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Abstract: Background: Accurate preoperative staging of endometrioma (EC) is essential for optimal treatment plan-
ning. This study aims to evaluate the diagnostic performance of intravenous contrast-enhanced ultrasound (IV-
CEUS) as a potential modality for EC staging. Methods: This retrospective study involved 71 patients with histologi-
cally confirmed EC who were admitted to Tianjin Central Hospital of Gynecology Obstetrics between January 2021 
and August 2024. All patients had undergone both IV-CEUS and magnetic resonance imaging (MRI) within 14 days 
before surgery. IV-CEUS was performed using high-end Doppler ultrasound systems with SonoVue® contrast, while 
MRI was conducted on a 1.5 T scanner employing T2 weighted, diffusion-weighted, and dynamic contrast-enhanced 
sequences. Deep myometrial invasion (DMI; ≥ 50%) and cervical stromal invasion (CSI) were assessed, with final 
histopathological findings serving as the reference standard. Diagnostic performance was evaluated using sensitiv-
ity, specificity, predictive values, accuracy, Kappa coefficients, and receiver operating characteristic (ROC) curves. 
Results: For DMI diagnosis, IV-CEUS demonstrated a sensitivity of 74.2%, specificity of 92.5%, PPV of 88.5%, NPV of 
82.2%, and accuracy of 84.5% (κ = 0.68). MRI showed a sensitivity of 90.3%, specificity of 85.0%, and accuracy of 
87.3% (κ = 0.75). For CSI diagnosis, IV-CEUS had a sensitivity of 69.2%, specificity of 93.1%, an accuracy of 88.7% 
(κ = 0.62), while MRI had a sensitivity of 76.9%, specificity of 87.9%, and accuracy of 85.9% (κ = 0.60). The areas 
under the curves (AUCs) were 0.704 (95% CI: 0.584-0.824) for IV-CEUS and 0.718 (95% CI: 0.602-0.834) for MRI in 
diagnosing DMI; and those were 0.852 (95% CI: 0.743-0.961) for IV-CEUS and 0.838 (95% CI: 0.721-0.955) for MRI 
in diagnosing CSI. Conclusion: IV-CEUS demonstrates comparable diagnostic performance to MRI in assessing DMI 
and CSI in EC patients. It may serve as a viable alternative when MRI is contraindicated or unavailable.
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Introduction

Endometrial cancer (EC) is one of most preva-
lent gynaecological malignancies worldwide, 
ranking fourth among glandular tumors [1]. Its 
incidence is rising due to aging populations, 
increasing obesity, metabolic disorders, and 
declining fertility rates, making timely and accu-
rate diagnosis imperative [2, 3]. Early detection 
and precise preoperative staging are crucial for 
optimizing treatment planning and improving 
outcomes [4]. The 5-year survival rate exceeds 

85% for stage I disease but drops to 22%-51% 
for stage III and above [5]. Key staging parame-
ters, including the depth of myometrial invasion 
and cervical stromal involvement (CSI), play a 
central role in guiding surgical management 
and predicting prognosis.

Histopathological diagnosis via curettage or 
surgery excision remains the gold standard for 
EC confirmation [6]. However, curettage is inva-
sive and blind, potentially overlooking small or 
focal lesions, and carrying risks of bleeding, 
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tumor dissemination, and infection, which may 
limit its utility in some cases [7]. Currently, pel-
vic magnetic resonance imaging (MRI) is the 
most widely used imaging modality for preop-
erative staging of EC [8]. MRI offers high spatial 
resolution and excellent soft-tissue contrast, 
facilitating the assessment of deep myometri- 
al invasion (DMI), CSI, and suspected lymph 
node metastases [8, 9]. Nevertheless, MRI has 
several limitations, including high cost, long 
acquisition times, limited accessibility in re- 
source-constrained settings, and contraindica-
tions such as severe claustrophobia or me- 
tallic implants (e.g., pacemakers). In patients 
with renal impairment, the use of gadolinium-
based contrast agents is also restricted [10]. 
Additionally, the accuracy of MRI may be com-
promised by coexisting uterine conditions su- 
ch as adenomyosis or leiomyomas, which can 
obscure the tumor-myometrium interface [11].

