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Abstract

Background
Through the research and analysis of colour Doppler ultrasound images (CDFIs) and contrast-enhanced ultrasonography (CEUS) images of intermediate
trophoblastic tumours (ITTs), the ultrasound characteristics and CEUS perfusion characteristics are summarized, and these �ndings can provide a
reference for the correct diagnosis of ITTs.

Methods
Seven ITT patients were diagnosed and treated in our institution from January 2016 to August 2020, and their clinical characteristics and ultrasound
image characteristics were studied.

Results
The most common clinical symptoms of an ITT are vaginal bleeding and menopause. In the study, 6 patients had a history of menopause, 5 patients
had irregular vaginal bleeding, and 1 patient was asymptomatic. The serum ß-human chorionic gonadotropin (ß-hCG) level was mainly a low-grade
increase, and the average level was approximately 8167 IU/L. However, the ß-hCG level in one patient with lung metastasis was not high (53.2 IU/L), and
the ß-hCG level in the other patient with ovarian and bladder metastases was high (55422.2 IU/L). In grey-scale ultrasound, ITTs can be divided into 3
types: type I, where most of the lesions protrude into the uterine cavity (2 patients); type II, where the lesions are partly located in the uterine cavity and
partly in the muscle layer (3 patients); and type III, where the lesions are limited to the myometrium (2 patients). The internal echo of the lesion can be
divided into solid and cystic-solid echo. CDFI shows that blood �ow signals from minimal to abundant. The enhancement mode of CEUS is mainly
regional enhancement (5 patients), the arterial phase is mainly slow and equal-slightly high enhancement (6 patients), and the enhancement boundary
is not clear (6 patients).

Conclusions
Certain characteristic changes in CEUS of ITTs, combined with clinical features, can provide help for the accurate diagnosis of ITT.

Background
Gestational trophoblastic disease (GTD) is a series of benign and malignant pregnancy diseases. Benign lesions include placental nodules and
placental overreaction, and neoplastic lesions include choriocarcinoma (CC), placental site trophoblastic tumour (PSTT) and epithelioid trophoblastic
tumour (ETT). Both PSTTs and ETTs are derived from intermediate trophoblast cells in the planting part of the placenta; however, PSTTs are derived
from planting intermediate trophoblast cells, and ETTs are derived from villous intermediate trophoblast cells [1]. Both have similar biological behaviours
and clinical characteristics. In 2014, the World Health Organisation (WHO) gynaecological tumour pathology classi�cation classi�ed ETTs and PSTTs
as ITTs. ITTs are the rarest type of gestational trophoblastic neoplasia (GTN), with an incidence of approximately 1%-2% [1].

ITTs mainly occur in women of childbearing age, but there are also reports of postmenopausal patients with ITT. ITTs can be secondary to multiple
pregnancy outcomes, including full-term pregnancy, miscarriage, ectopic pregnancy and molar pregnancy [2–3]. The time of onset varies from the
previous pregnancy. The shortest time of onset can occur at the same time as the full-term pregnancy, and the longest time of onset is 33 years after the
termination of the previous pregnancy. There are also some patients without a clear previous pregnancy history. The clinical manifestations of ITTs,
including abnormal vaginal bleeding, lower abdominal pain, abnormal vaginal discharge, and corresponding metastatic symptoms, are usually
nonspeci�c. Menopause and irregular vaginal bleeding are the most common symptoms [1]. Some patients may not have any clinical manifestations,
and ITTs are found during physical examination. Unlike other GTNs, which are highly aggressive, most ITTs have a good clinical course and slow
progression. PSTTs are con�ned to the uterus for a long time, and most of them do not easily metastasize; therefore, the prognosis is good. The most
common metastatic sites are the lung, liver and vagina [4–6]. The preoperative diagnosis of ETTs is very di�cult, and it is often accidently found by
pathology after surgery. ETT grows slowly, but many cases are highly aggressive, and the clinical outcome is often fatal [7]. ETTs are mainly
concentrated in the lower part of the uterus and cervix, and there are also extrauterine metastases, such as vagina, broad ligament, and fallopian tube,
and even to the lungs and liver [8]. Due to the lack of speci�c clinical manifestations of ITTs, they are easily misdiagnosed. The treatment plan and
clinical outcome of ITTs are quite different from those of other GTNs. Therefore, early diagnosis is essential for choosing a reasonable treatment plan
and improving patient prognosis.

