
O R I G I N A L  R E S E A R C H

The Role of Contrast-Enhanced Ultrasound in 
Evaluating Gestational Trophoblastic Neoplasia: 
A Preliminary Study

This article was published in the following Dove Press journal: 
Cancer Management and Research

Na Su* 
Chenyang Zhao * 
Bo Zhang 
Zhenhong Qi 
Bin Gao 
Zhenzhen Liu
Meng Yang 
Yuxin Jiang 
Qing Dai

Department of Ultrasound, Peking Union 
Medical College Hospital, Chinese 
Academy of Medical Sciences and Peking 
Union Medical College, Beijing, People’s 
Republic of China  

*These authors contributed equally to 
this work  

Objective: We aimed to compare the imaging features of gestational trophoblastic neopla-
sias (GTNs) and benign pregnancy-related uterine diseases on contrast-enhanced ultrasound 
(CEUS) to explore the clinical value of CEUS in differentiating these two types of uterine 
lesions.
Materials and Methods: In this prospective study, patients with GTNs before and after 
chemotherapy and benign pregnancy-related uterine lesions received conventional US and 
CEUS. The imaging features and parameters of CEUS of the lesions were assessed.
Results: A total of 73 patients were enrolled in this study, including 48 with GTNs and 25 
with benign lesions. The enhancement pattern of newly diagnosed GTNs was mainly diffuse 
enhancement (70.8%), with a non-enhanced area of less than 1/3 of the entire lesion. For the 
benign group, the enhancement pattern was mainly ring-shaped enhancement (72.0%), and 
the non-enhanced area was more than 1/2 (68.0%), significantly different from that of GTNs 
(P = 0.000 and 0.002, respectively). Forty-one lesions demonstrated unclear boundaries on 
greyscale US but clearly displayed on CEUS. In both the benign and malignant groups, the 
measurements of lesion size on CEUS were larger than those on greyscale US (P = 0.000). 
The measurement differences (ΔD: D2-D1) of the malignant cases were higher than those of 
the benign cases (P = 0.001).
Conclusion: GTNs and benign pregnancy-related uterine diseases have different imaging 
characteristics on CEUS. The boundary and involved range of the lesion can be clearly 
demonstrated on CEUS. CEUS possesses clinical value in diagnosing and evaluating GTNs 
and benign pregnancy-related diseases.
Keywords: ultrasound, contrast-enhanced ultrasound, gestational trophoblastic neoplasia

Introduction
Gestational trophoblastic neoplasia (GTN) is a category of malignant disease 
originating from abnormal trophoblastic proliferation and includes invasive hyda-
tidiform mole, choriocarcinoma, placental site trophoblastic tumour (PSTT), and 
epithelioid trophoblastic tumour (ETT). Women of reproductive age are susceptible 
to GTN and are often referred to hospitals with symptoms of irregular vaginal 
bleeding after hydatidiform mole (HM), miscarriage, or childbirth and a continuous 
increase in β-human chorionic gonadotropin (β-hCG). Invasive mole is the most 
common type of GTN, which usually follows with HM. Choriocarcinoma is 
a rather rare type of GTN, and it can occur after HM, abortion, or even normal 
pregnancies. PSTT and ETT are very rare malignant conditions, which can also 
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occur after HM or normal gestations.1 GTNs are highly 
malignant, characterized by invasion into the uterine mus-
cle layer and remote metastasis of abnormal trophoblastic 
cells at an early phase. If not treated in time and efficiently, 
GTNs can result in high mortality. Particularly, GTN poses 
a great threat to Asian women, who are reported to have 
a high rate of GTN according to previous studies.2,3 

Importantly, GTN is very sensitive to chemotherapy, with 
a cure rate of 80–90%. Therefore, early diagnosis and 
timely treatment are crucial for improving the prognosis 
of GTNs.4,5