In this context, contrast-enhanced ultrasound 
(CEUS) has emerged as promising non-invasive 
modality for real-time dynamic assessment of 
microvascular tumor perfusion [12]. According 
to the European Federation of Societies for 
Ultrasound in Medicine and Biology (EFSUMB) 
guidelines, the intravenous CEUS (IV-CEUS) cri-
teria for DMI include disruption of the subendo-
metrial enhancement ring and tumor extension 
of ≥ 50% into the myometrium [13]. For CSI, the 
loss of normal cervical stromal enhancement 
and direct tumor extension into the stroma are 
key indicators [14]. Perfusion characteristics 
such as early heterogeneous enhancement, 
high peak intensity, and early wash-out have 
been associated with aggressive tumor behav-
ior [12]. IV-CEUS, which involves peripheral 
injection of microbubble agents (e.g., Sono- 
Vue®), enables continuous, non-invasive visual-
ization of tumor perfusion within the uterine 
cavity [15]. IV-CEUS combines the advantages 
of transabdominal/transvaginal ultrasound 
with real-time microcirculation assessment, 
while avoiding ionizing radiation and offering 
shorter examination times and lower costs [16]. 
It is particularly attractive for repeated evalua-
tions and in settings where MRI is unavailable 
or contraindicated (e.g., patients with metallic 
implants, renal insufficiency, or claustrophobia) 
[17]. CEUS is routinely used in liver imaging to 
differentiate benign from malignant lesions 
based on arterial enhancement and wash-out 

patterns [18]. In breast imaging, it has shown 
potential in distinguishing malignant from be- 
nign masses through contrast kinetics and vas-
cular architecture evaluation [19].

Despite these advantages, the use of IV-CEUS 
in gynecologic oncology, especially for preop-
erative EC staging, remains underdeveloped 
and is not yet standard clinical practice [14]. 
Limited studies have specifically investigated 
its efficacy in evaluating DMI and CSI in EC, and 
comparative studies directly contrasting IV- 
CEUS with MRI using histopathology as a refer-
ence are scarce. Therefore, further research is 
needed to clarify the diagnostic value and 
potential role of IV-CEUS in the EC staging 
algorithm.

This study aimed to evaluate the diagnostic 
performance of IV-CEUS compared to MRI in 
the preoperative assessment of myometrial 
invasion and CSI in EC, with the goal of assess-
ing its potential as a practical alternative when 
MRI is unsuitable or unavailable.

Methods

Study design and subjects

This retrospective, single-center study was  
conducted at the Tianjin Central Hospital of 
Gynecology Obstetrics. A total of 71 patients 
who underwent surgery for histologically con-
firmed EC between January-2021 to August- 
2024 were enrolled in our study. All patients 
had undergone both IV-CEUS and MRI within  
14 days before surgery. The study was conduct-
ed in accordance with the Declaration of He* 
lsinki and approved by the Ethics Committee of 
Tianjin Central Hospital of Gynecology Obste- 
trics (Approval No. 2021KY047). The require-
ment for informed consent was waived due to 
the retrospective nature of the study and the 
use of anonymized data.

Inclusion criteria: (1) Female patients aged 
18-80 years; (2) Presenting with abnormal uter-
ine bleeding; (3) transvaginal ultrasound show-
ing endometrial thickening (> 10 mm in pre-
menopausal women, > 4 mm in postmenopausal 
women); (4) Clinical suspicion of endometrial 
malignancy; (5) Completion of both IV-CEUS 
and MRI within 14 days prior to surgery; (6) 
Histologically confirmed endometrial carcino-
ma following surgical treatment; (7) Availability 
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of complete clinical, imaging, and pathological 
reports.