Little is known about the ultrasound characteristics of ITTs. In 1991, Caspi et al. [9] described the ultrasound appearance of a PSTT for the �rst time. It
was a local lesion of the myometrium with a honeycomb cystic area, which was di�cult to distinguish from the ultrasound appearance of the invasive
mole. Savelli et al. [10] reported the �rst case in which PSTT was suspected and con�rmed by surgery during transvaginal ultrasonography (TVS). They
believed that the lesion had heterogeneous and unclear borders and scattered blood �ow. There are also cases showing that PSTT can lead to the
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formation of uterine arteriovenous �stulas [11], but there is a lack of real ultrasound research. In 2013, Zhou et al. [12] reviewed the ultrasound �ndings of
14 patients with PSTT. According to the location and characteristics of the lesion, these cases were divided into heterogeneous solid lesions in the
uterine cavity with minimal to moderate blood �ow signals, muscular heterogeneous solid lesions with minimal to abundant blood �ow signals and
cystic areas of the myometrium with abundant blood �ow signals. Some studies believe that ultrasound images of ETTs appear as a single
heterogeneous echogenic nodule of different sizes in the myometrium of the uterus and/or cervical canal, with clear boundaries and minimal blood �ow
signals [13]. In 2014, Qin et al. [14] retrospectively analysed the ultrasound images of 12 patients with ETT and concluded that the abundant blood �ow
signals around the lesion are a characteristic change in ETTs.

Colour Doppler ultrasound is currently the simplest and reproducible imaging method for diagnosing ITTs, but it is not highly speci�c compared to other
tumours. Colour Doppler ultrasound can provide a good understanding of tumour size, location, morphological contour, internal structure and
relationship with surrounding tissues. However, due to the poor ability of this technology to display low-velocity blood �ow and a certain angle
dependence, it is not ideal for imaging small blood vessels and low-velocity blood �ow in tumours and cannot meet the requirements for imaging
tumour neovascularization. Contrast-enhanced ultrasonography (CEUS) is a technology that uses contrast agents to enhance the backscatter echo,
thereby signi�cantly improving the resolution, sensitivity and speci�city of ultrasound diagnosis [15]. This technology is currently the latest method of
displaying vascular perfusion, which can signi�cantly improve the ability to display small blood vessels and low-velocity blood �ow in tumours. At
present, CEUS is mostly used in the diagnosis of gynaecological tumours, and there are no reports on using CEUS to diagnose ITTs. The main purpose
of this study is to review the clinical manifestations of ITTs, study and analyse the images of colour Doppler ultrasound and CEUS, and summarize the
characteristics of ultrasound and CEUS perfusion hope to provide references for the correct diagnosis of ITTs.

Methods
The patients with a suspected ITT were enrolled from January 2016 to August 2020 at the First A�liated Hospital, Zhejiang University School of
Medicine, and there were a total of 13 patients. Inclusion criteria included: related to pregnancy, uterine or pelvic lesions; a suspected ITT; and
willingness to undergo CEUS examination. The exclusion criteria were as follows: mass cornual pregnancy, incisional pregnancy, intramuscular
pregnancy, and residual pregnancy products diagnosed by routine ultrasound; and a history of drug allergy, heart disease, and severe lung disease. This
trail was approved by the ethics committee of the First A�liated Hospital, Zhejiang University School of Medicine. All authors had access to the study
data and reviewed and approved the �nal manuscript. Both the enrolled patients had informed consent for the procedure. All patients signed the written
informed consent form before CEUS examination.

