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Abstract
Introduction: Endometrial carcinoma (EC) is the most common gynecologic carcinoma in developed countries and accounts for
nearly 5% of carcinoma cases and more than 2% of deaths due to female carcinomas worldwide. Because of this reported risk, it is
very important to diagnose and stage it accurately. Therefore, we investigated the staging accuracy of EC with contrast-enhanced
ultrasonography (CEUS). Due to a lack of studies on the use of CEUS in staging EC, we performed a systematic review and meta-
analysis.

Method:We searched PubMed, EMBASE, Cochrane Library, Scopus, Web of science, China National Knowledge Infrastructure
(CNKI), and CBM for studies on CEUS in EC diagnosis. Our search keywords were “ultrasonic angiography,” “endometrial
neoplasms,” and their synonyms. The studies were screened according to the inclusion and exclusion criteria, and 4 tabular data
were extracted. Quality evaluation was performed with the Quality Assessment of Diagnostic Accuracy Studies (QUADAS) scale.
Statistical analysis was done with Stata version 15.1. A random effect model was selected to calculate the pooled sensitivity and
specificity. The summary receiver operating characteristic (SROC) curve was obtained, and the area under the curve was calculated.

Result: Fifteen studies with 685 patients were included in this quantitative synthesis. The pooled sensitivity, specificity, positive
likelihood ratio, negative likelihood ratio, and diagnostic odds ratio (OR) of CEUS in the diagnosis of EC was 0.81 (95% confidence
interval, .76–.85), .90 (.87–.92), 8 (5.8–11.1), .21 (.16–.28), and 38 (22–67), respectively. The area under the curve was 0.93
(.90–.95).

Conclusion: CEUS has a high sensitivity and specificity in the diagnosis of EC. It can be considered as an effective and feasible
method for EC staging.

Abbreviations: CBM = China Biological Medicine Database, CEUS = contrast-enhanced ultrasonography, CI = confidence
interval, CNKI = China National Knowledge Infrastructure, EC = endometrial carcinoma, OR = odds ratio, QUADAS = quality
assessment of diagnostic accuracy studies, SROC = summary receiver operating characteristic.
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1. Introduction

Endometrial carcinoma (EC) is the most common female pelvic
malignancy in the United States.[1] The incidence rate of EC is
increasing globally, but the 5-year survival rate is decreasing.[2]

Although EC is staged according to the International Federation
of Gynecology and Obstetrics surgical system, an early and
accurate diagnostic assessment of the disease status of gyneco-
logic malignancies is important for optimal treatment planning
and outcome prediction. Preoperative imaging can be used in the
evaluation of the local extent and detection of distant metastatic
disease, and therefore guiding the optimal treatment course.[1]

Currently, diagnostic methods for staging patients with EC
preoperatively include magnetic resonance imaging,[3–5] 3-
dimensional transvaginal ultrasonography,[3] and positron
emission tomography/computed tomography[5–9]; these have
their advantages and disadvantages. According to Drudi et al[10]

and Li et al,[11] contrast-enhanced ultrasonography (CEUS) has
improved the diagnostic and staging accuracy of bladder tumors
in the last 10years. Many studies have shown that CEUS
improves the accuracy of liver carcinoma diagnosis and is
conducive for preoperative staging.[12–14] CEUS is also used in the
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Figure 1. Flowchart. A flowchart of study screening and selection process.

Table 1

Summary of studies included in the present meta-analysis.

Author Year Country
Mean
age Cases Predesign Model

Contrast
agent Blinded

Staging
criteria

Quadas
score Refs

Final
diagnosis Symptoms

Sun et al 2008 China 55.4 30 Retro IU22 SonoVue Single FIGO 11 (21) pathology Irregular vaginal bleeding, discharge,
Irregular menstruation

Song et al 2009 China none 35 Prosp IU22 SonoVue Single FIGO 11 (22) pathology Irregular vaginal bleeding
Zhang et al 2011 China none 28 Retro IU22 SonoVue Single FIGO 2009 11 (23) pathology Irregular vaginal bleeding, discharge
Liu et al 2011 China 56 37 Retro Aloka a10 SonoVue Double FIGO 1988 12 (24) pathology Irregular vaginal bleeding
Chen et al 2011 China 55.7 28 Prosp Mylab90 SonoVue Single FIGO 2000 11 (25) pathology Irregular vaginal bleeding, Postmeno-

pausal hemorrhage
Pei et al 2011 China 52.6 48 Prosp Acuson Sequoia 512 SonoVue Single FIGO 2009 11 (26) pathology Irregular vaginal bleeding
Xie et al 2012 China 56 37 Prosp Aloka a-10 SonoVue Single FIGO 1988 11 (27) pathology Irregular vaginal bleeding
Wang et al 2013 China 56 31 Prosp GE Logiq 9 SonoVue Single FIGO 2009 11 (28) pathology Irregular vaginal bleeding
Xu et al 2013 China 42 47 Prosp Acuson Sequoia 512 SonoVue Single FIGO 2009 11 (29) pathology Irregular vaginal bleeding
Ding et al 2013 China 55 40 Retro MyLabTwice SonoVue Double FIGO 2009 12 (30) pathology Irregular vaginal bleeding, discharge,