The β-hCG level is the most important evidence for 
diagnosing GTN, and the monitoring of β-hCG level after 
HM can be crucial to identify postmolar GTN. Imaging 
methods provide additional information for diagnosing and 
evaluating GTN, and they also play a part in disease 
surveillance after treatment.6 Considering that GTNs are 
usually diagnosed clinically based on the integration of 
clinical, laboratory and imaging information, without 
reference to pathological results, in some conditions, mis-
diagnosis may occur. Ectopic pregnancies that occur in 
rare places, such as the uterine horn, caesarean section 
scar and intrauterine wall, as well as residual uterine 
pregnancies, can be misdiagnosed as GTNs and receive 
unnecessary chemotherapy. Another rare manifestation of 
GTNs is that they might present as uterine masses accom-
panied by abnormal vaginal bleeding after menopause and 
increasing β-hCG levels. Therefore, methods that can dif-
ferentiate benign uterine lesions from GTNs are of clinical 
value.

Transvaginal ultrasound (US) has acquired 
a substantial role in diagnosing and managing GTNs 
with the development of Doppler techniques.7–9 GTNs 
and other benign pregnancy-related uterine diseases can 
sometimes appear similar on greyscale and colour Doppler 
US, manifesting as focal lesions with rich blood flow 
signals.10 Hence, it is crucial to develop new imaging 
methods as a complement to conventional US for diagnos-
ing GTNs. Contrast-enhanced ultrasound (CEUS), a novel 
imaging technique that has been widely used clinically, 
can be used to visualize blood perfusion and microvessels 
of target organs and tissues with the use of microbubbles 
(MBs) as the contrast agent. By showing the distributions 
of blood vessels and real-time haemodynamic changes, 
CEUS can provide additional information for a variety of 
diseases, including some gynaecological diseases,11–13 

thus enhancing the diagnostic efficacy of US.14,15 To our 
knowledge, the application of CEUS for GTNs has seldom 

been reported. In this study, CEUS was performed on 
patients with GTNs to identify the vascular distribution 
and blood perfusion of GTN lesions, aiming to investigate 
the feasibility of CEUS in diagnosing and evaluating 
GTNs. We also compared the imaging features of GTNs 
and benign pregnancy-related uterine diseases on CEUS to 
explore the clinical value of CEUS in differentiating the 
two types of uterine lesions.

Materials and Methods
This study was designed as a prospective study in a single 
medical center and approved by the Institutional Review 
Board of Peking Union Medical College Hospital 
(PUMCH). Written informed consent was received from 
all recruited patients. The study was conducted in accor-
dance with the Declaration of Helsinki in the whole 
process.

Patient Enrolment
From September 2016 to July 2019, patients in the 
Department of Obstetrics and Gynecology of our hospital 
who met any of the following conditions and agreed to 
undergo a CEUS examination were recruited for this 
study: 1) patients who were diagnosed with GTN accord-
ing to clinical standards (2002 The International 
Federation of Gynecology and Obstetrics [FIGO] standard 
for GTN) and whose uterine lesions were detected by 
conventional US; and 2) patients who were suspected of 
having pregnancy-related diseases and whose uterine 
lesions were detected by conventional US. Patients with 
severe heart disease and an allergy history were excluded. 
The final diagnosis of GTNs was verified by post- 
operative pathology or clinical standards if no operation 
was performed. The diagnosis of benign pregnancy-related 
diseases was verified by post-operative pathology. All the 
pathological examinations were verified by two experi-
enced pathologists of our hospital.

Settings for CEUS
Greyscale US, colour Doppler US, and CEUS were per-
formed using a transvaginal probe (V8-4, Philips IU22, 
USA) and a transabdominal probe (C5-2, Philips IU22). 
The scanning setting was maintained in the pre-set mode 
for each examination (Pelvic general for conventional US 
and Gyn/contrast general for CEUS). The settings for 
colour Doppler US included a pulse repetition frequency 
of 600–1000 Hz, a wall filter of 45–55 Hz, a maximum 
gain of 85–90%, and a scale of 10 cm/s. The pulse 
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inversion harmonics (PIH) technique was applied with 
a mechanical index of 0.08.

The second-generation MB contrast agent SonoVue 
(Bracco, Italy) was used. Before injection, MBs were 
mixed with 5 mL of saline and shaken well. The mixture 
had a concentration of 8 μg/mL and a pH value of 4.5–7.5, 
isosmotic with human plasma.

