cut off value of ADC for differentiation
between benign and malignant thyroid nodules.

Discussion

In this study, all proved malignant nodules have
confined areas in diffusion-weighted imaging until
excessive b-values and occasional ADC values.
These are constant with Kim et al. [12], and are
concept to be due to mobile membranes impeding
the mobility of water protons. Also, our conse-
quences are matching with Gupta, et a. [13], who
cited that maximum cancers is characterized by
excessive cellularity and consequently arestriction
of water diffusion. The boom of cellularity in
tumors, restriction of intercellular distance, and
the diffusion of water from extracellular media
into the intracellular place can be liable for the
low ADC valuesin tumors.

In two cases with sizable metastatic cervical
lymphadenopathy, restricted diffusion with low
ADC valuesis noted. In contrast to that, in patients
with head and neck cancer, metastatic cervical
lymph nodes had a significantly higher ADC than
those with benign nodes. This discrepancy can be
explained, as squamous cell carcinomas tend to be
partially necrotic and therefore to have a higher
ADC [14]. Also, the use of DW-MRI in discrimi-
nating between benign and malignant ovarian
tumors has been disappointing due to prominent
cystic components in this pathology [15] . For this
reason, the cystic or necrotic parts of the tumors
were not measured in our study due to giving
fallacies with high ADC values and false negative
results.
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We used b-value of 200, 400, 800 and 1000/
mm? in the start, however, later using b-value
higher than 800 produced better quality images
and so better results. The mean ADC values of
thyroid nogules,done by b-800-1000 were (1.39+
0.11 X 10_jmm Js) in the benign group and (0.81 %
0.17 X 10 mm /s) in the malignant group. In the
control group, normal thyroid tissueg had arange
of ADCvauesof 1.30-2X 10 mm /s.

Bozgeyik et al. [16] reported that mean ADC
values for malignant and benign nodples fo be
0.56£0.43X 10 ~ and 1.80£0.60 X 10 'mm /sfor
b-200,and 0.30£0.20 X 10 'mm /sand 1.15+0.43
X 10 mm /s, for b-300. Although there are statis-
tically significant lower ADC valuesin malignant
nodul es, the differences between the DWI values
might be the result of different imaging parameters
(b-factors).

On the other hand, Erdem et a. [10], used b
values of 0 and 1000, they found an_,g\ DszaI ue
for benign nodules of 2.74+0.60 X 10 “mm /s ang
that for malignant nodules of 0.695+0.312 X 10
mm?/s. In the current study, ADC values for benign
nodules were lower than their results. But, our
ADC values for malignant nodules were higher.

While Mutlu et d. [17], in their study used b
values of 0, 50, 400 and 1000/mm?, found a statis-
tically significant relationship between nodule
histopathology and nodule ADC values. Mear,
ADC values are determined as 1.6£0.1 X 10
mm?/s for benign and 0.8+0.2 X 10 ~mm°“/sfor
malignant lesions. According to these results, it is
observed that the ADC values in benign nodules
are higher when compared with those in malignant
nodules. These results were similar to our DWI
results but our ADC values for benign nodules
were quantitatively lower.

Also, in the study made by EI- Hariri et al. [19],
the mean ADC (b-value 0 and 500/mm? of the
benign thyroid nodules were 1.85+0.24 X |0
mm?/s while the mean ADC of the malignant thy-
roid noduleswas 0.89+0.27 X 10 'mm /s. These
were quiet similar to our results. Aydin et al. [19]
calculated the ADC values for both malignant and
benign nodules as an average results of b factor
200 and 400s/mm? but they also concluded that
malignant nodules had significantly lower ADC
values than the benign ones also, mean ADC values
among the subtypes of malignant nodules had no
significant differences. These were similar to Ab-
delrazek et al. [20] and Dilli et a. [21] results. This
was in agreement with our results.
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In the previous study by Abd elrhamn et al.
[22], DW-MRI was Joerformed using b values of 0,
500 and 1000mm*/s. The mean ADC value of
benign solitarygthyr?id nodules ranged from 1.56
t0 2.28 X 10~ mm’/s (b51000¢/mm?) and from
1.641t02.70 X 10 ~mm°/s (b=500'mm?). The
mean ADC value of malignant solitary thyrojd
nodules ranged from 0.54 to 1.47 X 10 _mm_/s
(b=10005/mm?) and from 0.61t0 1.56 X 10 “mm’/s
(b=5005/mm?). They found a significant difference
between benign and malignant solitary thyroid

nodules (p=0.001).

AccordingtoLe TuanLinh et a. [23] who
reported _tgat wpen DWI with b500, ADC value of
1.7X 10 mm /swas used as a cut-off value for
the differentiation of benign from malignant thyroid
nodules, the accuracy was 87.1% and specificity
90.79%.