A colour Doppler ultrasound diagnostic apparatus (GE company Voluson E8/Parkson company MyLab Class C) was used with a transvaginal probe
(frequency 5–9 MHz). All patients underwent TVS before CEUS. After emptying the bladder, the patient underwent TVS, and the sonographers focused
on observing and recording whether there were abnormal echos in the uterine cavity or myometrium and its relationship with surrounding tissues and
observing whether there was abnormal echos in bilateral appendages. Colour Doppler ultrasound image (CDFI) was started, the blood �ow distribution
in and around the lesion was recorded, and the resistance index was measured in all patients. Then, the best scanning section of the lesion (that is, the
section with the largest diameter of the lesion, which shows the tissue around the lesion to the greatest extent) was selected and switched to contrast
mode (contrast/general), which can display a double or single image interface, and the mechanical index (MI) was 0.08. The contrast agent used was
SonoVue. Intravenous channels were established before imaging, contrast media was prepared on site, and 5 ml of saline was added and shaken
vigorously to form a milky suspension. A total of 2.4 ml of contrast agent was injected into the anterior elbow vein, the timer was started at the same
time, images were continuously collected for 5 minutes in real time, and the dynamic image was stored on the hard drive of the instrument.

Subsequently, we retrospectively collected the clinical data of patients with ITTs diagnosed by surgery and pathology, including age, pregnancy history,
main clinical symptoms, type of previous pregnancy, time from diagnosis to the previous pregnancy, serum ß-human chorionic gonadotropin (ß-hCG)
level, whether there was distant metastasis, treatment plan, etc. At the same time, two sonographers who have worked for more than 5 years analysed
the characteristics of the ultrasound and CEUS. If the two opinions are inconsistent, a third doctor with the same quali�cations analysed the data to
resolve the dispute. Due to the small sample size, statistical analyses were not used.

Results
Clinical features

A total of 8 patients were diagnosed with ITT during the study, including 4 patients with PSTT and 4 patients with ETT. However, because the lesion was
located in the appendix area, only 1 patient with ETT was included; therefore, this patient was not included in the scope of this study (Table 1). The
average age of the patients was 31 years (26 to 44 years), the average pregnancy was 2.27 (1–4), and the parity was 0.91 (0–2). Among the patients
with PSTT, 2 patients were secondary to full-term pregnancy, 2 patients were secondary to miscarriage, of which 1 patient was diagnosed as CC for the
�rst time, 1 patient was diagnosed as biochemical pregnancy for the �rst time, and 1 patient was diagnosed as retained products of conception (RPOC).
Among the patients with an ETT, 1 patient was secondary to miscarriage, 2 patients were secondary to full-term pregnancy, and 1 patient was diagnosed
as uterine �broids for the �rst time. The average time from the time of diagnosis to the previous pregnancy was 40 months (2-240 months), and there
was one ETT patient who was diagnosed 20 years after the previous pregnancy. 6 patients had a history of menopause, 5 patients had irregular vaginal
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bleeding, and 1 patient was asymptomatic. The ß-hCG level of all patients was elevated, and the average ß-hCG level was 8167 IU/L (15.82-
55422.2 IU/L). Two patients with a distant metastasis had an ETT.

