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Background: Our study sought to obtain data which assess the diagnostic value of transvaginal three-
dimensional ultrasound (3D-US) combined with color Doppler ultrasound (US) for early cesarean scar 
pregnancy (CSP). 
Methods: All participants were randomly divided into a Control group diagnosed using 3D-US and a 
Combination group diagnosed using 3D-US combined with color Doppler US. The preoperative US results 
were compared with postoperative pathological results. The diagnostic coincidence rate, sensitivity, and 
specificity of these two examination methods were compared, and their diagnostic results for different types 
of CSP were analyzed. Finally, the diagnostic effects of both methods were compared and analyzed, and the 
imaging of CSP was summarized. 
Results: The diagnostic accuracy of transvaginal 3D-US combined with color Doppler US (92.96%) was 
significantly higher than that of transvaginal 3D-US (71.83%). For different types of CSP, the diagnostic rate 
of CSP with mixed echogenic mass and partial implantation of gestational sac in the Combination group was 
markedly higher than that in the Control group. 
Conclusions: Additionally, the sensitivity, specificity, and area under the receiver operating characteristic 
(ROC) curve (AUC) in the Combination group were higher than those in the Control group. Transvaginal 
3D-US combined with color Doppler US can improve the sensitivity, specificity, and accuracy of diagnosis of 
early CSP, and has important reference value for clinical condition evaluation and treatment options. 
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Introduction 

Cesarean scar pregnancy (CSP) is a rare form of ectopic 
pregnancy, which is one of the long-term complications 
of cesarean section. It is generally accepted that fertilized 
eggs and embryos implanted in the scar caused by a prior 
cesarean section will be surrounded by myometrium and 
fibrous tissue, thus resulting in CSP (1-4). This is a disease 
without specific clinical symptoms in the early stage of 
pregnancy. With the progression of pregnancy, the villi 
continue to adhere and implant into the myometrium, 
which contributes to the increased risk of uterine rupture, 
massive hemorrhage, and even life-threatening situation (5). 
Therefore, early diagnosis and effective treatment are vital 
for the management of this disease. 

Vial et al. (6) concluded that there are two types of CSP, 
endogenic and exogenic (6). The endogenic type involves 
progression of gestational tissue to the scar, uterine cavity, 
or uterine isthmus but with shallow depth of implantation 
into the myometrium. The exogenic type involves 
attachment of the gestational sac to the area around the scar, 
and trophoblast cells invade deeply into the lower uterine 
segment or even into the bladder. However, Xiang (7)  
asserted that it is more appropriate to classify CSP into 
three types, including the above two types, and another 
subtype of CSP with mixed echogenic mass. The last 
subtype is often misdiagnosed as trophoblastic tumor and is 
mainly characterized by mixed echogenic mass in the lower 
uterine segment. In this study, in order to diagnose CSP 
more accurately, we divided CSP into the following three 
types: CSP with partial implantation of the gestational sac, 
CSP with complete implantation of the gestational sac, and 
CSP with mixed echogenic mass. 

With the development of science and technology and 
the increased attention of obstetricians and gynecologists 
to CSP, its early diagnosis rate is increasing (8). Imaging 
examination is currently the main way to diagnose CSP, 
including two-dimensional ultrasound (2D-US), three-
dimensional ultrasound (3D-US), contrast-enhanced 
ultrasound (CEUS), and magnetic resonance imaging 
(MRI) (9). Among them, 3D-US has become an important 
examination method for the diagnosis of CSP due 
to its simplicity, convenience, lack of radiation, high 
reproducibility, and good visualization. According to 
statistics, by comparison with transabdominal ultrasound 
(US), the probe of transvaginal US has a high frequency 
and can be in close contact with pelvic organs. Transvaginal 
3D-US with continuous, multiplanar, and multi-angle 

observation of CSP can make up for the lack of transvaginal 
2D-US imaging in diagnosis of early CSP, thus obtaining a 
clearer image. This technique can clearly show the patient’s 
uterine adnexa to assess the condition of pregnancy, giving 
it a high diagnostic value (10-12). With the development 
and maturation of the related technologies in recent years, 
transvaginal 3D-US has been increasingly introduced to the 
diagnosis of early CSP (13,14). However, by comparison 
with transvaginal 3D-US, transvaginal 3D color Doppler 
US can show the source, shape, and distribution density 
of blood flow in gestational tissue. The latter can more 
comprehensively visualize the situation of CSP to improve 
the diagnostic accuracy of early CSP, so it has critical 
reference value for clinical condition evaluation and 
treatment options. 