Exclusion criteria: (1) Cardiopulsion dysfunction 
or other major systemic disease; (2) Pregnancy 
or lactation; (3) History of preoperative radio-
therapy, chemotherapy, or endocrine therapy; 
(4) Presence of intrauterine devices; (5) Other 
pelvic malignancies; (6) Poor image quality or 
incomplete clinical data; (7) Investigator deci-
sion for exclusion; (8) Incomplete postoperative 
data or loss to follow-up.

Sample size calculation

The sample size was estimated based on the 
primary aim of comparing the area under the 
receiver operating characteristic curve (AUC) 
between IV-CEUS and MRI for DMI detection. 
The calculation was performed using PASS 
2021 (NCSS, LLC). Based on previous literature 
and pilot data, the expected AUC for MRI was 
set at 0.85, and for IV-CEUS at 0.80. With a sig-
nificance level (α) of α = 0.05, and power (1-β) 
of 80%, a minimum of 62 subjects was required. 
Accounting for potential dropouts or data exclu-
sion rate of approximately 10%, a target sam-
ple size of 70 cases was determined. Ultimately, 
71 patients were included in the final analysis, 
which met the calculated requirement.

Data collection

Clinical data were extracted from electronic 
medical records, including patient age, height, 
weight, body mass index (BMI), history of hyper-
tension, diabetes and pregnancy, as well as 
imaging results, surgical details, and postoper-
ative histopathological findings. All data were 
anonymized prior to analysis. Two independent 
investigators reviewed the data for complete-
ness and accuracy, with discrepancies resolved 
by consensus.

IV-CEUS examination

Examinations were performed using high-end 
color Doppler ultrasound systems (Logiq E9, 
Voluson E8, and Voluson E10; GE Healthcare, 
Austria). Patients were positioned in the lithoto-
my or supine position based on the appro- 
ach (transvaginal or abdominal). After initial 
grayscale and color Doppler scans to assess 
uterine size, lesion location, and vascularity, 
the contrast agent SonoVue® (Bracco Imaging 

S.p.A., Milan, Italy) was prepared according to 
manufacturer instructions and administered as 
a 2.4 mL intravenous bolus via the antecubital 
vein, followed by a 5 mL saline flush. Real-time 
CEUS imaging was performed in 3-5 minutes 
using a low mechanical index (MI < 0.1). 
Dynamic video clips and static images were 
acquired, and time-intensity curves (TICs) were 
generated to quantify perfusion parameters 
such as time to peak, peak intensity, wash-in 
and wash-out slopes, and enhancement homo-
geneity. Suspicious features for malignancy 
included heterogeneous enhancement, irregu-
lar wash-out, ill-defined borders, and myome-
trial fixation. All sonographers had over 10 
years of experience in gynecologic imaging.

MRI protocol

MRI was performed on a 1.5 T Achieva scanner 
(Philips Healthcare, The Netherlands). The pro-
tocol included multiplanar T2-weighted imaging 
(T2WI), T1-weighted imaging (T1WI), diffusion-
weighted imaging (DWI), and dynamic contrast-
enhanced MRI (DCE-MRI). Patients were in- 
structed to maintain a moderately full bladder 
to improve uterine visualization and reduce 
artifacts. Scanning parameters were as follows: 
sagittal T2WI (TR = 3000 ms, TE = 80 ms, slice 
thickness = 5 mm), axial and oblique T2WI (TR 
= 4200 ms, TE = 120 ms, slice thickness = 4 
mm), axial T1WI (TR = 600 ms, TE = 10 ms, 
slice thickness = 4 mm), and DWI (b-values = 0 
and 800 s/mm2, slice thickness = 4 mm). For 
DCE-MRI, gadoterate meglumine (Gd-DOTA, 
Guidi-Xian®; Jiangsu Hengrui Pharmaceutical 
Co., Ltd.) was administered at 0.1 mmol/kg via 
a power injector at 2.0 mL/s, followed by a 20 
mL saline flush. Five dynamic phases were 
acquired at 15-second intervals. Diagnostic 
parameters included tumor signal intensity and 
morphology on T2WI and DWI, enhancement 
kinetics on DCE-MRI, and junctional zone 
integrity.