Table 1
Clinical features of ITTS

Case Age

(years)

First
diagnosis

Final
diagnosis

Antecedent

pregnancy

Interval
to

diagnosis
(months)

Amenorrhea Vaginal

bleeding

β-
hCG(IU/L)

Metastasis
site

treatment plan

1 28 CC PSTT Missed
abortion

13 + + 187.6   Total uterus + 
double
fallopian tube
resection;
Chemotherapy

2 26 Biochemical
pregnancy

PSTT Term
pregnancy

5 + + 170   Total uterus + 
double
fallopian tube
resection
;Chemotherapy

3 28 Early
pregnancy

PSTT Early
pregnancy
abortion

1 + + 1063   Total uterus + 
double
fallopian tube
resection;
Chemotherapy

4 39 RPOC PSTT Term
pregnancy

5 + + 15.82   Total uterus + 
double
fallopian tube
resection

5 29 GTN ETT Spontaneous
abortion

12 + + 257.4   Total uterus + 
double
fallopian tube
resection;
Chemotherapy

6 44 Uterine
�broids

ETT Term
pregnancy

240     55422.2 Right
ovary
bladder

Total uterus + 
double
attachment
resection;
Chemotherapy

7 28 Hydatid
mole

ETT Hydatid mole 6 +   53.2 Right lung Total uterus + 
double
attachment
resection;
Chemotherapy;

Right lower
lobectomy

Ultrasound imaging features

In the 7 patients in this study, the lesions were all located in the uterus (Table 2). According to the different growth directions of the lesion, the lesions
were divided into 3 types: type I, where most of the lesions protrude into the uterine cavity (2 patients); type II, where the lesions are partly located in the
uterine cavity and partly in the muscle layer (3 patients); and type III, where the lesions are limited in the myometrium (2 patients). The internal echo of
the lesion can be divided into solid and cystic-solid echos.
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Table 2
Imaging features of ITTS

Case Grayscale ultrasound Lesion

type

CDFI CEUS

1
PSTT

Solid mass at the bottom of the uterine cavity, most of
which protrude into the uterine cavity (2.2*2.3*2.2cm),
unclear boundary

moderate
blood
�ow
signals

RI:0.45

Rapid diffuse enhancement of arterial phase, the peak
intensity is signi�cantly higher than myometrium, clear
boundary

2

PSTT

Local echoes of the posterior wall of the myometrium
are enhanced, and some protrude into the uterine
cavity, unclear boundary (1.6*1.2*1.4cm)

moderate
blood
�ow
signals

RI:0.55

Slow regional enhancement of arterial phase,

The peak is equal to the myometrium, unclear boundary

3

PSTT

Solid mass in the uterine cavity with unclear
boundary(1.7*1.0*0.7cm)

minimal
blood
�ow
signals
RI:0.53

Slow regional enhancement of arterial phase, the peak is
slightly higher than the myometrium, unclear boundary

4

PSTT

The myometrium of the right side wall has uneven
echo, partially fuller, and some protruding into the
uterine cavity (4.0*4.3*5.3cm), unclear boundary

minimal
blood
�ow
signals
RI:0.5

Slow diffuse enhancement of arterial phase, the peak is
slightly higher than the myometrium, unclear boundary

5

ETT

Cystic solid mass on the posterior wall of the
myometrium with clear boundary (1.8*1.7*1.8cm)

abundant
blood
�ow
signals

RI:0.53

The solid part shows slow regional enhancement in the
arterial phase, the peak is slightly higher than the
myometrium, unclear boundary, no enhancement of
cystic part

6

ETT

Cystic solid mass of anterior myometrium with clear
boundary, local compression of the uterine cavity
(3.5*2.4*3.3cm)

moderate
blood
�ow
signals

RI:0.54

The solid part shows a slow regional enhancement in the
arterial phase ,the peak is slightly higher than the
myometrium, unclear boundary, no enhancement of
cystic part

7

ETT

Solid mass of posterior wall of myometrium, with clear
boundary, partial protrusion into the uterine cavity
(2.3*1.9*2.8cm)

moderate
blood
�ow
signals

RI:0.52

Slow regional enhancement of arterial phase, The peak is
equal-slightly higher to the myometrium ,unclear
boundary