Imaging Procedures
Transabdominal US was performed on patients with the 
following symptoms: 1) dynamic vaginal bleeding; and 2) 
large-sized lesions or lesions located at the bottom of the 
uterus that were difficult to visualize clearly by transvagi-
nal US.

Conventional greyscale US was first performed by 
a radiologist with 10 years of working experience in 
gynaecological US. The radiologist modified the settings, 
including gain, depth, and focus, to better visualize the 
lesions. Typical images of two perpendicular sections on 
greyscale US were recorded for each patient. Colour 
Doppler US was performed to observe the distributions 
and characteristics of blood flow within the myometrium 
and para-uterine tissues and vascularization of the sur-
rounding and internal lesions.

Subsequently, a 21G trocar was punctured into the 
patient’s left elbow vein to establish a venous channel, 
and then a bolus of 1.2 mL MB suspension was rapidly 
injected into the venous channel with 5 mL saline. Each 
patient received 2–3 CEUS examinations. During the first 
examination, the lesions and the uterus were observed in 
overall view by moving the probe. The second examina-
tion was conducted after complete washout of the MBs. 
During the second examination, the sections showing areas 
with abundant vessels of the lesions were chosen for 
a consecutive observation for 3 minutes, the patients 
were instructed to breathe calmly, and the probe was 
kept fixed. CEUS was performed for a third time if no 
satisfactory video was obtained during the second exam-
ination. The whole CEUS process lasted for 20–30 min-
utes for each patient. The conventional US and CEUS 
examinations were performed by a radiologist with ten 
years of experience in gynaecological US.

Imaging Analysis
Two radiologists with five years of experience in gynae-
cological US read and evaluated the conventional US and 
CEUS images independently and were blinded to the clin-
ical information. When discrepancies occurred, the final 

result was reached after a discussion between the two 
radiologists.

The following features were evaluated on conven-
tional US:

1. site (uterine cavity, fundus, anterior wall, posterior 
wall, sidewall, uterine horn, and cervix);

2. size (maximum diameter of the lesion);
3. morphology (regular and irregular);
4. border (clear and unclear);
5. internal echo (no echo, hypoechogenicity, isoecho-

genicity, and hyperechogenicity);
6. composition (cystic, cystic solidity, and solidity);
7. posterior acoustic feature (no change, enhancement, 

and attenuation);
8. relationship with the serous membrane layer (clear 

boundary, unclear boundary, and breakthrough the 
serous membrane layer);

9. vascularization (no blood flow, sparse, and abun-
dant); and

10. distribution site (peripheral, internal, and peripheral 
and internal).

The following features were assessed on CEUS:

1. enhancement order (concentricity, eccentricity, and 
simultaneous);

2. enhancement size (whether consistent with the size 
of greyscale US);

3. enhancement boundary (clear and unclear);
4. non-enhanced area (0, less than 1/3, 1/3–1/2, 1/2–2/ 

3, and more than 2/3); and
5. enhancement pattern (diffuse enhancement, 

enhancement was observed within the whole lesion 
or with the fissured non-reinforced area; regional 
enhancement, some regions of the lesion were 
enhanced, with sheet-like unenhanced areas; reticu-
late enhancement, reticulate enhancement was 
observed, and the non-enhanced areas presented as 
a honeycomb structure; and ring-shaped enhance-
ment, ring-shaped or semi-ring-shaped enhancement 
around the lesion was observed, with no internal 
enhancement or regional enhancement (Figure 1).

The time-intensity curve of CEUS was depicted using 
the off-line software QLAB (version 4.2.1, Philips). 
The lesion and the uninvolved myometrium symmetri-
cal with the lesion were selected as the regions of 
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interest (ROIs). A rectangular frame of 2–3 mm2 was 
applied to sample the ROIs. When drawing the ROIs, 
large blood vessels were avoided. The imaging para-
meters of the lesions and uninvolved myometrium, 
including the start time of enhancement, peak time, 
rise time (peak time – start time), peak intensity, and 
enhancement rate (enhancement intensity/rise time), 
were calculated.