Therefore, we selected patients with suspected CSP 
admitted to our hospital as the study participants to 
compare the diagnostic effects of transvaginal 3D-US alone 
and transvaginal 3D-US combined with color Doppler 
US. Through this comparison, the diagnostic value of 
transvaginal 3D-US combined with color Doppler US for 
CSP was probed, aiming to improve the diagnostic accuracy 
as well as clinical evaluation and treatment of CSP. We 
present the following article in accordance with the STARD 
reporting checklist (available at https://dx.doi.org/10.21037/
apm-21-2208).

Methods 

Baseline data

A total of 142 suspected CSP patients initially diagnosed 
in our hospital from January 2017 to December 2019 were 
collected as the study participants. All participants were 
randomly divided into a Control group (n=71) diagnosed 
by 3D-US and a Combination group (n=71) diagnosed by 
3D-US combined with color Doppler US. This study was 
approved by the Medical Ethics Committee of Maternal 
and Child Healthcare Hospital Hubei (2021-IEC-
LW004). All procedures performed in this study involving 
human participants were conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). Informed 
consent was provided by all patients and their families.

Screening criteria 

The inclusion criteria were as follows: (I) initially diagnosed 
as suspected CSP; (II) age >24 years; (III) previous history of 
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cesarean section; (IV) pregnancy week ≤12, positive results 
of beta-human chorionic gonadotropin (β-HCG) in blood 
or urine; (V) with absence of menstruation, abdominal pain, 
vaginal bleeding; (VI) patients with normal mental health 
status who were willing to cooperate with this trial. 

The exclusion criteria were as follows: (I) recent history 
of antibiotic or immunosuppressant use; (II) dysfunction 
or severe infection of heart, lung, liver, or kidneys; (III) 
malignant tumors; (IV) comorbidities of uterine fibroids, 
uterine adenomyosis, ovarian lesions; (V) previous history 
of major gynecological surgery; (VI) patients who could not 
cooperate with this trial; (VII) incomplete clinical data. 

Transvaginal ultrasound 

We used GE Voluson E8 real-time three-dimensional 
color Doppler ultrasound machine and LOGIC E9 
ultrasound machine (GE Healthcare, Chicago, IL, USA) 
with an endocavity probe at a frequency of 5–9 MHz. 
After emptying their bladder, the participant assumed 
the lithotomy position. The probe was covered with a 
condom and slowly inserted into their vagina. Subsequently, 
the uterus, adnexa, and pelvic cavity were scanned. The 
following conditions were observed: distance between 
the gestational sac and the uterine incision, echo of 
myometrium around the incision, size and shape of the 
gestational sac, presence or absence of yolk sac or embryo, 
fetal heartbeat, blood flow and its resistance around the 
gestational sac, and the thickness of the scar. After that, 3D 
ultrasonic scanning mode was turned on, and the probe was 
moved to the center position of the region of interest. The 
scanning angle and sampling volume were adjusted to locate 
this region and then tomography imaging was performed. 
The X, Y, and Z axes were adjusted to obtain satisfactory 
images. These images were used for diagnostic analysis.

Evaluation of CSP 

The assessment of CSP uterine scar was performed by 
two experienced sonographers, and any differences in the 
opinions were resolved by discussion to reach consensus. 
The diagnostic criteria were as follows: (I) no gestational 
sac in the uterine cavity and cervical canal; (II) gestational 
sac located at the cesarean scar in the lower uterine segment 
or located in the anterior wall of the uterine isthmus; (III) 
scar fissure, and interrupted or thinned myometrium of the 
anterior wall of the uterus in the lower uterine segment 
between the gestational sac and the bladder; (IV) positive 

results of the “organ sliding sign”, that is, when the 
gestational sac was gently pressed with an US probe, the 
sac could slide into the cervical canal; (V) the Doppler US 
showed the annular blood flow signal around the gestational 
sac, and the pulsed Doppler showed the pulsatility index <1, 
and the peak velocity >20 cm/s. 

Statistical analysis 

Using the software SPSS 21.0 (IBM Corp., Armonk, NY, 
USA), the chi-square test was carried out with outcomes of 
enumeration data expressed as cases (%). Receiver operating 
characteristic (ROC) curves were plotted to calculate the 
area under the curves (AUC). A significant difference was 
suggested if P<0.05. 

Results 

Baseline characteristics

A total of 142 patients with suspected CSP were included in 
the study (Control: n=71; Combination: n=71). No marked 
differences were found in age, number of cesarean sections, 
time since the last cesarean section, date of last menstrual 
period, and content of serum β-HCG between the two 
groups (Table 1). 