The 4 patients with a PSTT all had a single lesion in the uterus, and the lesion diameter of 1.2–5.3 cm, with an average of 2.8 cm. Grey-scale ultrasound
showed 2 patients with a type I lesion and 2 patients with a type II lesion, both of which were heterogeneous solid masses. The boundary between the
lesion and the myometrium was not clear, and the spheroid formation was not obvious (Fig. 1). CDFI showed minimal blood �ow signals in 2 patients
and moderate blood �ow signals in 2 patients (Fig. 2). The resistance index was 0.45–0.55, with an average of 0.5. The lesions in 3 patients with an
ETT were all single lesions in the uterus; the diameter of the lesions was 1.7–3.3 cm, and the average was 2.4 cm. Grey-scale ultrasound showed type III
lesions in 2 patients and a type II lesion in 1 patient. 2 patients with a cystic-solid echo and 1 patient with a solid isoechoic echo were observed. The
boundary of the lesion was clearer, and the spheroid formation was more obvious in ETT than in PSTT (Fig. 1). CDFI showed 1 patient with a lesion with
abundant blood �ow signals and 2 patients with a lesion with moderate blood �ow signals (Fig. 2).

CEUS perfusion characteristics

All 7 patients underwent transvaginal CEUS examination (Table 2). The contrast enhancement mode of the lesion is divided into a diffuse enhancement
type (all the lesion area was enhanced or the internal nonenhanced area was cracked) and a regional enhancement type (part of the lesion was
enhanced, and the internal nonenhanced area was patchy). The contrast enhancement boundary was divided into clear and unclear. The enhancement
intensity was divided into high enhancement and equal-slightly high enhancement. Contrast enhancement time was divided into arterial phase rapid
enhancement and slow enhancement.

Of the 7 patients with ITTs with CEUS, 2 patients showed diffuse enhancement, and 5 patients showed regional enhancement. One patient had a rapid
high enhancement in the arterial phase and 6 patients had a slow, equal-slightly high enhancement. One patient had an enhanced clear boundary, and 6
patients had a less clear boundary (Fig. 3). In general, there were no signi�cant differences in CEUS between PSTTs and ETTs.

Discussion
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In 1984, Young and Scully [16] studied and summarized 22 patients with GTN reported worldwide. Kurman [17] con�rmed by immunohistochemistry that
PSTT originated from intermediate trophoblasts. In 1998, Shih and Kurman [18] proposed the name ETT for an ITT with alternative histological and
immunohistochemical characteristics. In 2003, the WHO classi�cation of ETT as a single morphological tumour composed of intermediate trophoblast
cells that are very similar to smooth chorion [19]. In 2014, the WHO classi�cation of gynaecological tumours classi�ed GTN into CC, PSTT and ETT
subtypes, and the latter two are collectively referred to as an ITT. As ITTs are relatively highly differentiated and are not sensitive to conventional
chemotherapy regimens, surgical resection is the main treatment option, and early detection is essential for clinical treatment and improving prognosis.

ITTs mainly occur in women of childbearing age and can be secondary to a variety of pregnancy outcomes, such as miscarriage, full-term birth, ectopic
pregnancy or molar pregnancy. Similar results were observed in this group of patients. It has been reported in the literature [20] that ETTs in the cervical
region are often misdiagnosed as cervical cancer, while ETTs in the uterine body can be misdiagnosed as uterine �broids or other pregnancy-related
diseases, such as ectopic pregnancy and CC. In this group of patients, 1 patient with PSTT was diagnosed with CC for the �rst time, and 1 patient with
ETT was diagnosed with uterine �broids for the �rst time. Because tumour cells secrete human placental lactogen, leading to hyperprolactinemia,
menopause and vaginal bleeding are seen in 71.3% and 35.2% of patients, respectively [21]. In this group of patients, 6 had menopause, and 5 had
vaginal bleeding. Compared with that of other GTNs, the serum ß-hCG level of ITT patients is generally low (< 1000–2500 IU/L), but there are still
approximately 10% of patients with normal ß-hCG levels, or a few patients with ß-hCG levels as high as 100000 IU/L. Therefore, there is no speci�c
performance of ß-hCG levels [21]. In this group of patients, there were 6 patients with ß-hCG levels < 1000–2500 IU/L, and the ß-hCG level of 1 patient
was 55422.2 IU/L. It has been reported that when a patient with ITT has a distant metastasis, the serum ß-hCG level is usually higher than that of
nonmetastatic patients [22]. However, in this study, the ß-hCG level of 1 patient with lung metastasis was not high (53.2 IU/L), and the ß-hCG level of the
other patient with ovarian and bladder metastases was signi�cantly high (55422.2 IU/L). Therefore, we believe that to determine whether the serum ß-
hCG level can be used as one of the indicators for monitoring ITT recurrence or metastasis, a large sample data analysis is needed.

