
INTRODUCTION

Thyroid nodules are a common clinical problem. Ultrasono-
graphy (US) is used as the modality of choice in diagnostic
radiology for patients with suspected thyroid mass lesions.
It is a non-invasive, widely available, and inexpensive
method and provides relevant information about gross struc-
ture of a nodule. If nodules in the thyroid gland are found,
the main clinical aim is to exclude malignant tumours,
which constitute up to 5% of all thyroid nodules (Gharib et

al., 2010). Several US signs point to the likelihood of ma-
lignant growth: marked hypoechogenicity, microcalcifica-
tions, spicular or micronodular contour and aspect ratio with
height greater than width. However, the specificity and sen-
sitivity of an individual feature is not sufficient for reliable
detection of malignant tumours. Combination of features
possesses higher diagnostic accuracy, but generally fine
needle aspiration biopsy (FNAB) is required to specify the

nature of the nodule. Fine needle biopsy must be applied to
solid nodules larger than 10 mm or the ones presenting with
at least one sign of malignant behaviour in US examination
(Gharib et al., 2010). The cytological assessment of the col-
lected material is descriptive and divided into defined cate-
gories by Bethesda (Thy1-6) or British Thyroid Association
(Thy1-5) systems (Anonymous, 2007; Cibas et al., 2009).
Up to 0.5–25% of biopsies are non-diagnostic (Thy 1), and
about 1–2% are false negative. The risk of malignant tu-
mour in the case of Bethesda category 3 (unspecified fol-
licular neoplasia) is up to 5–15% (Cibas et al., 2009). Un-
fortunately, effectiveness of repeated FNAB does not
exceed 50% (Chow et al., 2001; Orija et al., 2007; Strauss
et al., 2008; Samir et al., 2012), thus precluding reliable so-
lution for the diagnostic problem.

To determine the correct treatment tactics and avoid unnec-
essary surgical procedures, new non-invasive diagnostic
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methods are explored that allow to reliably differentiate be-
tween malignant and benign thyroid nodules. A new diag-
nostic imaging method that has already been successfully
used in liver, renal, or pancreatic diseases is contrast-
enhanced ultrasound (CEUS) evaluation (Piscaglia et al.,
2012). Over the last decade, numerous studies have focused
on analysis of macro- and micro-vascularisation patterns us-
ing ultrasound contrast agents. However, the experience
with CEUS in thyroid pathology is scant. Qualitative and
quantitative evaluation parameters and criteria used in
analysis differ among research groups. The results are am-
biguous and sometimes contradictory. The diagnostic value
of CEUS has been analysed in only very few studies (Fer-
rari et al., 2008; Zhang et al., 2010; Nemec et al., 2012;
Cantisani et al., 2013; Giusti et al., 2013; Deng et al., 2014;
Ma et al., 2014), yielding variable results; the sensitivity
varies between 68–100% and specificity — between
67–594%.

Thus, the objective of our study was to assess the diagnostic
accuracy parameters of thyroid CEUS and evaluate the po-
tential of this method to differentiate between malignant
and benign thyroid nodules.

MATERIALS AND METHODS

From April 2014 to May 2015, 650 patients underwent con-
secutive FNAB. Thirty-five patients with solitary thyroid
nodules were enrolled in a prospective study. Seventeen pa-
tients with cytologically proved or suspected malignant tu-
mour underwent surgery and malignancy was confirmed
histologically. Findings were compared with benign nod-
ules group of 18 patients. Nodules were evaluated as benign
if there were no signs of growth, no visible dynamics in fol-
low-up US examinations at least during the last four years
and FNAB yielded benign cytological findings. The average
age of patients was 49 ± 14 (range, 25–72) years; 30 fe-
males and 5 males. Exclusion criteria were the following:
patients with fully or partially cystic nodules, multinodular
goiter, nodules presenting with macrocalcifications, previ-
ously operated thyroid gland and repeatedly non-resultative
FNAB specimen, as well as patients affected by thyroid
cancer metastases in the lymph nodes or in distant organs
necessitating referral for 131I therapy. US, FNAB, and
CEUS were performed by radiologists with 10 and 30
years-long experience in diagnostic imaging of thyroid. US
and CEUS were performed by Philips iU22 ultrasound
equipment (Philips Medical Systems, the Netherlands) with
high-frequency linear transducers 5-18 MHz for FNAB
guidance and 5-12 MHz for CEUS. Contrast medium
SonoVue (Bracco, Milan, Italy) was administered into the
cubital vein via manual bolus of 1.5 ml through 20G cathe-
ter with following flush of saline 20 ml. The examination
was done using a low mechanical index (0.7 to 0.8) and up
to a 90 s long cine loop was digitally recorded. During the
70–90th second, manual burst of microbubbles was per-
formed and cumulative enhancement was assessed using
Microvascular Imaging (MVI) application. The record anal-