Comparison of transvaginal 3D-US and 3D-US combined 
with color Doppler in the diagnosis of CSP 

A total of 45 non-CSP patients and 97 CSP patients were 
confirmed by surgical and pathological examinations. 
Among them, there were 9 cases of CSP with mixed 
echogenic mass, 62 cases of CSP with partial implantation 
of gestational sac, and 26 cases of CSP with complete 
implantation of gestational sac type. By comparison with 
the above examination results, 35 were true positive, 13 
were false positive, 16 were true negative, and 7 were false 
negative in the Control group, while 45 cases were true 
positive, 4 cases were false positive, 21 cases were true 
negative, and 1 case was false negative in the Combination 
group (Table 2). It could be seen that 3D-US combined 
with color Doppler significantly increased the number 
of true positive and negative cases while decreasing the 
number of false positive and negative cases. According to 
further comparison of the diagnostic effect on CSP, the 
Combination group had higher accuracy, sensitivity, and 
specificity, which meant a higher diagnostic coincidence 
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rate and a lower misdiagnosis rate (Table 3). 

Comparison of transvaginal 3D-US and 3D-US combined 
with color Doppler in the diagnosis of different types of CSP 

The diagnostic effects of the two examination methods 
were further compared in different types of CSP (Table 4). 
For CSP with mixed echogenic mass, the Control group 
confirmed 1 case (33.3%), misdiagnosed 2 cases, and found 
0 suspected case, while the Combination group confirmed 4 
cases (80%), misdiagnosed 1 case, and found 0 suspected case. 
For CSP with partial implantation of gestational sac, the 
Control group confirmed 20 cases (74.1%), misdiagnosed 5 
cases, and found 2 suspected cases, while the Combination 
confirmed 26 cases (89.7%), misdiagnosed 1 case, and found 
2 suspected cases. For CSP with complete implantation of 

gestational sac, the Control group confirmed 7 cases (58.3%), 
misdiagnosed 3 cases, and found 2 suspected cases, while the 
Combination confirmed 12 cases (100%), misdiagnosed 0 
cases, and found 0 suspected case.

Collectively, by comparison with the Control group, the 
Combination group had higher accuracy and diagnostic 
coincidence rate and lower misdiagnosis rate in the 
diagnosis of different CSP subtypes.

Comparison of the diagnostic value of transvaginal 3D-US 
and 3D-US combined with color Doppler in CSP 

In the diagnosis of CSP, the AUC of the Combination 
group was larger than that of the Control group (Figure 1A),  
suggesting that 3D-US combined with color Doppler was 
more valuable for diagnosing CSP. In the diagnosis of 

Table 1 Baseline characteristics

Characteristics Control Combination T/z P value 

Age (years) 27.85±2.9357 28.61±2.345 1.704 0.0905 

Number of cesarean sections 1.13±0.34 1.15±0.36 0.3403 0.7341 

Time since the last cesarean section (year) 4.915±1.873 5.014±1.478 0.3496 0.7271 

Duration of amenorrhea (day) 49.94±7.991 48.18±5.574 1.522 0.1302 

Serum β-HCG 20,486.62±2,964.306 21,174.08±2,843.362 1.41 0.1607 

Table 2 Results of 3D-US and 3D-US combined with color Doppler in the diagnosis of CSP

Examination method
Control Combination 

CSP Non-CSP CSP Non-CSP 

Pathological examination

CSP 35 13 45 4 

Non-CSP 7 16 1 21 

Total 42 29 46 25 

CSP, cesarean scar pregnancy; 3D-US, three-dimensional ultrasound.

Table 3 Comparison of diagnostic effects of transvaginal 3D-US and 3D-US combined with color Doppler in 142 cases (%) 

Examination method Accuracy Sensitivity Specificity Missed diagnosis rate Misdiagnosis rate 

Control 71.83 (51/71) 72.92 (35/48) 69.57 (16/23) 27.08 (13/48) 30.43 (7/23) 

Combination 92.96 (66/71) 91.84 (45/49) 95.45 (21/22) 8.16 (4/49) 4.55 (1/22) 

χ2 3.135 6.005 5.156 6.005 5.156 

P value 0.0017 0.0143 0.0232 0.0143 0.0232 

3D-US, three-dimensional ultrasound.
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Table 4 Comparison of transvaginal 3D-US and 3D-US combined with color Doppler in the diagnosis of different types of CSP

Control group Combination group

Suspected Misdiagnosed Confirmed, n (%) Suspected Misdiagnosis Confirmed, n (%)

CSP with mixed echogenic mass 0 2 1 (33.3) 0 1 4 (80.0) 

CSP with partial implantation of gestational sac 2 5 20 (74.1) 2 1 26 (89.7) 

CSP with complete implantation of gestational sac 2 3 7 (58.3) 0 0 12 (100.0) 

CSP, cesarean scar pregnancy; 3D-US, three-dimensional ultrasound.

