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SUMMARY

OBJECTIVE: The purpose of this study is to evaluate the efficacy of the combination of gynecologic imaging reporting and data system
(GI-RADS) ultrasonographic stratification and three-dimensional contrast-enhanced ultrasonography (3D-CEUS) in order to distinguish
malignant from benign ovarian masses.

METHODS: In this study, 102 patients with ovarian masses were examined by both two-dimensional ultrasound(2D-US) and 3D-CEUS.
Sonographic features of ovarian masses obtained from 3D-CEUS were analyzed and compared with 2D-US. All patients with ovarian
masses were confirmed by operational pathology or long-term follow-up results.

RESULTS:(1)The Chi-square test and multiple Logistic regression analysis confirmed that there were only eight independent predictors of
malignant masses, including thick septa (23mm), thick papillary projections(27mm), solid areas, presence of ascites, central vascular-
ization, contrast enhancement, distribution of contrast agent, and vascular characteristics of the solid part and their odds ratios which
were 5.52, 5.39,4.94, 4.34, 5.92, 744, 6.09, and 7,67, respectively (P<0.05). (2)These eight signs were used to combine the GI-RADS with
3D-CEUS scoring system in which the corresponding value of the area under the curve (AUC) was 0.969, which was superior to using
GI-RADS lonely (Z-value=1.64, P<0.025). Using 4 points as the cut-off, the scoring system showed the performance was clearly better
than using GI-RADS alone (P<0.05). (3) The Kappa value was 0.872 for two different clinicians with equal experience.

CONCLUSIONS: The combination of GI-RADS and 3D-CEUS scoring system would be a more effective method to distinguish malignant
from benign ovarian masses.
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INTRODUCTION

Ovarian cancer is the fifth most common type of  increased.! Thus, the early detection of ovarian tumors
cancer and the most aggressive. Despite advances  and accurate assessment of their properties are still
in surgery, chemotherapy, and intensive ongoing  the major issues attracting attention in the medical
researches, 5-year survival has not significantly =~ community.? Currently, ultrasonic determination of
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benign or malignant ovarian tumors primarily involves
subjective and qualitative diagnosis. There is a lack of
quantitative information and a strong dependence on
the physicians’ experience and operative techniques.?
Therefore, semi-quantitative sonographic scoring sys-
tem (SSS) has been proposed, with sensitivity, specific-
ity, and diagnostic accuracy significantly higher than
using a conventional two-dimensional ultrasound (2D-
US) method.? The SSS can be utilized to score a tumor
based on its 2D-US sonographic characteristics, includ-
ing size, shape, border, wall thickness, internal echo
characteristics, septa, posterior shadowing, presence
of ascites, color flow distribution, and other factors.
In addition, SSS would be appropriate to incorporate
a multi-mode diagnostic ultrasound system including
power Doppler sonography, three-dimensional power
Doppler (3D-PD) sonography, contrast-enhanced ultra-
sonography (CEUS), and 3D contrast-enhanced power
Doppler ultrasonography (3D-CE-PDU) into the scoring
system.®” However, the sonographic characteristics of
the selected SSS were baseless and unjustified.

In 2009, Amor et al.® proposed a gynecologic imag-
ing reporting and data system (GI-RADS) for reporting
results in adnexal masses based on six characteristics
including thick septa (>3mm), thick papillary projec-
tions(>7mm), solid areas, presence of ascites, central
vascularization and resistance index (RI)<0.5, sensi-
tivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV), which were 92%, 97%,
85%, and 99%, respectively. A new transvaginal ultra-
sonographic technique called 3D contrast-enhanced
ultrasonography (3D-CEUS) added more information
by incorporating 3D imaging with CEUS and has been
confirmed as superior to 2Dcontrast-enhanced ultra-
sonography (2D-CEUS) in differentiating benign and
malignant ovarian tumors.® In this study, we describe
and propose a new scoring system including six fac-
tors from GI-RADS and four factors from 3D-CEUS,
which is, in fact, a combination of GI-RADS and the
3D-CEUS scoring system for conducting a semi-quan-
titative evaluation of the nature of ovarian tumors as
well as comparing the diagnostic accuracy of this new
SSS method with that of GI-RADS.