Irregular menstruation
Zhou et al 2013 China 52 40 Prosp Technos MPX DU8 SonoVue Single FIGO 1988 11 (31) pathology Irregular vaginal bleeding, discharge
Huang et al 2016 China 49.8 80 Prosp Aloka SSD-ALPHA10 SonoVue Single FIGO 2009 11 (32) pathology Irregular vaginal bleeding, discharge
Yi et al 2015 China 55.4 60 Retro GE Logiq E9 SonoVue Single FIGO 2009 11 (33) pathology Irregular vaginal bleeding, Irregular

menstruation
Zhang et al 2018 China 54.58 82 Retro Acuson Sequoia 512 SonoVue Single FIGO 2013 11 (34) pathology Irregular vaginal bleeding, Irregular

menstruation
Mao et al 2019 China 55 62 Prosp GE Logiq E9 SonoVue Single FIGO 2009 11 (35) pathology Irregular vaginal bleeding

Retro = retrospective study, Prosp = prospective study.
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Figure 2. Quality assessment. Quality assessment by STATA 15.1 for the 15 studies included in the meta-analysis.

Figure 3. Forest plot. (A) Forest plot of study–specific estimates of sensitivity (ratio with 95% confidence interval) of CEUS in the diagnosis of EC; (B) Forest plot of
study–specific estimates of specificity (ratio with 95% confidence interval) of CEUS in the diagnosis of EC, every plot represents a related study, global results
(pooled sensitivity/specificity) are presented at the bottom. The horizontal bars are the CI 95% ranges, and the squares within the bars are the estimate values.
CEUS, contrast– enhanced ultrasound; EC, endometrial carcinoma; CI, confidence interval.
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diagnosis of gynecological tumors.[15–18] Meng et al[19] showed
that CEUS increased the diagnosis rate of ovarian carcinoma.
There are reports on the effectiveness of CEUS in the staging of

EC; however, they are few. The purpose of this meta-analysis was
to evaluate the value of preoperative tumor staging in patients
with EC using CEUS.
2. Methods

2.1. Search strategy

This study is a meta-analysis of previously published studies, thus
no ethical approval or patient consent was necessary.We searched
PubMed, EMBASE, The Cochrane Library, Scopus, and Web of
science using the Cochrane Search Strategy for the identification of
eligible studies. Our search keywords included, “ultrasonic
angiography,” “endometrial neoplasms,” and their synonyms.
(full electronic search strategy in PubMed: (((((((((((((((((((((((En-
dometrial Neoplasm [Title/Abstract]) ORNeoplasm, Endometrial
[Title/Abstract]) OR Neoplasms, Endometrial [Title/Abstract])
OR EC [Title/Abstract]) OR Carcinoma, Endometrial [Title/
Abstract]) ORCarcinomas, Endometrial [Title/Abstract]) ORECs
Figure 4. SROC curve. SROC curve of contrast-enhanced ultrasound in the diagn
order that they are presented. SROC, summary receiver-operating characteristic
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[Title/Abstract]) OR Endometrial Cancer[Title/Abstract]) OR
Cancer, Endometrial [Title/Abstract]) OR Cancers, Endometrial
[Title/Abstract]) OR Endometrial Cancers [Title/Abstract]) OR
Endometrium Cancer [Title/Abstract]) OR Cancer, Endometrium
[Title/Abstract]) OR Cancers, Endometrium [Title/Abstract]) OR
Cancer of the Endometrium [Title/Abstract]) OR Carcinoma of
Endometrium [Title/Abstract]) OR Endometrium Carcinoma
[Title/Abstract]) OR Endometrium Carcinomas [Title/Abstract])
OR Cancer of Endometrium [Title/Abstract]) OR Endometrium
Cancers [Title/Abstract]))OR“EndometrialNeoplasms” [Mesh]))
AND (((((Ultrasonic angiography [Title/Abstract]) OR Contrast
enhanced ultrasound [Title/Abstract]) OR Contrast-enhanced
ultrasound [Title/Abstract]) OR phlebography [Title/Abstract])
OR Venography [Title/Abstract])) We also searched the China
Biological Medicine Database (CBM-disc) and China National
Knowledge Infrastructure (CNKI) Whole Article Database. We
searched for articles published from inception till November 20,
2020.