ysis was done using the Q-LAB Application (Philips Medi-
cal Systems, the Netherlands). Data analysis was performed
by two radiologists independently and consensus was
reached comparing the results.

Mainly qualitative parameters were selected to characterise
patterns of the nodule enhancement: vascularisation com-
pared to the surrounding tissue defined as hyper- versus iso-
versus hypovascular enhancement; homogeneity (homoge-
neous versus non-homogeneous); peripheral rim-like con-
trast enhancement; wash-out rate of the contrast medium
compared to the surrounding tissue (rapid versus simulta-
neous versus late); and enhancement compared to the sur-
rounding tissue using MVI application (hyper- versus iso-
versus hypo-enhancing versus rim-like enhancing). During
the image post-processing, time-intensity curves (TIC) were
generated placing the region of interest (ROI) in the nodule
occupying the largest possible area of the nodule and in the
surrounding tissues. The TIC curve type was defined as
slow wash-out versus rapid and stable versus rapid biphasic.
In the quantitative analysis of the TIC curve, the following
parameters were evaluated: area of ROI (mm2), wash-in
slope (dB/s), time to peak (TTP, s), peak intensity (dB),
area under the curve (AUC, dB/s), mean transit time (MTT,
s), and half-time wash-out (s). The diagnostic accuracy indi-
cators were defined for those parameters showing the great-
est correlation with the morphological nature of a nodule.
As was revealed during the course of the study, these pa-
rameters comprised vascularity compared to the surround-
ing glandular tissue, wash-out upon visual assessment, TIC
curve wash-out type and peripheral or rim-like enhance-
ment.

The obtained study data were registered in a work-station
using Microsoft Excel 2012. Statistical data analysis was
carried out using IBM SPSS software (Version 22.0) and
Graph Pad Prism software (Version 6.0). Descriptive statis-
tical methods were used to calculate group distribution, cen-
tral trend indicator (mean value, median) and distribution
indicator (standard deviation, SD) as well as frequency.
Conclusive statistical methods were used to compare both
groups: hypothesis testing methods, such as group compari-
son by independent variables methods, applying single fac-
tor Analysis of Variance (ANOVA) and Spearman correla-
tion analysis. To obtain the diagnostic test efficacy, the
selected values were analysed in comparison to surgery or
FNAB results (sensitivity, specificity, accuracy, negative
predictive value (NPV), positive predictive value (PPV),
likelihood ratio) using receiver operating characteristic
curve (ROC) analysis. In addition, 95% confidence intervals
(CI) were calculated. Results were considered statistically
significant if the p value was less than 0.05 (Replogle et al.,
2009; Ferlay et al., 2013).

This prospective study was approved by the Rîga Stradiòð
University Ethics Committee. All patients were informed
about the study process and aim. An informed consent for
participation in the study was received.
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RESULTS

For the group of patients who underwent thyroid surgery,
morphological analysis of the surgery specimen disclosed
primary malignant thyroid tumours in all of the 17 patients.
Of these, 12 cases were confirmed as papillary thyroid car-
cinoma, four cases were follicular type of papillary carci-
noma and a single case was papillary microcarcinoma.
Qualitative comparative contrast enhancement results in the
two morphological groups are displayed in Table 1.

Malignant nodules presented iso-hypovascular contrast en-
hancement and a slow wash-out type TIC curve (Type 1),
while benign nodules showed hypervascular enhancement
with rapid wash-out TIC curve and rim-like pattern.

There was moderately strong correlation between the mor-
phological findings (benign versus malignant) and type of
TIC curve rs = 0.38 (p = 0.021), as well as with mode of
contrast enhancement (hypo- versus iso- versus hyper-) rs =
0.39 (p = 0.022) and wash-out patterns rs = 0.39 (p =
0.024), all with statistical significance.