METHODS

In this study, 102 women (age range 16-68 years;
mean age 32.8 + 12.2years) with diagnoses of ovar-
ian masses participated with cystic-solid, solid, thick
separation, or thick papillary projections on B-mode

between July 2015 and July 2016. Exclusion criteria
were pregnancy, breastfeeding, severe heart failure
based on the New York Heart Association (NYHA)
classes (class IV was adopted), and ultrasound con-
trast agents (UCAs) contraindicated in patients. The
patients or their legally authorized representatives
consented to the treatment by signing and dating
the informed consent documents. This study was
approved by the institutional review board (IRB) and
followed the Helsinki Declaration for human studies.™

2D-US

All 2D-US examinations were performed using the
Voluson E8 Expert (GE Medical Systems, MA, USA)
ultrasound machine with dedicated 3D imaging soft-
ware. The vaginal probe model was RIC5-9-D, with a
frequency range of 5.0-9.0 MHz, and a mechanical
index (MI) of 0.08. The 2D-US examinations were
undertaken at our department by experienced sonog-
raphers (>10,000 pelvic sonographies). After the exam-
inations, the GI-RADS was used with the following
classifications. GI-RADS 1, definitively benign; nor-
mal ovaries were identified, and no adnexal mass was
seen. GI-RADS 2, very probably benign; this category
included adnexal lesions thought to be of functional
origin, such as follicles, corpora lutea, and hemor-
rhagic cysts. GI-RADS 3, probably benign; this cate-
gory included neoplastic adnexal lesions thought to be
benign, such as endometrioma, teratoma, simple cyst,
hydrosalpinx, paraovarian cyst, peritoneal pseudo-
cyst, pedunculated myoma, and findings suggestive
of pelvic inflammatory disease. GI-RADS 4, probably
malignant; this category included adnexal lesions that
could not be included in the other groups, with 1 or 2
findings suggestive of malignancy (i.e., thick papillary
projections, thick septations, solid areas, central vas-
cularization, ascites, and a lowest RI<0.5). GI-RADS
5, very probably malignant; this category included
adnexal masses with 3 or more of the findings sug-
gestive of malignancy listed for GI-RADS 4.8

3D-CEUS

In this study, a SonoVue contrast agent (Bracco,
Milan, Italy) was used. A bolus of 2.4 mL was injected
into the median cubital vein and was immediately fol-
lowed by injections of 5-10 mL saline. As a contrast
agent, 59 mg SonoVue was added to 5 mL saline and
mixed well. The scanning was carried out by steadily
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moving the probe from top to bottom using freehand
static 3D-CEUS mode, and the sampling was repeated
every 10 seconds until 90 seconds. All 3D-CEUS
images were stored.

The analysis was made through rotation and
tomographic ultrasound imaging (TUI). The four fol-
lowing criteria were observed: enhanced time, con-
trast enhancement, distribution of contrast agent in
enhanced solid part, vascular characteristics of solid
part, quickly enhanced time, significant enhance-
ment, inhomogeneous distribution of contrast agent
in enhanced solid part, and abnormally vascular charac-
teristics of solid part were detected as malignancy signs.

The reference standard for the final diagnosis of
a benign or malignant tumor was the histological
examination of the operative specimen or long-term

follow-up findings.

STATISTICAL ANALYSIS

In order to do the statistical analysis, data were
analyzed using SPSS software(Version 22.0) for Win-
dows (SPSS, Chicago, IL, USA). The Chi-square test
and multiple Logistic regression analysis were per-
formed to investigate whether the independent risk
predictors in the differential diagnosis of benign and
malignant ovarian could be confirmed. In addition,
using a combination of GI-RADS and 3D-CEUS scoring
system, the receiver operating characteristic (ROC)
curve was drawn to determine the cut-off value. The
cut-off value was then applied as an original score to

calculate sensitivity, specificity, diagnostic accuracy,
PPV, and NPV. A Two-tailed P<0.05 was considered
statistically significant.

Two blinded examiners evaluated 20 consecutive
cases. Interobserver reproducibility was assessed
using the Kappa index.