Image interpretation standards and blinding

All IV-CEUS and MRI images were independent-
ly interpreted by two radiologists, each with 
over 10 years of experience in gynecologic 
imaging. The readers were blinded to the clini-
cal data, pathological results, and, crucially, to 
the results of the other imaging modality (i.e., 
the MRI reader was blinded to IV-CEUS results 
and vice versa) to prevent interpretation bias.
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For MRI, assessment of DMI and CSI follow- 
ed the guidelines of the European Society of 
Urogenital Radiology (ESUR) [20]. DMI was 
defined as tumor extension ≥ 50% into the myo-
metrial thickness, indicated on T2WI by disrup-
tion of the junctional zone and on DCE-MRI by 
interruption of the subendometrial enhance-
ment band. CSI was diagnosed when tumor sig-
nal extended into the cervical stroma on T2WI, 
with corresponding enhancement on DCE-MRI 
and loss of the hypointense stromal ring.

For IV-CEUS, DMI was defined as the disruption 
of the continuous subendometrial enhance-
ment ring and tumor extension ≥ 50% into the 
myometrium. Key features included an irregu-
lar, heterogeneous enhancement pattern of the 
lesion and an ill-defined tumor-myometrium 
interface. CSI was diagnosed by the loss of the 
normal cervical stromal enhancement ring and 
direct visualization of tumor extension into the 
cervical stroma. Rapid wash-in, high peak 
intensity, and early wash-out on TIC analysis 
were considered suggestive of malignancy.

In cases of disagreement between the two pri-
mary readers, a third senior radiologist was 
consulted, and a final decision was reached by 
consensus.

Hematoxylin and eosin (H & E)

Surgical specimens were fixed in 10% neutral-
buffered formalin, processed routinely, and 
embedded in paraffin. Sections (4 µm thick) 
were stained with hematoxylin and eosin (H & 
E). Two board-certified pathologists with ≥ 10 
years of experience in gynecologic oncology 
independently reviewed the slides, blinded to 
clinical and imaging data. Disagreements were 
resolved by consensus. 

For the assessment of DMI, the entire uterus 
was sectioned along the longitudinal axis from 
the cervical os to the fundus. The maximum 
depth of tumor invasion was measured perpen-
dicularly from the endometrial surface to the 
deepest point of invasion, and expressed as a 
percentage of the total myometrial thickness at 
that site. DMI was defined as invasion ≥ 50%. 
For CSI, the presence of tumor cells infiltrating 
the cervical stromal tissue was assessed. The 
intraclass correlation coefficient (ICC) for in- 
terobserver agreement in measuring the de- 

pth of myometrial invasion was 0.89 (excellent 
agreement), and the Kappa value for CSI as- 
sessment was 0.85 (almost perfect agree- 
ment).

Pathological staging was determined according 
to the International Federation of Gynecology 
and Obstetrics (FIGO) surgical staging system 
2023 [21].

Statistical analysis

Statistical analyses were performed using 
SPSS 26.0 (IBM Corp., Armonk, NY, USA). 
Continuous variables were described as medi-
ans and ranges, while categorical variables 
were described using counts and percentages. 
Sensitivity, specificity, positive predictive value 
(PPV), and negative predictive value (NPV), and 
accuracy were assessed using McNemar’s test. 
Agreement between imaging and histopatholo-
gy was evaluated using Cohen’s Kappa coeffi-
cient (κ > 0.75: excellent agreement; 0.40-0.75: 
moderate agreement; < 0.40: poor agreement). 
Receiver operating characteristic (ROC) curves 
were plotted, and areas under the curve (AUC) 
were compared using the DeLong test. A p-val-
ue < 0.05 was considered statistically signi- 
ficant.