Figure 1 ROC curves of 3D-US combined with color Doppler and 3D-US for diagnosing CSP. ROC curves of 3D-US combined with 
color Doppler and 3D-US for diagnosing cesarean scar pregnancy (CSP) (A) and the different types of CSP (B). ROC, receiver operating 
characteristic; 3D-US, three-dimensional ultrasound; CSP, cesarean scar pregnancy.

different types of CSP, the AUC of the Combination group 
was also larger than that of the Control group (Figure 1B), 
indicating that 3D-US combined with color Doppler was 
more valuable when diagnostically distinguishing different 
types of CSP.

Typical cases 

CSP with mixed echogenic mass
The uterus was of normal size or slightly enlarged, with 
thickened endometrium. The US examination revealed 
gestational sac-like echo in the uterine cavity and cervical 
canal. Heterogeneous mass was observed in the lower 
uterine segment, with nonuniform internal echo and the 
coexistence of solid and liquid. The mass protruded to 
the serosal layer, and the thickness of the attachment of 
the mass to the myometrium of the anterior wall became 
thinner (all <5 mm) (Figure 2). 

CSP with partial implantation of gestational sac
The uterus was of normal size or slightly enlarged. Most of 

the gestational sac was located in the uterine cavity, while a 
small part was located in the lower uterine segment deep to 
the scar. See Figure 3.

CSP with complete implantation of gestational sac
The uterus was of normal size or slightly enlarged. The US 
examination revealed no gestational sac-like echo in the 
uterine cavity and endocervical canal. The gestational sac-
like echo was observed in the scar on the anterior wall of 
lower uterine segment, which was round or oval in shape, 
and yolk sac, embryo, and fetal heartbeat were validated 
(Figure 4).

Discussion 

In 1978, Larsen first reported and defined CSP (15). In 
recent years, with the implementation of the 2-child policy 
and the increase of cesarean section, the incidence of CSP 
has been increasing yearly in China. In 2003, Jurkovic 
proposed that among all pregnant women, its incidence 
was approximately 5.6 per 10,000 (16). In 2011, the Peking 
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Figure 2 2D-US imaging and Doppler flow imaging of the CSP patient with mixed echogenic mass. 2D-US, two-dimensional ultrasound; 
CSP, cesarean scar pregnancy.

Figure 3 2D-US imaging and Doppler flow imaging of a CSP patient with partial implantation of gestational sac. 2D-US, two-dimensional 
ultrasound; CSP, cesarean scar pregnancy.

Figure 4 2D-US imaging and Doppler flow imaging of the CSP patient with complete implantation of gestational sac. 2D-US, two-
dimensional ultrasound; CSP, cesarean scar pregnancy.

Union Medical College Hospital reported that its incidence 
had elevated to 1 in 1,368 (17), which was higher than in 
previous reports. In 2014, Jurkovic stated that the incidence 
of CSP was 0.5/1,000, and estimated that there was 1 case 

of CSP per 400 pregnancies in the United Kingdom (18). 
The pathogenesis of CSP has not been clarified. It 

is currently believed that the cause of CSP is fissure of 
the myometrium in the scar. During cesarean section 
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or invasive intrauterine operation, the basal layer and 
myometrium of the uterus are destroyed and their 
continuity is interrupted, which affects blood supply in the 
myometrium. Then, during the healing process, an atrophy 
or fissure is formed between the destroyed myometrium 
and the endometrium (19-21). When the gestational tissue 
implants in or around the fissure, trophoblasts gradually 
invade the basal layer or even myometrium, and then the 
gestational tissue is surrounded by myometrium and fibrous 
tissue in the lower uterine segment to form CSP (22). In 
the study by Zhang et al. (23), pathological examination of 
the scar on the anterior wall of the lower uterine segment 
in 23 cases of CSP revealed a reduced connection of 
smooth muscle cells and fissures and implantation of the 
villi between the myometrium. This study indicated that 
the presence of fissures in the scar may be the main cause 
of CSP. The myometrium and the fissures in the scar are 
thin and poorly elastic. Therefore, with the continuous 
growth of the gestational sac implanted in the scar, the 
placenta is also locally implanted, causing uterine rupture, 
and even the bladder is penetrated, which induces massive 
hemorrhage (24). As a rare disease, it is difficult to carry out 
research on CSP, which has led to a lack of understanding 
of its pathogenesis (18). Therefore, early diagnosis and 
appropriate treatment or early termination of pregnancy are 
essential for CSP patients. 