Due to the rare disease and lack of speci�c clinical manifestations, the preoperative diagnosis of ITT is very di�cult. The current clinical diagnosis of
ITT requires a comprehensive judgement based on the serum ß-hCG level, pathology and imaging. Among them, imaging diagnosis has important
value. Since the tissue composition in ITT lesions is not speci�c, computed tomography and magnetic resonance imaging are not very helpful in the
differential diagnosis of ITT [23]. Transvaginal colour Doppler ultrasound can make a preliminary assessment of the size, location, myometrium
invasion, relationship with surrounding tissues, and blood supply of the lesion. However, this technology has a poor ability to show low-velocity blood
�ow and has a certain angle dependence, which cannot meet the requirements for imaging tumour neovascularization. It is di�cult to make further
diagnoses for lesions that are unclear from the surrounding normal tissues and limited CDFI blood �ow signals. CEUS is currently the latest method to
display vascular perfusion. CEUS evaluates the pathological basis of intra-tumour blood perfusion based on ultrasound contrast agents that can well
display the distribution of microcirculation in the tumour and re�ect the abundance of new blood vessels inside the tumour. CEUS can signi�cantly
improve the ability to display small blood vessels and low-speed blood �ow in tumours. However, the application of CEUS in diagnosing ITT has not yet
been reported.

The tumour cells proliferate abnormally and in�ltrate the decidua and myometrium of the placenta, forming mass-like nodules in the uterine cavity or
myometrium. At the same time, some tumour cells can also erode the blood vessels of the myometrium, causing changes in vascular architecture and
forming local vasodilatation or arteriovenous �stulas, so it is possible to �nd suspicious lesions through ultrasound examination. PSTT cells separate
each muscle cell or a group of muscle cells, in�ltrate these cells, and often involve the endometrium. ETT is generally in the form of swelling nodules
with clear boundaries, and some of them may also in�ltrate. The tumour cells are adjacent to cellulose, transparent glass-like material and necrotic
areas, forming a typical "map-like" appearance, and can replace the cervix membrane [24]. PSTT is more prone to vascular in�ltration than ETT, but
extensive necrosis is usually present in ETT. In this group of cases, we found that PSTTs all originated from the myometrium. At the same time, most of
the lesions are not clearly demarcated from the surrounding tissues, and there is no obvious spheroid formation. This ultrasound feature is also
consistent with the pathological changes in PSTT tumour cells showing in�ltration. Although PSTT vascular in�ltration is more common than ETT, it is
different from invasive hydatidiform mole or CC with extensive erosion of blood vessels. Approximately 1/2 of PSTT presents as solid hypoechoic or
isoechoic lesions, and most of the blood �ow signals are minimal or moderate. The PSTT in this group of cases is basically consistent. When PSTT
lesions show cystic or cyst-solid echo, CDFI shows abundant blood �ow signals or explores the blood �ow spectrum of arteriovenous �stula, which is
often related to the expansion of blood vessels in the lesion and even the formation of arteriovenous �stula. Zhou et al. [12] reviewed 14 cases of PSTT
ultrasound images and divided them into 3 types. Among them, cystic lesions in the myometrium with abundant blood �ow signals were classi�ed as
type III. They believed that this type of manifestation is di�cult to distinguish from invasive hydatidiform mole, CC, and even RPOC. In this study, 2
cases of ETT were located in the myometrium, and 1 case partially protruded into the uterine cavity. Two cases showed cystic solid masses, and 1 case
showed solid masses. The boundary of the lesion was clearer, and the spheroid formation was more obvious in ETT than in PSTT. This feature was
closely related to the swelling growth pattern of tumour cells. CDFI showed moderate or abundant blood �ow signals in 3 ETTs. QIN et al. [14]