Statistical Analysis
The statistical analysis was performed using SPSS 20.0 
(IBM Corporation, Armonk, NY, USA). Continuous 
variables are presented as the mean ± SD. The t-test 
and Mann–Whitney U-test were used to examine group 
differences in the mean values of imaging parameters. 
Continuous variables were compared using the χ2 test 

and Fisher’s exact probability method. A P value of 
<0.05 was considered statistically significant.

Results
A total of 73 patients were enrolled in this study. 
Forty-eight patients with GTNs received CEUS: 24 
newly diagnosed patients who did not receive treatment 
and 24 patients who received 1–3 courses of che-
motherapy before being referred to our hospital. 
There were 19 cases that received surgeries, including 
17 that were treated with total hysterectomy, and 2 
cases that received surgical excision. Seven cases 
were invasive hydatidiform mole, 11 of choriocarci-
noma, and 1 of PSTT. The others had no pathological 
results and were diagnosed according to clinical stan-
dards. Four newly diagnosed patients with invasive 

Figure 1 The four enhancement patterns (A) diffuse enhancement; (B) regional enhancement; (C) reticulate enhancement; (D) ring-shaped enhancement.
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hydatidiform mole and two newly diagnosed patients 
with choriocarcinoma received a CEUS examination 
again after the second course of chemotherapy. One 
newly diagnosed patient with invasive hydatidiform 
mole received two additional CEUS examinations 
after the second and fourth courses of chemotherapy. 
A total of 56 CEUS examinations, including 28 trans-
abdominal US examinations and 28 transvaginal US 
examinations, were conducted for all patients with 
GTN. Twenty-five patients with benign pregnancy- 
related uterine diseases underwent 8 transabdominal 
US examinations and 17 transvaginal US examinations. 
The clinical information of these patients is listed in 
Table 1. The patients were divided into three groups 
for further analysis: Group 1, patients with newly diag-
nosed GTNs; Group 2, patients with GTNs who 
received chemotherapy; and Group 3, patients with 
benign pregnancy-related uterine diseases.

Imaging Features on Conventional US
The imaging features of Groups 1–3 are shown in Table 2. 
There was a significant difference in lesion boundary 
between Group 1 and Group 3 (P = 0.000); the malignan-
cies were more likely to have unclear boundaries (87.5%), 
while clear boundaries were observed in most patients 
with benign diseases (64%). Malignant GTNs had more 
abundant vessels, of which blood vessels could be 
observed both within and surrounding the lesions 
(70.8%). Most benign cases had a peripheral distribution 
of blood vessels. Compared with newly diagnosed GTNs, 
the patients that received chemotherapy exhibited fewer 
blood vessels, mostly surrounding the lesions. There were 
no differences in shape, echogenicity, or composition 
among the three groups.

CEUS Features of Groups 1-3
The imaging features of the malignant GTNs and benign 
uterine diseases observed on CEUS are shown in Table 3, 
and the typical cases are illustrated in Figures 2–4.

Group 1: For the 15 cases of invasive hydatidiform mole, 
93.3% (14/15) demonstrated clear boundaries after CEUS, 
80.0% (12/15) showed a diffuse enhancement pattern, 86.7% 
(13/15) showed simultaneous enhancement, and 80.0% (12/ 
15) had a non-enhanced area of less than 1/3 of the whole 
lesion. For the 8 cases of choriocarcinoma, 75% (6/8) had 
clear boundaries. The diffuse enhancement pattern and ring- 
shaped enhancement pattern accounted for 50% (4/8) each, 
and 87.5% (7/8) of the lesions were enhanced simultaneously 
with varied portions of non-enhanced areas. Four cases 
showing a diffuse enhancement pattern had an average max-
imal diameter of 3.28±1.45 cm on CEUS images. The other 4 
cases showing a ring-shaped enhancement pattern had an 
average maximal diameter of 5.80±1.48 cm, which was sig-
nificantly larger than those with a diffuse pattern. The case of 
PSTT showed a diffuse enhancement pattern and was simul-
taneously enhanced with a non-enhanced area of less than 1/3 
of the whole lesion.