Four enhancement patterns were selected to detect diagnos-
tic value of CEUS in differentiation between malignant and
benign nodules. The diagnostic value of these contrast-
enhancement patterns is shown in Table 2.

Rim enhancement showed the highest sensitivity and speci-
ficity among all patterns and was considered as a specific
sign for benign nodules with sensitivity 94%, specificity

61% and accuracy 77%, and presented with a high diagnos-
tic odds ratio (DOR) 25.14, approving that lack of a rim
sign may be used as a criterion of malignant tumour. The
other three parameters were characteristic for malignant
nodules with likelihood of malignant tumor with DOR from
3.73–6.18, and showed potential in diagnostic testing to dif-
ferentiate between malignant and benign thyroid mass le-
sions. The overall pooled sensitivity of selected diagnostic
parameters was 82%, specificity 57%, accuracy 70%, and
area under curve 0.67.

ROC analysis revealed that the rim pattern was character-
ized by high diagnostic performance reflected by AUC 0.78
(p = 0.01; CI 0.59–0.93). The other parameters possessed
lower diagnostic accuracy: wash-out AUC 0.71 (p = 0.03;
CI 0.56–0.87), TIC curve type AUC 0.69 (p = 0.05; CI
0.45–0.88) and hypo (iso) vascularity AUC 0.51 (p = 0.87;
CI 0.30–0.73), see Fig. 1.

Heterogeneous enhancement was seen in both types of nod-
ules, showing good sensitivity but very low specificity, 88%
and 34%, respectively, with accuracy of 62%, positive pre-
dictive value 0.56 and negative predictive value 0.78, lack-
ing statistically significant differences between groups (p =
0.08).

Quantitative analysis of TIC curves showed longer half-
time wash-out in malignant nodules compared to benign
ones with statistical significance, 23.4 and 18.5 s, respec-
tively (p = 0.048). Other parameters, e.g. time to peak
(TTP), peak intensity, wash-in slope, mean transit time
(MTT) did not show statistically significant difference be-
tween malignant and benign nodules (p > 0.05).

DISCUSSION

CEUS is a recently established imaging method allowing to
assess tumour vascularisation. The first reports on the use of
US contrast medium in assessment of thyroid nodules were

T a b l e 1

QUALITATIVE EVALUATION OF CEUS PARAMETERS IN BENIGN
AND MALIGNANT THYROID NODULES

Parameters Malignant: N (%) Benign: N (%) p value

Enhancement of nodule in comparison to the surrounding tissues

Hypoenhancing
Isoenhancing
Hyperenhancing

7 (41.1)
7 (41.1)
3 (17.8)

4 (22.2)
4 (22.2)

10 (55.6)

0.02

TIC curves

Type 1 (slow)
Type 2 (rapid)
Type 3 (biphasic)

11 (64.7)
2 (11.8)
4 (23.5)

4 (22.2)
5 (27.8)
9 (50.0)

0.022

Contrast wash-out in comparison to the surrounding tissues

Rapid
Simultaneous
Late

3 (17.6)
11 (64.8)
3 (17.6)

8 (44.4)
4 (22.2)
6 (33.4)

0.029

Contrast enhancement homogeneity in comparison to the surrounding
tissues

Homogeneous
Heterogeneous
Rim

2 (11.8)
14 (88.2)
1 (5.9)

7 (38.9)
11 (61.1)
11 (61.1)

0.08
< 0.0001

MVI application enhancement in comparison to the surrounding tissues

Hypoenhancing
Isoenhancing
Hyperenhancing

4 (23.5)
3 (17.6)
2 (11.8)

1 (5.6)
3 (16.7)

10 (55.6)

0.01

Rim 1 (5.9) 11 (61.1) < 0.0001

CEUS, contrast-enhanced ultrasound; N, number; TIC, time-intensity
curve; MVI, microvascular imaging

T a b l e 2

DIAGNOSTIC VALUE OF CONTRAST ENHANCEMENT PATTERNS

Values Rim en-
hancement

Hypo (iso)
vascular

TIC curve
slow

wash-out
(Type 1)