retrospectively analysed the ultrasound images of 12 patients with ETT and concluded that compared with other GTDs, there are more new blood
vessels around the tumour than in the area within the tumour. Therefore, CDFI showed abundant Doppler around the lesion. Blood �ow signals are a
strong basis for distinguishing ETTs from other GTDs. However, some studies believe that not all ETTs have a blood �ow that is characteristic, and a
small number of ETTs can also manifest with minimal blood �ow signals [13]. In this study, ETT blood �ow signal performance did not re�ect this
feature, and the overall performance was not signi�cantly different from that of PSTT.
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The trophoblasts of normal early pregnancy and benign trophoblastic tumours erode only the blood vessels of the endometrium and will not cause
changes in the vascular architecture of the myometrium. This feature is the pathological basis for the observation of uterine blood �ow status and
circulatory dynamics changes by CEUS and the diagnosis of benign and malignant trophoblastic diseases [25]. In CEUS, ultrasound contrast agent
microbubbles can enter the myometrial blood vessels from the myometrium into the abnormal sinusoids formed by the destruction of trophoblast cells
or the new blood vessels formed by the replacement of vascular endothelial cells by trophoblasts. Since there is no report on CEUS for diagnosing ITT,
this study refers to the classi�cation of CEUS imaging of liver, thyroid, and breast, combined with the pathological characteristics of ITT, and observed
the lesions from four aspects: enhancement mode, enhancement boundary, enhancement time and enhancement intensity. The CEUS mode of the
lesion was divided into the diffuse enhancement type and regional enhancement type.

In this study, there were 5 patients with ITT with regional enhancement and 2 patients with diffuse enhancement. Regional enhancement was more
common in patients with ETT. The reason may be that the contrast medium microbubbles enter into the abnormal blood sinus or neovascularization of
myometrium and then develop rapidly, showing diffuse enhancement, while the different blood vessels, necrotic tissue proportions and necrotic sites in
the tumour show different enhancement modes. PSTT tumour-in�ltrating blood vessels are more common, while ETT tumour blood vessels invade less,
and small blood vessels can be seen in the lesion, but ETT is more prone to extensive necrosis. Both contrast enhancement modes and their
pathological characteristics are basically the same.

In this study, 1 patient had arterial phase rapid high enhancement (PSTT) with clear boundaries, and the remaining 6 patients had a slow and equal-
slightly high enhancement with poor boundaries. Tumour cells invade blood vessels and change their structure. When the number of blood vessels in
the lesion increases or larger sinusoids form, the resistance of the vascular bed decreases, and contrast agent microbubbles can quickly enter the lesion,
showing rapid high enhancement. At the same time, because of the microbubbles in the lesion area earlier than the myometrium, the lesion area is
almost fully enhanced before the myometrium. There is a signi�cant difference between the two, which is also the reason for the clearness of the lesion
boundary after angiography. Although PSTT cells in�ltrate blood vessels more frequently, it is different from the extensive erosion of blood vessels by
an aggressive hydatidiform mole or CC. The characteristic of PSTT in�ltration is that tumour cells separate each smooth muscle �bre or several groups
of muscle �bres, and single, cord, island or sheet tumour cell in�ltration can be seen between muscle �bre bundles, so more than half of PSTTs are solid
hypoechoic or isoechoic lesions with minimal or moderate blood �ow signals. ETT cells resemble islands and are located in vitreous and necrotic
tissues. Small blood vessels can be seen in the lesion, but vascular in�ltration is rare. In this study, CEUS of ITTs mainly focused on the slow arterial
phase and equal-slightly high enhancement. The reason may be that although ITT cells invade blood vessels and change their structure, due to their
pathological in�ltration characteristics, the number of new blood vessels formed in the lesions or the size of blood sinuses are far less than those of
other GTNs, resulting in an insigni�cant reduction in the vascular bed resistance, and contrast agent in microvesicles cannot enter the lesion quickly. In
this group of patients, except for 1 patient with rapid and high enhancement of PSTT, the blood �ow RI of the lesion was 0.45, and the blood �ow RI of
the other 6 lesions were all higher than 0.5, which was basically consistent with the performance of CEUS. This can also explain why the grey-scale
ultrasound appearance of PSTTs and ETTs is basically the same as the growth pattern of tumour cells, but most of the lesion boundaries in CEUS are
not clear.