Group 2: For the 17 cases of invasive hydatidiform 
mole after chemotherapy, 94.1% (16/17) showed a clear 
boundary, 64.7% (11/17) showed a diffuse enhancement 
pattern, and 70.6% (12/17) were enhanced simultaneously 
with varied portions of non-enhanced areas. For the 15 
cases of choriocarcinoma after chemotherapy, 93.3% (14/ 
15) showed clear boundaries, 73.3% (11/15) showed ring- 
shaped enhancement, 73.3% (11/15) were enhanced simul-
taneously, and 86.7% (13/15) had non-enhanced areas 
greater than 2/3 of the whole lesion.

Table 1 Patient Clinical Characteristics

GTN

Total number 48

Age 32.4±9.2

Types of GTNs Invasive hydatidiform mole 26

Newly diagnosed 5

After chemotherapy 11
Choriocarcinoma 21

Newly diagnosed 8

After chemotherapy 13
PSTT 1

Stage (FIGO standard) I 11 (22.9%)
II 2 (4.2%)

III 33 (68.8%)

IV 2 (4.2%)

Prognosis score Low risk (≤6) 28

High risk (>6) 20

Benign pregnancy-related diseases

Total number 25

Age 30.4±4.6

Types Ectopic pregnancy 18

Cornual pregnancy 11
Scar pregnancy 5

Intramural pregnancy 2

Pregnancy residuals 7

Abbreviations: GTN, gestational trophoblastic neoplasia; FIGO, The International 
Federation of Gynecology and Obstetrics.
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Group 3: For the 11 cases of cornual pregnancy, all 
showed a ring-shaped enhancement pattern (100%), and 
72.7% (8/11) were enhanced simultaneously with varied 
portions of non-enhanced areas. For the 5 cases of scar 
pregnancy, all showed a ring-shaped enhancement pattern 
(100%) and were enhanced simultaneously (100%), and 
80% (4/5) had a non-enhanced area greater than 2/3 of the 
whole lesion. One of the intramural pregnancies had 
a ring-shaped enhancement pattern with a non-enhanced 
area greater than 2/3, and the other showed a diffuse 
enhancement pattern. Most cases of pregnancy residuals 
had regional enhancement (85.7%), and all were enhanced 
simultaneously (100%), with varied portions of non- 
enhanced areas.

Comparisons of CEUS Features Among 
the Three Groups
The comparisons of CEUS features of the three groups are 
listed in Table 4. Most of the benign and malignant dis-
eases showed clear boundaries on CEUS. Simultaneous 
enhancement was mostly observed in both benign and 
malignant lesions. There was a significant difference 
between Group 1 and Group 3 in the enhancement pattern 
and non-enhanced area (P = 0.000 and 0.002, respec-
tively). The enhancement pattern of Group 1 was mainly 
diffuse enhancement (70.8%), and the non-enhanced area 

was mostly less than 1/3. In the benign group, the 
enhancement pattern was mainly ring-shaped enhancement 
(72.0%), and the non-enhanced area was more than 1/ 
2 (68.0%).

Compared with Group 2, which received treatment, the 
enhancement pattern of Group 1 was mainly regional and 
ring shaped (78.1%), and the non-enhanced area was lar-
ger than that of Group 1, with 2/3 of the non-enhanced 
area in 50% of cases.

Comparisons of CEUS Imaging 
Parameters Among the Three Groups
The parameters for the time-intensity curves are shown in 
Table 5. All three groups had significant differences in the 
imaging parameters of normal myometrium (P < 0.05). 
Early and fast enhancement was observed in all lesions, 
with a higher peak intensity than that in normal myome-
trium. No significant differences in the parameters were 
detected among the three groups.

Among the 81 lesions, 41 demonstrated unclear bound-
aries on greyscale US, but on CEUS, the boundaries of the 
lesions were clearly displayed and distinguished from nor-
mal myometrium.