Slow
wash-out

qualitative

Pooled
values

Sensitivity 0.94 0.82 0.73 0.82 0.82

Specificity 0.61 0.56 0.69 0.56 0.57

Accuracy 0.77 0.69 0.71 0.69 0.72

PPV 0.70 0.64 0.73 0.64 0.68

NPV 0.92 0.77 0.69 0.77 0.79

PosLHR 2.42 1.85 2.38 1.85 2.13

NegLHR 0.09 0.31 0.39 0.31 0.28

Diagnostic OR 25.14 5.83 6.18 3.73 10.22

AUC 0.78 0.51 0.69 0.71 0.67

TIC, time-intensity curve; PPV, positive predictive value; NPV, negative
predictive value; posLHR, positive likelihood ratio; negLHR, negative
likelihood ratio; OR, odds ratio; AUC, area under curve
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presented at the beginning of the last decade (Spiezia et al.,
2001; Argalia et al., 2002). However, the number of studies
on this topic is still low. The parameters used by the authors
in assessment of thyroid nodules differ among studies re-
sulting in complicated comparison of these studies. The re-
sults are ambiguous and sometimes even contradictory. For
characterisation of nodules both qualitative, e.g., enhancing
pattern, and quantitative parameters, e.g., numerical ratings
of TIC, have been used. To the best of our knowledge, the
diagnostic value of yielded data has been analysed only in a
few studies. TIC parameters of shape have been assessed by
Ferrari et al., 2008; Nemec et al., 2012 and Giusti et al.,
2013. Ferrari et al. (2008) found that in malignant thyroid
nodules wash-in and peak-enhancement occurred signifi-
cantly faster than in benign mass lesions, whereas Nemec et

al. (2012), Friedrich-Rust et al. (2010), and Giusti et al.
(2013) did not find a significant difference between the ma-
lign and benign nodules. In the Nemec’s study, the relative
intensity of the contrast enhancement was calculated rating
the maximum enhancement against the base enhancement,
with 84.4% sensitivity, 76.9% specificity and 82.6% diag-
nostic accuracy (Nemec et al., 2012). In our study, the nu-
merical parameters of TIC did not disclose a difference be-
tween malignant and benign nodules.

Ferrari et al. assessed the shape of TIC and reported that it
was polyphasic in malignant tumours whereas in benign
nodules it was monophasic, with 100% sensitivity, 71%
specificity, 69% PPV, 100% NPV and 83% accuracy
(Ferrari et al., 2008). The shape of the TIC was evaluated
also in the early Spiezia’s study (Spiezia et al., 2001) using
Levovist (Schering, Germany). The authors found that ma-
lignant nodules presented slow and polyphasic wash-out,
whereas benign nodules showed rapid and regular wash-out
(Spiezia et al., 2001). In contrast, the results presented by
Argalia et al., in 2002, showed that malignant nodules
showed rapid and polyphasic wash-out curve type, while in
benign nodules it was rapid and monophasic (Argalia et al.,

2002). In our study, TIC of the slow wash-out type was
characteristic of malignant nodules; the sensitivity, specific-
ity and accuracy were 69%, 73%, and 71%, respectively.
Decelerated and uneven wash-out of the contrast medium
from malignant nodules can be explained with functional
inefficiency of blood vessels caused by intra-tumoural
neoangiogenesis as well as with thrombotic, desmoplastic,
and occasionally necrotic processes in nodules.

A relatively greater number of studies have focused on the
analysis of contrast enhancement pattern. According to our
data, the most reliable symptom of benignity was the
rim-like enhancement presenting 94% sensitivity, 61%
specificity, and 77% accuracy. In accordance with our re-
sults, also in studies by Zhang et al. (2010), Cantisani et al.
(2013) and Ma et al. (2014) rim-like enhancement is spe-
cific to benign nodules. Results yielded by Zhang et al.

(2010) showed 94.1% specificity, 83.0% sensitivity. and
88.5% accuracy. Cantisani et al. evaluated this finding in
conjunction with other features and concluded that the spec-
ificity of CEUS in detecting of malignant nodules was 91%
and sensitivity — 79% (Cantisani et al., 2013).

In our study benign nodules showed more intense enhance-
ment in comparison to the surrounding tissue, while for ma-
lignant nodules it was similar or weaker; nevertheless, the
diagnostic value of this symptom was lower (sensitivity,
specificity and accuracy was 82%, 56% and 69%, respec-
tively) due to the small size of the sample. In a recent study
by Yuan et al. a higher value of this sign was observed, as
shown by 78% sensitivity and 95% specificity (Yuan et al.,
2015). Deng et al. also used this feature with similar sensi-
tivity and specificity: 82% and 85%, respectively (Deng et

al., 2014).