2.2. Study eligibility

The eligibility criteria included studies in which:
osis of endometrial carcinoma. Numbers represent the studies in Table I in the
s; AUC, area under curve; SENS, sensitivity; SPEC, specificity.
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1.
Fig
rep
the accuracy (sensitivity and specificity) of CEUS in the
diagnosis of EC was evaluated;
2.
 a gold standard was adopted to treat and confirm EC, such as
surgery and histopathology;
3.
 the data allowed for construction of a 2 � 2 table for true-
positives, false-positives, true-negatives, and false-negatives;
4.
 the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS)[20] score was ≥11; and
5.
 no language restriction was used.

The exclusion criteria were:
1.
 review articles, letters, comments, case reports, and articles
that did not include raw data; and
2.
 studies with the same sample.

2.3. Data extraction

Two investigators independently evaluated the potential studies,
and a checklist was used to determine final eligibility. Any
disagreement on study inclusion or exclusion was resolved by
consensus.We collected the following features for eligible studies:
1.
 first author’s name,

2.
 year of publication,

3.
 age,
ure 5. Deek funnel plot asymmetry test. Deek funnel plot asymmetry test fo
resent the studies in Table I in the order that they are presented. ESS, effect

5

4.
r pu
ive
number of subjects,

5.
 country of origin,

6.
 model of the equipment used,

7.
 study design [prospective, retrospective, or unclear],

8.
 contrast agent, and

9.
 staging criteria.

2.4. Study quality

Quality assessment was performed using an assessment system
with 14 items proposed by QUADAS.20 The items, phrased as
questions, were scored as “yes,” “no,” or “unclear.” The quality
assessment score ranged from 0 (observed minimum) to 14
(observedmaximum). If the score was greater than or equal to 11,
the quality of the study was considered relatively high. All
disagreements were resolved by consensus.
2.5. Statistical analysis

The meta-analysis was performed using Stata 15 software. We
calculated the pooled sensitivity and specificity, positive and
negative likelihood ratios, and the diagnostic odds ratio (OR) of
CEUS, along with the respective 95% confidence intervals (CIs),
using a meta-analysis model. We constructed a hierarchical
summary receiver operating characteristic (SROC) curve plotting
blication bias for the 15 studies included in the meta-analysis. Numbers
sample size.

http://www.md-journal.com
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sensitivity vs specificity and calculated the area under the curve.
These data were pooled using a random effect model.
Cochran Q was used to determine the probability coefficients

and the OR. A x2 test for heterogeneity was conducted for each
clinical feature. A P value �.05 was considered to denote
statistically significant heterogeneity. Forrest plots were drawn to
illustrate the distribution of the data points in each study in
association with the summary pooled estimate. The heterogeneity
of the sensitivities and specificities were tested using the
likelihood ratio test. Publication bias was assessed using Deeks
funnel plot asymmetry test. P> .05 suggested no significant
publication bias.

3. Results

3.1. Study characteristics

We found 417 studies after our systematic review of literature.
After duplicate records were removed, 311 studies remained. We
Figure 6. Forest map of subgroup analysis1. Forest map of subgroup analysis for c
= retrospective study; Prosp = prospective study. Black diamonds indicate the
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then excluded 220 studies after screening titles and abstracts
because the content was not relevant to the study question. Full-
text versions of the remaining 91 articles were obtained and
assessed for eligibility, after which 76 studies were excluded.
Among the 76 excluded studies, 70 did not meet the inclusion
criteria due to insufficient sensitivity, specificity, accuracy, or
correlation values. Six studies with duplicated data were
excluded. Thus, 15 studies with 685 patients were included in
this meta–analysis. Their data were extracted.[21–35]A flow chart
depicting the selection process is presented in Figure 1. After
removing studies that were duplicates and did not meet the
eligibility criteria, 15 studies with 685 patients were included in
this study.
All the studies were carried out in China. All the studies were

case series (6 retrospective, 9 prospective). The microbubble
contrast agent used in all the studies was SonoVue. In all the
studies, EC was pathologically confirmed in addition to the
diagnosis by CEUS. Characteristics of the included studies are
ontrast-enhanced ultrasound in the diagnosis of endometrial carcinoma. Retro
weight of each study; blue diamonds indicate the overall result.



Figure 7. Forest map of subgroup analysis2. Forest map of subgroup analysis for contrast-enhanced ultrasound in the diagnosis of endometrial carcinoma. Black
diamonds indicate the weight of each study; blue diamonds indicate the overall result. FIGO, the International Federation of Gynecology and Obstetrics.
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presented in Table 1. An assessment of quality of the included
studies using the QUADAS-2 scale is shown in Figure 2.