Results

Patient characteristics

A total of 71 patients with histologically con-
firmed EC were included (Table 1). The median 
age was 56 years (range: 27-76), and the medi-
an BMI was 21.2 kg/m² (range: 18.0-30.1). 
Among them, 8 patients (11.3%) were nullipa-
rous, 20 (28.2%) had hypertension, and 9 
(12.7%) had diabetes mellitus. Histological dif-
ferentiation included G1 in 37 patients (52.1%), 
G2 in 17 (23.9%), G3 in 6 (8.5%), and non-endo-
metrioid histology in 11 (15.5%). According to 
the 2023 FIGO staging system, 35 patients 
(49.3%) were stage IA, 16 (22.5%) stage IB, 8 
(11.3%) stage II, 2 (2.8%) stage IIIA, 3 (4.2%) 
stage IIIB, 5 (7.0%) stage IIIC, and 2 (2.8%) 
stage IVA. No patients were stage IVB.

Diagnostic performance for Deep Myometrial 
Invasion (DMI)

Histopathological examination confirmed DMI 
in 31 of the 71 patients (43.7%). The confusion 
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matrices for IV-CEUS and MRI in diagnosing 
DMI are presented in Table 2. The diagnostic 
performance for DMI was calculated and is 
summarized in Table 3. For DMI, IV-CEUS 
showed a sensitivity of 74.2%, specificity of 
92.5%, PPV of 88.5%, NPV of 82.2%, and accu-
racy of 84.5% (κ = 0.68). MRI demonstrated a 
sensitivity of 90.3%, specificity of 85.0%, PPV 
of 82.4%, NPV of 91.9%, and accuracy of 87.3% 
(κ = 0.75). There were no significant differences 
in sensitivity (P = 0.125), specificity (P = 0.289), 
or accuracy (P = 0.664) between the two mo- 
dalities. ROC analysis yielded AUC values of 
0.704 (95% CI: 0.584-0.824) for IV-CEUS and 
0.718 (95% CI: 0.602-0.834) for MRI in diag-
nosing DMI (P < 0.001 for both), with no signifi-
cant difference between them (P = 0.12) 
(Figure 1A).

Diagnostic performance for Cervical Stromal 
Invasion (CSI)

Histopathological examination confirmed CSI in 
13 patients. The confusion matrices for IV- 
CEUS and MRI in diagnosing CSI are presented 
in Table 4. The diagnostic performance for CSI 

was calculated and is summarized in Table 5. 
IV-CEUS demonstrated a sensitivity of 69.2%, 
specificity of 93.1%, PPV of 69.2%, NPV of 
93.1%, and accuracy of 88.7% (κ = 0.62). MRI 
showed a sensitivity of 76.9%, specificity of 
87.9%, PPV of 58.8%, NPV of 94.4%, and accu-
racy of 85.9% (κ = 0.60). Differences in sensi-
tivity (P = 0.687), specificity (P = 0.388), and 
accuracy (P = 0.607) were not statistically sig-
nificant. ROC analysis yielded AUC values of 
0.852 (95% CI: 0.743-0.961) for IV-CEUS and 
0.838 (95% CI: 0.721-0.955) for MRI (P < 0.001 
for both), with no significant difference (P = 
0.078) (Figure 1B).

Subgroup analysis based on tumor grade

A subgroup analysis was performed to explore 
the association between IV-CEUS quantitative 
parameters and tumor differentiation grade 
(G1/G2/G3). The results indicated that high-
grade tumors (G3) tended to exhibit a higher 
peak intensity and a shorter time to peak on 
TIC analysis compared to low-grade tumors 
(G1), although these differences did not reach 
statistical significance in all pairwise compari-
sons, likely due to the limited sample size in  
the G3 subgroup (n = 6). This preliminary find-
ing suggests a potential correlation between 
aggressive tumor biology and distinct perfu-
sion characteristics on IV-CEUS, warranting fur-
ther investigation in larger cohorts.