In both the benign and malignant groups, the measure-
ments of lesion size on CEUS were larger than those on 
greyscale US, with significant differences (P = 0.000). The 

Table 2 Comparisons of Conventional US Features among Three Groups (Newly Diagnosed GTNs, GTNs After Chemotherapy, 
Benign Pregnancy-Related Uterine Diseases)

Imaging Features of Conventional US Newly Diagnosed GTNs (%) GTNs After Chemotherapy (%) Benign Diseases (%)

n=24 n=32 n=25

Size (cm) 4.1±2.2 3.9±2.8 4.0±1.8

Boundary Clear 3 (12.5) 15 (46.9) 16 (64.0)

Unclear 21 (87.5) 17 (53.1) 9 (36.0)

Shape Regular 3 (12.5) 13 (40.6) 7 (28.0)

Irregular 21 (87.5) 19 (59.4) 18 (72.0)

Internal Echogenicity Hypoechogenicity 2 (8.3) 7 (21.9) 5 (20.0)

Isoechogenicity 22 (91.7) 25 (78.1) 20 (80.0)

Composition Solid-cystic 20 (83.3) 19 (59.4) 17 (68.0)

Solid 4 (16.7) 13 (40.6) 8 (32.0)

Vascularization No/scarce 0 (0.0) 10 (31.2) 3 (12.0)

Abundant 24 (100) 22 (68.8) 22 (88.0)

Vascular distribution Internal 3 (12.5) 19 (59.4) 17 (68.0)
Peripheral 4 (16.7) 2 (6.2) 1 (4.0)

Internal and peripheral 17 (70.8) 11 (34.4) 7 (28.0)
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Figure 2 A typical case of choriocarcinoma. A 32-year-old female with abnormal vaginal bleeding for 52 days after delivery, was diagnosed with choriocarcinoma (Stage I) by 
clinical standard and post-operative pathology. (A–E) a greatly enhanced area within the posterior uterine wall was demonstrated on CEUS, with a diffuse enhancement 
pattern. (F) The time-intensity curve shows that the start time of the lesion is earlier than that of the normal myometrium, and the peak intensity is greater than that of the 
normal myometrium.

Figure 3 A typical case of invasive hydatidiform mole. A 28-year-old female with elevation of hCG level for 30 days after treatment of hydatidiform mole, was diagnosed as invasive 
hydatidiform mole according to clinical standard and post-operative pathology. (A) a cystic solid lesion was seen in the left wall of the uterus; (B and C) abundant vessels were 
detected within the lesion by color-Doppler US, with a low resistance index (RI: 0.32); (D–F) a diffuse enhancement pattern of the lesion was observed on CEUS, earlier than the 
normal myometrium. The lesion boundary was more clearly visualized after enhancement, and the range of lesion displayed after CEUS was larger than grey-scale US.
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measurement differences (ΔD: D2-D1) of the malignant 
cases were higher than those of the benign cases (P = 
0.001) (Table 6).

Discussion
Using MBs as the contrast agent, CEUS can demonstrate 
microvessels and blood perfusion of the target organs or 

Figure 4 A typical case of benign pregnancy-related uterine lesion. A 35-year-old female with vaginal bleeding after abortion for more than 1 month, was diagnosed with 
pregnancy residue. (A) A heterogeneous mass was detected at the bottom of the uterine cavity; (B and C) enriched blood flow signals with the mass were detected on 
color-Doppler US, with a low resistance index (RI: 0.40); (D–F) the lesion shows a regional enhancement pattern on CEUS with a non-enhanced area within the lesion, and 
the lesion boundary was more clearly visualized after enhancement.