3.2. Data synthesis

As presented in Figure 3A and 3B, the pooled sensitivity of CEUS
in the diagnosis of EC was .81 (95%CI, .76–.85), and the pooled
specificity was .90 (95% CI, .87–.92). The positive likelihood
ratio of CEUS was 8.0 (95% CI, 5.8–11.1) and the negative
likelihood ratio was .21 (95% CI, .16–.28). The diagnostic OR
was 38 (95% CI, 22–67). The area under the curve was .93
(Fig. 4).
The Deeks funnel plot in Figure 5 shows that the studies were

distributed symmetrically (P value =.21).
7

3.3. Subgroup analyses

We conducted a subgroup analysis of the predesign and staging
standard of the studies to explore whether they were sources of
heterogeneity. Significant differences (I-squared=82.1%, P
< .001) were found in the retrospective studies (Fig. 6). The
test for in-group differences (I-squared=24.4%, P= .23) was not
statistically significant in prospective studies. In total, the test for
between-group differences (I-squared=61.7%, P= .001) was
statistically significant. There were no differences in the studies
with the same staging standard (Fig. 7). However, the test for
among-group differences (I-squared=58.8%, P= .002) were
statistically significant in different groups with different staging
standards. Figures 8 and 9

http://www.md-journal.com


Figure 8. Time–intensity curves. Time–intensity curves derived from contrast-enhanced ultrasonography of tumor and normal myometrium (red: tumor, yellow:
normal myometrium).
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4. Discussion
EC is the most common gynecologic tumor in developed
countries, and the incidence rate is increasing annually.[36] Since
the introduction of CEUS, it has gained an important role in the
diagnosis and management of abdominal and pelvic diseases.
Compared to conventional ultrasonography, CEUS can improve
lesion detection rates and success rates of interventional
procedures. Additionally, CEUS enables the interventionist to
assess the dynamic enhancement of different tissues and lesions,
without the adverse effects of contrast-enhanced computed
tomography, such as exposure to ionizing radiation and
nephrotoxicity from iodinated contrast material.[37] Fifteen
studies were included in this meta-analysis. The sensitivity and
specificity of CEUS were 81% and 90%, respectively. This
showed that CEUS has a high accuracy in the diagnosis of EC.We
reduced all bias types. We did a comprehensive literature search
and detailed data extraction to avoid selection bias. All the
included studies had a QUADAS score ≥11, indicating that they
had a high methodological quality, and the possibility of bias was
low. Literature retrieval, data extraction, and study quality
assessment were conducted by 2 researchers independently.
8

Deeks funnel chart showed a P value of .21, indicating that there
was no significant publication bias in this study. When the area
under the SROC curve is �.5, there is no diagnostic value. When
the area under the SROC curve is�.7, the diagnostic value is low.
When the area under the SROC curve is between .7 and .9, the
diagnostic value is high. When the area under the SROC curve is
>.9, the diagnostic value is very high. In this study, the area under
the curve was 0.93, which shows that the diagnostic accuracy of
CEUS is very high.
There are limitations in our research. First, the editions of the

adopted staging standards of the International Union of
Gynecology and Obstetrics varied with the research institutes
for example, 2009,[28–30] 1988,[24,27] and 2000.[25] This was a
source of heterogeneity. Second, the use of different types of
machines and operators could lead to measurement bias,
resulting in an underestimation or overestimation of the
diagnostic accuracy of EC. Third, all the included studies were
Chinese studies; this could be because CEUS is widely used in the
staging and diagnosis of EC in China, but not in other countries.
Therefore, further research is needed to evaluate the value of
CEUS in the diagnosis of EC.



Figure 9. Images of a stage IA endometrial carcinoma with bulky tumor. (A) Image before the injection of the bolus showed marked enlargement of endometrium.
(B) Image at 14seconds after administration showed asymmetrically enhanced tumor. (C) Image at 18seconds showed the maximal concentration of contrast
agent in the tumor. (D) Image at 27seconds showed that tumor washed out earlier than normal myometrium, thus formed a clear peritumoral halo.
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5. Conclusion

Our results show that CEUS has a high clinical value in the
staging of EC. CEUS provides a simple and low-cost method for
the diagnosis of EC. Early and accurate diagnosis and evaluation
is very important for the selection of the best treatment plan and
outcome prediction. Accurate preoperative staging is helpful for
preoperative preparation and selection of the best operation
method. Therefore, CEUS is worth popularizing for the staging of
EC.
9
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