Case presentation

Case 1: A 67-year-old woman with stage IA  
EC. Postoperative pathology revealed endome-
trioid adenocarcinoma with superficial myome-
trial invasion (< 50%) and no lymphovascular 
space invasion (Figure 2A-C). MRI showed an 
irregular intermediate-signal lesion in the endo-
metrial cavity with heterogeneous enhance-
ment on DCE-MRI, consistent with superficial 
invasion (Figure 2D-F). IV-CEUS revealed het-
erogeneous enhancement and a disrupted 
endometrial-myometrial junction (Figure 2G-I).

Case 2: A 54-year-old woman with stage II EC. 
Postoperative pathology confirmed grade III 
endometrioid adenocarcinoma with CSI (Figure 
3A-C). MRI demonstrated an intermediate  
T2WI signal, DWI hyperintensity, and heteroge-
neous enhancement on DCE-MRI, suggesting 
CSI (Figure 3D-F). IV-CEUS showed rapid wash-
in, high peak intensity, and blurred endometri-

Table 1. Patient clinical characteristics and 
the final histological diagnoses (n = 71)
Characteristics Value
Age (years) 56 (27-76)
BMI (kg/m²) 21.2 (18.0-30.1)
Nulliparous, n (%) 8 (11.3)
Hypertension, n (%) 20 (28.2)
Diabetes, n (%) 9 (12.7)
Histological grade, n (%)
    G1 37 (52.1)
    G2 17 (23.9)
    G3 6 (8.5)
Non-endometrioid 11 (15.5)
FIGO stage (2023), n (%)
    IA 35 (49.3)
    IB 16 (22.5)
    II 8 (11.3)
    IIIA 2 (2.8)
    IIIB 3 (4.2)
    IIIC 5 (7.0)
    IVA 2 (2.8)
    IVB 0 (0.0)
Notes: Values are presented as median (min, max) or 
number (%). BMI, body mass index; FIGO, International 
Federation of Gynecology and Obstetrics.
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al-myometrial and endocervical interfaces 
(Figure 3G-I).

Discussion

This study demonstrates that IV-CEUS poss- 
esses comparable diagnostic performance to 
MRI in preoperative staging of DMI and CSI in 
EC patients. This finding holds significant clini-
cal relevance, as it substantiates the role of 
IV-CEUS as a viable and accessible alternative 
for patients who cannot undergo MRI.

The high specificity (92.5% for DMI, 93.1% for 
CSI) and positive predictive value of IV-CEUS 
are particularly noteworthy. These metrics are 
critical in a preoperative setting, as a positive 
finding on IV-CEUS can strongly indicate the 
need for more radical surgery (e.g., hysterecto-
my with lymphadenectomy for DMI, or radical 
hysterectomy for CSI), thereby directly influenc-
ing surgical planning and potentially improving 
patient outcomes [22, 23]. While demonstrat-
ing higher sensitivity, the slightly lower spe- 
cificity of MRI could lead to false positives, 
potentially resulting in overtreatment. The per-
formance profile of IV-CEUS suggests that it is 
an excellent “rule-in” modality. The high speci-
ficity of IV-CEUS may be attributed to its ability 
to vividly depict microvascular architecture and 
real-time perfusion. The microbubble contrast 
agents used in IV-CEUS are purely intravascu-
lar, making them highly sensitive to neovascu-
larization and abnormal vascular patterns as- 
sociated with malignant invasion [24]. This 
direct visualization of functional blood flow 
might allow IV-CEUS to more accurately distin-
guish true stromal invasion from benign condi-
tions like inflammation or edema, which can 
sometimes mimic invasion on MRI due to T2- 
weighted signal changes or non-specific enhan- 
cement.

Furthermore, our exploratory subgroup analysis 
suggested a trend towards association between 
specific IV-CEUS perfusion parameters (e.g., 

highlights the potential of IV-CEUS quantitative 
parameters to serve as non-invasive biomark-
ers for tumor aggressiveness, extending its 
value beyond morphological assessment.