RESULTS
Histological follow-up results

Among 102 ovarian masses, 67 were benign, which
was confirmed by surgical pathology (63 masses) or
long-term follow-up (4 masses); the remaining 35 were
malignant masses, all pathologically confirmed.

Ten characteristics of ovarian masses

The Chi-square test showed ten characteristics
that can be used to differentiate benign and malignant
ovarian masses. However, multiple Logistic regression
analysis confirmed that there were only eight indepen-
dent predictors of malignant masses, including thick
papillary projections, thick septa, central vasculariza-
tion, ascites, solid lesions, contrast-enhanced, distri-
bution of contrast agent, and vascular characteristics
of solid tumors (P<0.05= as displayed in Figure1).

Combination of GI-RADS with 3D-CEUS

scoring system and comparison of the diag-

nostic efficiency with GI-RADS

The combination of GI-RADS with 3D-CEUS scor-
ing system based on the mentioned eight independent

FIGURE 1. A serious adenocarcinoma (stage la). A) Transvaginal sonogram showing a solid area with irregular contours and
blood flow within it and ascites (thick arrow). B) 3D-CEUS shows a significant, inhomogeneous enhanced region in the paren-
chyma. Stereoscopic vascularity and clear courses of blood vessels (thin arrow) can be seen in every layer of the 3D TUI-CEUS.

The GI-RADS combination with 3D-CEUS system score was 6.
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FIGURE 2. ROC curves of the combination of GI-RADS
with 3D-CEUS scoring system in distinguishing benign from
malignant small adnexal masses.

predictors and the area under the curve (AUC) was
0.969, as depicted in Figure 2, which was superior
to the 0.837 of GI-RADS (Z-value =1.64, P<0.05=, as
illustrated in Figure 3). It is noteworthy that a score
of 4 was chosen as the cut-off, and the sensitivity,
specificity, diagnostic accuracy, PPV, and NPV of
the new scoring system are all superior to those of

GI-RADS. Furthermore, the same Kappa value of 0.872
was reached by between two different clinicians with
equal experience.

DISCUSSION

Currently, the transvaginal scan (TVS) is the most
commonly used and effective approach for detecting
and diagnosing ovarian tumors. However, the subjective
nature of ultrasound interpretation makes its clinical
application somewhat unreliable.™ In 2012, a scoring
system based on surface, wall thickness, inner wall
structures, septa, contrast enhancement of the masses,
relationship with surrounding tissues and ascites called
the 3D-CEUS scoring system was developed by Xiang
et al.® with high sensitivity and specificity, 100% and
98%, respectively. Nevertheless, the selection of factors
lacked statistical basis and may be appropriate only for
those with a largest diameter smaller than 4cm. In this
study, we attempted to use Chi-square test as primary
screening and then multiple Logistic regression anal-
ysis to exclude the factors containing collinearity and
eventually verified its sensitivity, specificity, and accu-
racy values for detecting ovarian malignant masses,
which were 94.2%, 95.5%, and 95.0%, respectively. Fur-
thermore, by covering the signs of GI-RADS containing
ovarian mass when the lesions are >5cm, an applicable
field of combination of GI-RADS and 3D-CEUS scoring
system was herein expanded.

FIGURE3.Comparative analysis of an ovarian mucinous cystadenoma with focal carcinogenesis using TVS (A) and 3D-CEUS(B).
In this case, TVS only shows that the solid area is more than 50% without blood flow within or around it, 3D-CEUS presents
more information by clearly showing a significant enhanced, inhomogeneously solid area with disorganized vasculatures that
arise from the surface of the internal walls (thick arrow); the GI-RADS combination with 3D-CEUS system score was 4.
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Since its introduction in clinical settings, GI-RADS
has been tested extensively in several multicenter
studies and shown to be a proper criterion for dis-
criminating between benign and malignant adnexal
masses. However, a pilot study reported that a signif-
icant number of cystic-solid or solid ovarian masses
were confirmed as benign, whereas GI-RADS regarded
them as malignant. Thus, the specificity of GI-RADS
is still limited.® In this research, we sought to demon-
strate that combining GI-RADS and 3D-CEUS scoring
system could significantly improve the sensitivity,
specificity, and accuracy, in comparison with the use
of GI-RADS alone.