The diagnosis of CSP needs to be combined with the 
patient’s history, clinical manifestations, and imaging 
examination (including transabdominal US, transvaginal 
US, and MRI) (25). In transvaginal US, the US probe can 
get close to the vaginal fornix and cervix, and can closely 
observe the uterine adnexa. Transvaginal US imaging is 
not obscured by the abdominal wall and intestinal gas, and 
has a higher resolution. It has the advantages of observing 
the echogenic structure, blood flow, and muscle wall 
thickness of CSP by comparison with transabdominal US 
(26-28). Transvaginal 3D-US is based on the X axis of 2D 
ultrasound to obtain information of the Y and Z axes. Its 
imaging has good spatial localization, and can reconstruct 
the shape, size, and location of abnormal masses. It has 
specific advantages for the diagnosis of CSP, which can 
provide more detailed information of ectopic pregnancy and 
then improve the diagnostic effect of CSP. The 3D color 
flow imaging, including color and power Doppler imaging 
and vitreous imaging, can show the gestational tissue with 
good blood perfusion (different from the gestational tissue 
with lack of blood supply and inevitable abortion). This 
kind of imaging can further observe the source, shape, 

and distribution density of the gestational tissue, as well 
as the relationship between the gestational tissue and 
the myometrium of the anterior wall of the uterus, thus 
reflecting the depth of pregnancy implantation (29). 

In this study, in order to clarify the value and advantages 
of transvaginal 3D-US combined with color Doppler in 
the diagnosis of CSP, we compared its results with those 
of transvaginal 3D-US in the diagnosis of CSP. In the 
diagnosis of CSP, the coincidence rate of transvaginal 
3D-US was 71.83%, including 1 case of CSP with mixed 
echogenic mass, 20 cases of partial implantation of the 
gestational sac, and 7 cases of complete implantation of the 
gestational sac; while the coincidence rate of transvaginal 
3D-US combined with color Doppler was 92.96%, 
including 4 cases of CSP with mixed echogenic mass, 26 
cases of partial implantation of the gestational sac, and 
12 cases of complete implantation of the gestational sac. 
Our findings revealed that the application of transvaginal 
3D-US combined with color Doppler improved the early 
diagnosis of CSP, and its classification. Further analysis 
revealed that the Combination group had higher sensitivity, 
specificity, accuracy, diagnostic coincidence rate, and lower 
misdiagnosis rate in the diagnosis of CSP. Besides, its 
ROC curve showed that transvaginal 3D-US combined 
with color Doppler was more valuable in the diagnosis and 
classification of CSP. 

Transvaginal 3D-US can acquire the volume data to 
quickly and accurately obtain coronal section information of 
the region of interest (30). It can visualize the relationship 
between the gestational tissue mass and endometrium, 
and the uterine incision. In addition, it can also measure 
the distance between gestational tissue mass and the 
myometrium of the anterior wall in the lower uterine 
segment from multiple angles, thus effectively avoiding the 
missed diagnosis and misdiagnosis by 2D-US, and providing 
more effective information for clinical treatment options 
(31,32). Clinical studies have found that the US results of 
CSP are manifested as a normal or slightly enlarged uterus 
and thickened endometrium; if the gestational tissue is 
located at the incision in the lower uterine segment, the 
imaging is manifested as thinning of the myometrium of the 
anterior wall in the lower uterine segment, and a gestational 
sac or mass with abundant blood flow (18,33). To conclude, 
transvaginal 3D-US combined with color Doppler had 
a high diagnostic accuracy for the 3 types of CSP, which 
could comprehensively observe the condition of CSP. This 
technique can help clinicians to evaluate the condition and 
choose appropriate treatment strategies, thus reducing the 
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risk of complications. 

Conclusions

In the diagnosis of CSP, by comparison with 2D-US alone, 
3D-US combined with color Doppler can improve the 
sensitivity, specificity, accuracy, and diagnostic coincidence 
rate, while can reducing the misdiagnosis rate. It can more 
accurately diagnose the CSP classification. In addition, 
it can more comprehensively and accurately observe the 
condition of CSP. Therefore, based on its advantages, 
3D-US combined with color Doppler assists the clinical 
evaluation, diagnosis, and treatment of CSP. 
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