The clinical applicability of IV-CEUS is especially 
pronounced in specific patient populations. For 
obese patients, ultrasound is often less affect-
ed by body habitus compared to MRI, which can 
suffer from signal attenuation [26]. In patients 
with renal insufficiency, IV-CEUS uses micro-
bubble contrast agents (SonoVue®) that are not 
nephrotoxic and are safe for use, unlike gado-
linium-based MRI contrast agents which carry  
a risk of nephrogenic systemic fibrosis [17]. 
Furthermore, the real-time nature of IV-CEUS 
allows for dynamic assessment of tumor perfu-
sion and tumor margins during the examina-
tion, which can be advantageous for targeted 
biopsies and assessing tumor vascularity. From 
a economic perspective, IV-CEUS is significant-
ly more cost-effective than MRI, requires less 
space, and has shorter examination times, 
making it particularly suitable for resource-lim-
ited settings or high-volume centers [17].

The slightly lower sensitivity of IV-CEUS for 
detecting CSI (69.2% vs. 76.9% for MRI) war-
rants discussion. This is likely attributable to 
the inherent anatomical and technical limita-
tions of ultrasound in evaluating the cervix, par-
ticularly its lower soft-tissue contrast resolution 
compared to MRI [27]. The cervix’s complex 
anatomy and the potential for shadowing from 
overlying bowel gas can sometimes obscure 
clear visualization of stromal invasion. Future 
technical improvements, such as the develop-
ment of high-frequency transvaginal CEUS pro- 
bes or the use of 3D CEUS acquisition, could 
potentially enhance the visualization of the cer-
vico-isthmic region. Moreover, a combined app- 
roach using conventional transvaginal ultra-
sound for anatomical overview and IV-CEUS for 
microvascular assessment might synergistical-
ly improve diagnostic accuracy for CSI [28].

Table 2. Confusion matrices for DMI detection
Modality Histopathology: DMI+ Histopathology: DMI-
IV-CEUS+ 23 (True Positive) 3 (False Positive)
IV-CEUS- 8 (False Negative) 37 (True Negative)
MRI+ 28 (True Positive) 6 (False Positive)
MRI- 3 (False Negative) 34 (True Negative)

higher peak intensity) and 
higher tumor grade. This aligns 
with the understanding that 
more aggressive tumors often 
exhibit increased angiogenesis 
and vascular density [25]. 
While preliminary and limited 
by sample size, this finding 
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Our study has several limitations that should be 
acknowledged. First, its retrospective and sin-
gle-center design may introduce selection bias 
and limit the generalizability of the findings. 
Second, the sample size, though sufficient for 
the primary aim, resulted in a relatively small 
number of CSI-positive cases (n = 13). This 
small subgroup size may affect the robustness 
of the sensitivity for CSI and reduces the statis-
tical power for this specific analysis. Third, as a 
retrospective study, systematic data on molec-
ular biomarkers of angiogenesis (e.g., VEGF, 
CD31) from tumor tissues are lacking, which 
prevented a direct correlation analysis between 
IV-CEUS parameters and underlying molecular 
mechanisms. Future prospective studies inte-
grating histopathological and molecular data 

value of quantitative IV-CEUS parameters as 
potential biomarkers for predicting tumor 
grade, lymph node metastasis, and therapeutic 
response.

Conclusion

IV-CEUS possesses comparable diagnostic per-
formance to MRI in preoperative assessment 
of DMI and CSI in EC patients. Given its high 
specificity, real-time capability, safety profile, 
and cost-effectiveness, IV-CEUS represents a 
valuable complementary imaging tool. It is a 
practical alternative for preoperative staging in 
patients with contraindications to MRI, such as 
those with renal impairment, severe claustro-
phobia, or metallic implants, as well as in re- 
source-constrained environments. We recom-

Table 3. Diagnostic performance of IV-CEUS and MRI for deep myometrial invasion (DMI)
Modality Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) Kappa (κ)
IV-CEUS 74.2 92.5 88.5 82.2 84.5 0.68
MRI 90.3 85.0 82.4 91.9 87.3 0.75
Notes: Values are presented as % (95% CI), IV-CEUS, intravenous contrast-enhanced ultrasound; DMI, deep myometrial inva-
sion (≥ 50%); CI, confidence interval; MRI, magnetic resonance imaging; PPV, positive predictive value; NPV, negative predictive 
value.