Table 4 Comparisons of CEUS Features among Three Groups (Newly Diagnosed GTNs, GTNs After Chemotherapy, Benign 
Pregnancy-Related Uterine Diseases)

Imaging Features of CEUS Newly Diagnosed GTNs (%) GTNs After Chemotherapy (%) Benign Diseases (%)

n=24 n=32 n=25

Boundary Clear 20 (83.3) 30 (93.8) 24 (96.0)

Unclear 4 (16.7) 2 (6.2) 1 (4.0)

Enhancement pattern Diffuse 17 (70.8) 4 (12.5) 1 (4.0)

Regional 1 (4.2) 14 (43.8) 6 (24.0)
Reticulate 2 (8.3) 3 (9.4) 0 (0.0)

Ring-shaped 4 (16.7) 11 (34.3) 18 (72.0)

Enhancement order Concentric 3 (12.5) 9 (28.1) 3 (12.0)

Simultaneous 21 (87.5) 23 (71.9) 22 (88.0)

Non-enhanced area 0 4 (16.7) 0 (0.0) 0 (0.0)

< 1/3 14 (58.4) 6 (18.8) 5 (20.0)

1/3-1/3 2 (8.3) 5 (15.6) 3 (12.0)
1/2-2/3 2 (8.3) 5 (15.6) 7 (28.0)

>2/3 2 (8.3) 16 (50.0) 10 (40.0)
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tissues, thus providing additional imaging information for 
diagnosing diseases. Due to its non-invasive and non-toxic 
nature, CEUS has recently received wide utilization for 
a variety of clinical purposes. However, the use of CEUS 
in diagnosing GTNs and benign pregnancy-related dis-
eases has seldom been reported. Makoto Emoto et al sug-
gested that CEUS could be used to differentiate invasive 
and non-invasive GTNs by enhancing blood flow,16 but the 
detailed features of GTNs on CEUS have not yet been 
discussed. In this study, with reference to CEUS for liver, 
thyroid, and breast diseases, we investigated the character-
istics of malignant and benign pregnancy-related uterine 
disease, including lesion boundary, enhancement order, 
enhancement size, enhancement pattern, and no enhance-
ment area, on CEUS. This is the first study to compare the 
features of GTNs and benign pregnancy-related diseases 
on CEUS and validated the feasibility of CEUS in diag-
nosing and managing GTNs.

The blood supply of normal myometrium is character-
ized by radial distribution from the serosa to the intima. 
Therefore, it is speculated that the order of entry of MBs in 
GTNs should be from the outside to the inside. 
Simultaneous enhancement, which might be caused by 
the high velocity of blood flow in lesions that cannot be 
distinguished by visual observation, was observed in most 
lesions in this study. Lesions with concentric enhancement 

are generally large, and MBs take a long time to enter the 
entire lesion.

Most lesions, including those showing unclear bound-
aries on greyscale US, presented clear boundaries after the 
injection of MBs, which might account for the faster entry 
of MBs into lesions than into normal myometrium. 
Moreover, the lesion size measured on CEUS tended to 
be larger than that measured on greyscale US for both 
malignant and benign diseases. The measurement var-
iances of malignant lesions were significantly larger than 
those of benign lesions. For the GTNs, an infiltrated area 
was formed between the muscular layer and the lesion 
without an envelope. These GTNs cannot be differentiated 
on greyscale US but can be distinguished by evident 
enhancement on CEUS; therefore, they were included in 
the measurement. For benign pregnancy-related diseases, 
there also exists an infiltrated area smaller than that of 
GTNs due to the minimal invasiveness of normal tropho-
blasts. The difference in enhancement patterns of GTNs 
and benign diseases can be accounted by the difference of 
degree of invasiveness of the two diseases. However, 
because both of the diseases are generated from the inva-
siveness of villous trophoblasts and the destruction of 
myometrium, to form blood pools and arteriovenous fistu-
las, the lesions would have high-speed and low-resistance 
changes on the spectral Doppler. Therefore, no significant 
difference was shown in CEUS parameters.