As the rarest GTN, ITT usually has low ß-hCG immune activity in serum, so it needs to be distinguished from other types of GTNs, such as early CC, and
nontrophoblastic tumours that can secrete a small amount of ß-hCG, such as RPOC. According to previous reports [26], CEUS of the CC showed no
enhancement in the central area and rapid and high-enhanced ring-shaped enhancement around the periphery. Invasive hydatidiform mole lesions
showed reticular enhancement. CEUS of RPOC was mainly enhanced in the region, but there were many blood clots inside the lesion, and the area
without enhancement was more than 1/2 of the area of the lesion.

Conclusions
In this study, we found that the lesion location, size, and echo of ITTs were not signi�cantly speci�c compared with those of other GTNs. ITTs appear as
solid masses or cystic-solid masses, and CDFIs show that the blood �ow signal can appear from minimal to abundant. Therefore, it is very di�cult to
diagnose ITTs by colour Doppler ultrasound alone. We found that the ITT enhancement mode was mainly a regional enhancement, and the arterial
phase showed slow, equal-slightly high enhancement. We believe that the CEUS performance of ITTs has a certain speci�city, which can effectively
improve the accuracy of diagnosing ITTs.

This research is a retrospective analysis. The sample size is small, which has a certain impact on the research design. The accuracy of the research
results needs to be further veri�ed by increasing the sample size. During the study, we observed that the venous phase of the lesion subsides more
slowly than the myometrium. However, due to the short delay phase of the existing contrast agent (SonoVue), the lesion can hardly be displayed
approximately 5 minutes after the injection of the contrast agent. Therefore, there is no complete observation or study of the contrast intravenous phase
of the lesion. In future research, we plan to use a contrast agent (Sonazoid) with a delay phase of up to 30 minutes for the ultralong development. We
also plan to carry out a multicentre collaborative research study to increase the sample size and look forward to having a deeper understanding of the
CEUS characteristics of ITTs.
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Figures

Figure 1

A. PSTT-Most of the solid masses protrude into the uterine cavity and the boundary is not clear. B. PSTT-The solid mass is located in the myometrium,
the boundary is not clear.C. ETT-The cystic-solid mass is located in the myometrium, the boundary is clear.

Figure 2

A. PSTT-The solid mass with moderate blood �ow signal. B.PSTT-The solid mass with minimal blood �ow signal. C.ETT-The cystic-solid mass with
abundant blood �ow signal.
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Figure 3

A.PSTT-A rapid high enhancement in arterial phase,the contrast enhancement mode is diffuse enhancement and the boundary clear. B.PSTT-A
slow,equal-slightly high enhancement in arterial phase.The contrast enhancement mode is diffuse enhancement and the boundary is unclear. C. ETT-A
slow,equal-slightly high enhancement in arterial phase. The contrast enhancement mode is regional enhancement and the boundary is unclear.