Figure 1. ROC curve analysis for MRI and IV-CEUS in diagnosing DMI (A) 
and CSI (B) in EC patients. AUC, area under the curve; ROC, receiver operat-
ing characteristic; MRI, magnetic resonance imaging; IV-CEUS, intravenous 
contrast-enhanced ultrasound; DMI, deep myometrial invasion; CSI, cervical 
stromal invasion.

are needed to fully elucidate 
the biological basis of IV-CEUS 
findings. Fourth, while IV-CEUS 
shows great promise, it re- 
mains operator-dependent. Al- 
though all operators in this 
study were highly experienced, 
the results might vary in less 
specialized settings. Standar- 
dized training protocols would 
be essential for wider imple- 
mentation.

Future prospective, multicen- 
ter studies with larger sample 
sizes are needed to validate 
our findings and to establish 
standardized IV-CEUS proto-
cols for EC staging. Integrating 
artificial intelligence (AI) for the 
analysis of CEUS time-intensity 
curves and enhancement pat-
terns could further reduce 
operator dependency and im- 
prove diagnostic reproducibili-
ty [29]. Furthermore, future 
research should explore the 

Table 4. Confusion matrices for CSI detection
Modality Histopathology: CSI+ Histopathology: CSI-
IV-CEUS+ 9 (True Positive) 4 (False Positive)
IV-CEUS- 4 (False Negative) 54 (True Negative)
MRI+ 10 (True Positive) 7 (False Positive)
MRI- 3 (False Negative) 51 (True Negative)
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mend its further integration into clinical prac-
tice. Future prospective multicenter studies 
should focus on standardizing examination pro-
tocols, exploring the role of AI, validating its 
impact on treatment planning and patient out-
comes, and investigating the correlation be- 
tween quantitative perfusion parameters and 
molecular markers of tumor aggressiveness.
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Table 5. Diagnostic performance of IV-CEUS and MRI for cervical stromal invasion (CSI)
Modality Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) Kappa (κ)
IV-CEUS 69.2 93.1 69.2 93.1 88.7 0.62
MRI 76.9 87.9 58.8 94.4 85.9 0.60

Figure 2. Representative MR, IV-CEUS, and histopathological images of stage IA EC. A. Gross specimen showing 
a tumor occupying the endometrial cavity. B. HE staining revealing moderately differentiated endometrioid ade-
nocarcinoma (Original magnification: ×100). C. HE staining showing DMI (< 50%) and dense lymphocytic infiltra-
tion (Original magnification: ×200). D. Axial T2WI showing an irregular intermediate signal lesion. E. DWI revealing 
marked hyperintensity, indicating restricted diffusion. F. DCE-MRI showing mild heterogeneous enhancement, lower 
than surrounding myometrium. G. TIC from IV-CEUS showing rapid wash-in with a plateau phase, suggesting hyper-
vascularity. H. Grayscale (left) and CEUS (right) images displaying a hypoechoic lesion with irregular margins and 
heterogeneous perfusion. I. Color Doppler showing diffuse endometrial thickening and a disrupted endometrial–
myometrial junction. MRI, magnetic resonance imaging; T2WI, T2-weighted image; DWI, diffusion-weighted imaging; 
DCE-MRI, dynamic contrast-enhanced MRI; CEUS, contrast-enhanced ultrasound; IV-CEUS, intravenous contrast-
enhanced ultrasound; TIC, time-intensity curve; DMI, deep myometrial invasion; EC, endometrial carcinoma; H & E, 
hematoxylin and eosin.
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