The newly diagnosed GTNs in this study exhibited 
mainly a diffuse enhancement pattern with no or minimal 
non-enhanced areas, reflecting abundant blood flow within 
malignant lesions. Ring-shaped enhancement and regional 
enhancement were observed mainly in benign lesions, 
representing the abnormal implantation site of tropho-
blasts. Relatively large areas of non-enhancement were 
detected in benign lesions. From the results of this study, 

Table 5 CEUS Parameters of the Time-Intensity Curves for Three Groups

CEUS Parameters Newly Diagnosed GTNs n=24 GTNs After Chemotherapy n=32 Benign Diseases n=25

Starting time (s) Lesions 9.83±2.76 9.78±2.41 10.50±2.48
Myometrium 12.75±3.18 12.38±3.55 13.82±2.76

Peak time (s) Lesions 14.09±4.13 14.37±2.77 14.22±2.53
Myometrium 21.95±6.67 18.59±5.10 22.74±6.11

Peak intensity (dB) Lesions 24.10±2.21 23.01±2.99 24.14±1.97
Myometrium 18.43±3.87 17.91±4.47 17.69±3.87

Enhancement rate (dB/s) Lesions 6.96±3.35 6.84±3.42 6.93±1.79
Myometrium 2.65±1.52 3.45±1.74 2.38±0.99

Table 6 The Comparisons of Malignant and Benign Pregnancy- 
Related Diseases in the Maximal Length Measured on Gray-Scale 
US and CEUS

D1 (Gray-Scale 
US)

D2 
(CEUS)

ΔD (D2- 
D1)

Malignant (n=56) 4.47±2.58* 4.94±2.60* 0.47±0.29**

Benign (n=25) 3.98±1.81* 4.22±1.91* 0.24±0.26**

Notes: *P = 0.000. **P = 0.001.
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we propose that the enhancement pattern may be used for 
differentiating malignant and benign pregnancy-related 
diseases. The four cases of invasive hydatidiform mole 
that presented reticulate enhancement were larger than 
other cases (9.68±2.2 cm vs 3.87±1.39 cm). For these 
four lesions, cystic structures were observed on greyscale 
US, representing oedema and villi congestion that occur in 
relatively large invasive hydatidiform mole lesions, and 
reticulate-enhanced regions represent the interstitial tissues 
of the villi. For the eight cases of choriocarcinoma, the 
average size of the lesions with diffuse enhancement was 
smaller than that of the lesions with ring-shaped enhance-
ment (3.28±1.45 cm vs 5.80±1.48 cm), which could be 
explained by the occurrence of necrotic areas in large 
malignant lesions.

The malignant lesions that received chemotherapy also 
exhibited regional and ring-shaped enhancement with large 
non-enhanced areas, which also represents increasing necro-
tic areas within lesions after treatment. The CEUS manifes-
tations after chemotherapy could also be useful axillary 
information to reflect the treatment efficacy and help guiding 
developing and changing treatment plans for the patients.

There are also several limitations to this study. First, 
the sample size of this study was relatively small. Some 
patients admitted to our hospital were transferred from 
other medical centres and received chemotherapy prior. 
More patients should be enrolled to further verify the 
role of CEUS in diagnosing GTNs and benign pregnancy- 
related diseases. Although in this study, histological results 
were obtained for all the recruited cases, for cases non- 
molar pregnancy, pathological examinations are not 
usually performed clinically. As a result, the number of 
cases recruited for this study is limited, and future verifi-
cation of CEUS might also be hard in collecting cases. 
Secondly, in this study, the β-hCG levels of the patients 
were not discussed, for the focus of the study was mainly 
put on the imaging changes. In future research, imaging 
manifestations and parameters should be compared with 
the β-hCG levels, in order to better investigate the role of 
CEUS in the management of pregnancy-related diseases. 
Moreover, imaging methods have been attached with 
much importance by clinicians in the disease surveillance 
of GTNs. CEUS may also possess clinical potential in 
monitoring the treatment efficacy of different chemother-
apy regimens and relapse of GTNs. Hence, further studies 
about the value of CEUS in disease monitoring of different 
regimens should be performed. More patients should be 
evaluated by CEUS before and after chemotherapy to 

investigate its role in reflecting the drug efficacy after 
comparing with clinical and laboratory results.

Conclusion
GTNs and benign pregnancy-related uterine diseases have 
different imaging characteristics on CEUS. CEUS can be 
utilized as an important adjunct tool for conventional US 
in diagnosing and evaluating GTNs before and after treat-
ment by providing more diagnostic information about the 
vascularization and blood perfusion of lesions.
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