In Shi et al. [24] study, the majority (65%) of
malignant thyroid nodules showed dlightly hyper-
intense, and the majority (69%) of benign nodules
were hyperintense on DWI (p<0.01). The ADC
values were lower in the thyroid cancer than in the
adenoma and nodular goiter (p<0.05). When the
factor was 500s/mm, an ADC value of 1.704 X
10 ‘'mm /s can be threshold differentiating malig-
nant from benign nodules, with 92% sensitivity,
88% specificity, and 87% accuracy. Thiswas similar
to the cyrrent study asthe ADC values of 1.3 X
10 "mm /s was used a cut-off to differentiate benign
from malignant thyroid nodules with the sensitivity,
and specificity were 100% and 88.9% respectively.

Our results were not in the same line with Mutlu
et a. [17) who found in their study that the sensi-
tivity, specificity, PPV, Negative Predictive Value
(NPV) and accuracy rates for ADC valuesin dis-
tinguishing between benign and malignant thyroid
nodules were calculated as 80%, 97%, 80%, 97%
and 96%, respectively for b-values 50, 400 and
10Qps/mm?® when using the cutoff value of 1.0 X
10 mm/s.

Schueller-Weidekamm et al. [25] investigated
the DWI results of cold solitary nodulesin 25
cases. Contrary to previous studies, they reported
higher ADC values for malignant nodules than
benign ones. They found that the ranges of the
ADC values (b-vaue of 800) for carcinomawere
243-3.037 X 10 'mm /s, adenoma 1.626-2.233 X
10 “mm /s, and normal parenchyma 1.253-1.602
X 10 mm /s and showed no overlap. When an
ADC value of 2.25 or higher was used for predict-
ing malignancy, the highest accuracy was 88%,
with 85% sensitivity & 100% specificity. According
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to another report for Schueller-Weidekamm et al.

[26], ADC values of 35 cold solitary nodules, the
median ADC valyles for carcinoma and aglenoma
were2.73X 10 mm /sand 1.93 X 10 mm /s,
respectively, They found that ADC values of 2.25
X 10 mm /sor higher proved to be the cut off
value for differentiating between benign and ma-

lignant cold thyroid nodules, with an accuracy of
88%, a senditivity of 85%, and a specificity of
100%. According to their comment, however, due
to restricted diffusion capacity (lower ADC value)

due to hypercellularity found in a malignant tissue,
thyroid carcinoma cannot be compared with other

malignancies, as the cellular components depend
on the macrofollicular production of thyroglobulin,
which resultsin an unrestricted diffusion capacity.

They aso stated that the presence of microcalcifi-

cations may influence the DWI and signal intensi-
ties.

In contrast to our results, Schueller-Weidekamm
et al. [26] using b value 800 in their study on cold
thyroid nodules found,low ADC values for adeno-
mas (1.93 X 10 "mm /s) and high ADC valuesin
thyroiditis and thyroid carcinomas (2.73 X 10
mm?/s). But in most recent studies that support
our study results, ADC values for malignant nodules
were not as high as those reported by Schueller-
Weidekamm et al. [26].

Different studies showed variation in the cutoff
values for predicting thyroid carcinoma, so, each
MRI unit should determine the exact threshold
value for predicting malignancy in thyroid nodules
asthere are variationsin MRI systems, coils and
pul se sequences [27].

Strengths and weakness of the current study,
in spite of small sample of the study, there are
some strength. Firstly, we found that the mean
ADC values of benign and malignant nodules done
by b-800 and b-1000 are statistically significantly
higher than those done by b-500, so we recommend
the use of b-1000 in the evaluation of solitary
thyroid nodule to establish a high diagnostic tool
in differentiating benign from malignant ones.
Secondly, we thought that the difference in results
that Schueller-Weidekamm et a. [25], and Schudller-
Weidekamm et al. [26], reported is probably related
to their technique, which might have affected their
accurate sampling with ROI. In their studies, they
used a 1-T MRI unit which had relatively lower
image quality and obtained DWI in sagittal planes
with b-values of 0 and 800s/mm?. However, in our
study, we used a 1.5-T MRI unit which had rela-
tively higher image quality and obtained DWI in
axial planes with b values of 800 and 1000s/mm 2.
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We recommend using at least a 1.5-T MRI unit
and obtain axial images while placing ROI and
ADC calculation. Thirdly, in our study, the ADC
values of the nodules were compared with the
normal thyroid gland tissue.

In conclusion, this study is one of the attempts
in the literature to differentiate benign and malig-
nant thyroid nodules using DWI. Our preliminary
results showed that DWI provides very useful and
promising imaging to evaluate the nature of a
thyroid nodule. Even these results may have arole
in the selection of nodules that are going to undergo
FNAC. But although these are promising results,
further investigations are needed with larger patient
groups.
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