Previous studies have shown that the use
of 3D-US after the administration of microbub-
ble-based contrast agent, called 3D-CEUS, aids in
the characterization of ovarian tumors by evaluat-
ing their vascular patterns."'" The microvascular
distribution of ovarian tumors tend to be distorted,
complex, and concentrated in different planes, and
3D-CEUS allows the division of structures into tomo-
graphic slices in three orthogonal planes overcom-
ing the shortcoming of one single area of interest
with 2D-CEUS, thus providing supplementary infor-
mation which is unachievable by 2D-CEUS. In addi-
tion, a recent study demonstrated that 2D-CEUS has
no advantages in ovarian masses containing thick
papillary projections, which had been recognized as

a malignant sign in comparison with conventional
US (P>0.05)." By subsequently presenting several
slices through TUI and changing the thickness and
distances between two slices, 3D-CEUS can make
it easier to detect thick papillary projections which
US or 2D-CEUS may miss, it also displays the per-
fusion condition in its different portions." It is of
note that the peripheral tissue of ovarian tumors
can also be displayed sensitively by contrast media,
decreasing the resolution of the morphology of ovar-
ian masses by means of 3D-CEUS, while the mor-
phology of ovarian tumors has a significant effect
on determining the tumor’s natures.”™ Therefore,
combining GI-RADS with 3D-CEUS may help make
a comprehensive analysis of the morphologic vari-
ations of masses.

To confirm the effectiveness of this advanced scor-
ing system, the number of investigated patients must
be increased. In addition, for this purpose, conducting
a multicenter study could be efficient. Furthermore,
3D-CEUS cannot show real-time hemodynamic vari-
ations in the lesions. This is the reason why we have
relied on a sequence of image acquisition to achieve
the timing and characteristics of contrast enhance-
ment by comparing with that of the uterus. This lim-
itation similarly affects acquisition on both lesion and
uterus. Further studies are required to address these
specific issues.

OBJETIVO: O objetivo deste estudo é avaliar a eficdcia da combinagdo da estratificagdo por ultrassonografia usando o Sistema de
Relatérios e Dados de Imagem Ginecolégica (GI-RADS) e ultrassonografia 3D com contraste (3D-CEUS) para diferenciar massas
ovarianas benignas de malignas.

METODOLOGIA: Neste estudo, 102 pacientes com massas ovarianas foram examinadas usando ultrassonografia bidimensional (2D-
US) e 3D-CEUS. As caracteristicas ultrassonogrdficas das massas ovarianas obtidas com 3D-CEUS foram analisadas e comparadas
com de 2D-US. Todos os pacientes com massas ovarianas tiveram o diagnéstico confirmado pelos resultados de patologia cirdrgica
ou acompanhamento de longo prazo.

RESULTADOS: (1) O teste qui-quadrado e a regressdo logistica mdltipla confirmaram a existéncia de apenas oito preditores indepen-
dentes de massas malignas, incluindo septos espessos (23mm), projecGes papilares espessas (27mm), dreas sélidas, presenca de ascite,
vascularizagdo central, aumento de contraste, distribuigdo do agente de contraste e caracteristicas vasculares da parte sélida e suas
razées de possibilidades (OR), que foram 5,52, 5,39, 4,94, 4,34, 5,92, 744, 6,09 e 7.67, respectivamente (P< 0,05). (2) Esses oito preditores
foram utilizados para combinar o GI-RADS com o sistema de escores da 3D-CEUS, para o qual o valor correspondente da drea sob a
curva (AUC) foi de 0,969, superior ao uso exclusivo do GI-RADS (valor de Z = 1,64, P < 0,025). Usando 4 pontos como corte, o sistema
de escores mostrou que o desempenho foi muito melhor do que com o uso exclusivo do GI-RADS (P < 0,05). (3) O valor de Kappa foi
0,872, obtido por dois médicos diferentes com igual experiéncia.

CONCLUSAO: A combinagdo do GI-RADS e do sistema de pontuagdo da 3D-CEUS é um método mais eficaz para distinguir massas
ovarianas benignas de malignas.

PALAVRAS-CHAVE: Ovarian neoplasms. Ovarian diseases. Ultrassonografia. Imagem tridimensional/métodos.
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