In our study rapid wash-out of the contrast medium com-
pared to the surrounding tissues in benign nodules was
more common than in malignant ones, i.e., 44.4% to 17.6%
(p = 0.029). However, due to the low specificity the practi-
cal use of this sign is debatable.

Fig. 1. ROC curves show high sensitivity for rim en-
hancement (blue line) and high specificity and sensitiv-
ity for wash-out (green line) and time-intensity curve
(red line) patterns.
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As we know, so far only one meta-analysis on study results
regarding CEUS has been done. Yu et al. collected results
from seven publications; in three of them quantitative pa-
rameters were used but in four — the qualitative parame-
ters (Yu et al., 2014). The pooled sensitivity of differentia-
tion between benign and malignant nodules was 85.3%, the
specificity — 87.6%, PPV — 5.822, and NPV — 0.195.
The value of qualitative and quantitative parameters did
not show significant difference. The authors, however,
emphasised that the assessment was impacted by the small
number of studies and different evaluation parameters, es-
pecially, regarding the qualitative evaluation.

CONCLUSIONS

Our results confirm CEUS as a potentially valuable
non-invasive imaging method in differential diagnosis of
thyroid nodules, which can significantly supply conven-
tional US and FNAB. However, extensive further research
is needed to develop a unified technology and approach for
data evaluation.
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KONTRASTA ULTRASONOGRÂFIJAS DIAGNOSTISKÂ PRECIZITÂTE LABDABÎGU UN ÏAUNDABÎGU SOLITÂRU
VAIROGDZIEDZERA MEZGLU DIFERENCIÂLDIAGNOSTIKÂ

Pçtîjuma mçríis bija noteikt kontrasta ultrasonogrâfijas diagnostisko precizitâti labdabîgu un ïaundabîgu vairogdziedzera mezglu
diferenciâldiagnostikâ. Pçtîjumâ tika iekïauti 35 pacienti ar morfoloìiski pierâdîtiem solitâriem vairogdziedzera mezgliem (17 ïaundabîgi un
18 labdabîgi veidojumi), kuriem veikta ultrasonogrâfija ar kontrastvielu un novçrtçtas sekojoðas kontrastçðanâs veida pazîmes:
vaskularizâcijas relatîvâ pakâpe, kontrastçðanâs homogenitâte, perifçrâ jeb gredzenveida kontrastçðanâs, kontrastvielas izvades relatîvais
âtrums un vaskularizâcijas relatîvâ pakâpe, lietojot kumulâcijas programmu. Pçcapstrâdç tika novçrtçts kontrastçðanâs intensitâtes maiòas
lîknes (KIL) veids (lçna, âtra un stabila, âtra un divfâziska). Ðis pazîmes tika salîdzinâtas ar mezgla morfoloìisko veidu, un noteikti
diagnostiskâs precizitâtes lielumi. Konstatçta vidçji cieða korelâcija starp mezgla morfoloìisko dabu un KIL veidu rs = 0,38 (p = 0,021), kâ
arî vaskularizâcijas relatîvo pakâpi rs = 0,39 (p = 0,022) un kontrastvielas izvades relatîvo âtrumu rs = 0,39 (p = 0,024). Summârâ izvçlçto
diagnostisko pazîmju jutîba bija 82%, specifiskums 57% un precizitâte 70%. Ïaundabîgiem audzçjiem bija raksturîgs hipo- vai izovaskulârs
kontrastçðanâs veids un lçns relatîvais kontrastvielas izvades âtrums, savukârt labdabîgiem mezgliem tipiska bija gredzenveida
kontrastçðanâs un divfâzisks, âtrs KIL veids. Secinâts, ka ïaundabîgu un labdabîgu vairogdziedzera mezglu ultrasonogrâfiskâs
kontrastçðanâs veids bûtiski atðíiras. Ultrasonogrâfijas kontrastizmeklçjums ir pielietojams kâ vairogdziedzera mezglu izmeklçðanas
papildus metode ar augstu diagnostisku precizitâti.

6 Proc. Latvian Acad. Sci., Section B, Vol. 70 (2016), No. 1.
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