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Background: To evaluate the efficacy of transvaginal sonography
(TVS) in the management of cesarean scar pregnancy (CSP). Meth-
ods: In this retrospective study conducted at Beijing Friendship Hos-
pital of Capital Medical University, 142 CSP patients were collected
from January 2015 to September 2019. Patients were divided into two
groups, laparoscopy use group (Lap) and no laparoscopy use group
(non-Lap) determined by the use of laparoscopy. The ultrasound pa-
rameters analyzed between these groups included maximal diame-
ter of gestational sac, presence of fetal heartbeat, local myometrial
thickness and grading of color Doppler signals. Results: The maximal
diameter of gestational sac in the non-Lap and Lap groups was 2.330
± 0.930 cm and 2.883 ± 0.420 cm respectively, p = 0.007. Local my-
ometrial thickness was 0.25 (0.16) cm vs 0.16 (0.073) cm, p < 0.001.
A positive fetal heartbeat and a grade III color Doppler signals were
associated with the use of laparoscopy. Conclusions: TVS is beneficial
for the effective treatment of women with CSP.
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1. Introduction
Cesarean scar pregnancy (CSP) is defined as a peculiar and

rare ectopic pregnancy following a previous cesarean deliv-
ery (CD) with the implantation of the gestational sac in the
hysterotomy scar [1]. Within the last decades, CSP have be-
come increasing common for the increase of cesarean deliv-
eries. The current estimated incidence of CSP is 1 in 1688
pregnancies [2, 3]. Mothers with CSP are at increased risk
of massive hemorrhage, uterine rupture and maternal mor-
tality during pregnancy or at the time of surgical curettage
[4, 5]. Following the diagnosis, termination of pregnancy
is recommended to avoid severe complications. Dilatation
and curettage (D&C) and uterine artery embolization (UAE)
are common treatments for CSP to minimize the blood loss,
but massive bleeding and uterine rupture can still be encoun-
tered [6–8]. In some severe cases, laparoscopic local resec-
tion/hysterectomy (LLR/H) is required.

Early recognition and timely management are important
for optimization of therapy and improved CSP patient out-
comes. CSP is difficult to diagnose without the use of ultra-

sound, due to its atypical clinical signs and symptoms. La-
paroscopic excision of CSPs is associated with a success rate
of 97% and the combined use of laparoscopy and D&C de-
creases the risk of hemorrhage and hysterectomy [9].

Because the diagnosis of CSP relies on sonographic diag-
nostic criteria [10], a systematic method to classify the sever-
ity of CSP is needed [11].

In this study, we retrospectively analyzed 142CSP patients
in our hospital and divided them into two groups differenti-
ated by the use of laparoscopy. We compared different ul-
trasound parameters between the two groups in order to de-
termine whether the ultrasound examination could guide the
selection of the surgical approach and improve maternal out-
come.

2. Materials andmethods
2.1 Patient selection

We performed a retrospective analysis of CSP patients
using records from the Department of Ultrasound, Beijing
Friendship Hospital, Capital Medicine University (Beijing,
China) for the period between January 2015 and September
2019. During this 5-year interval, there were 142 CSP pa-
tients identified with ages ranging from 25 to 45 years (Me-
dian = 35, Interquartile range = 6). This study was approved
by the Ethics Committee of Beijing Friendship Hospital, who
deemed written informed consent was not necessary because
of the retrospective nature of the study and that all patient
data was de-identified.

All patients included in this study had confirmation of the
diagnosis of CSP according to the criteria published by Godin
et al. [12] which included: (1) a history of lower segment ce-
sarean section; (2) a positive serum β-HCG level; (3) no ges-
tational sac found in uterine cavity or cervical canal; (4) a ges-
tational sac embedded in the hysterotomy scar; (5) a myome-
trial defect (obviously thinner or even disappeared) between
the bladder and the gestational sac; (6) color Doppler ultra-
sound demonstrating blood flow surrounding the gestational
sac. Patients who had circulatory, respiratory, hematologi-
cal or other systemic diseases which potentially could seri-
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Table 1. Demographic comparison of CSP patients.
Group non-Lap Lap p-value

Case number 132 10

Agea 35 (6) 38 (7) 0.15

Gravidityb >0.9
<3 21 2
≥3 111 8

Parityc >0.99
<3 126 10
≥3 6 0

No. of CDsb 0.51
0–1 74 4
≥2 58 6

No. of curettagesc 0.055
0 47 1
1 52 3
≥2 33 6

Interval from last CD (month)a 55 (77) 46 (44) 0.32

Preoperative β-HCG (IU/L)a 60356 (84469) 51773 (147985) 0.92

Abbreviations: CD, cesarean delivery; β-HCG, beta-human chorionic gonadotropin;
Lap, laparoscopy use group; non-Lap, no laparoscopy use group.
aKruskal-Wallis test. bYates’s correction for continuity. cFisher exact test.

ously affect the treatment and outcome were excluded from
the study.

Treatment options of CSP included UAE, curettage with
ultrasound guidance, methotrexate (MTX), hysteroscopy
or laparoscopic local resection/hysterectomy (LLR/H). The
treatment flow at our institution is shown in Fig. 1.

UAE is a procedure in which an interventional radiologist
uses a catheter to deliver small absorbable particles to block
the uterine artery in order to decrease the risk of excessive
bleeding. MTX treatment was administered to the patients
who were in stable condition, gestational age <56 days and
serum β-HCG <5000 IU/L. MTX can be injected in to the
uterine artery during the UAE to heighten its therapeutic ef-
fect [13, 14].

Curettage under ultrasound guidance was performed in
the operating room in the out-patient departmentwith an ex-
perienced operator within three days after UAE. Blood prod-
ucts, Foley’s urinary catheter (18F), uterine packing gauze
and Pitocin were prepared prior to surgery in anticipation of
massive hemorrhage. Hysteroscopy was occasionally utilized
to check for residual tissue in the uterine cavity and to ob-
serve the cesarean scar. If uncontrollable bleeding occurred,
failure to remove the gestational tissue or evidence of uterine
rupture, laparoscopic local resection with uterine repair or
hysterectomy would be employed as a salvage measure. Dis-
charged patients were followed until the serum β-HCG re-
turned to normal and the gestational mass was undetectable
by ultrasonic examination.

The total number of patients whomet CSP diagnostic cri-
teria and treated with this approachwas 142 during these five

years of review. None of the CSP patients required a hys-
terectomy. According to the treatment difficulty level, these
patients were divided into two groups: the non-Lap group
(the patients who only required UAE and evacuation); the
Lap group (the patients with additional laparoscopic local re-
section and uterine repair following evacuation treatment).

Demographic information (maternal age, gravidity, par-
ity, # of CDs, # of curettages, interval from last CD), ultra-
sound parameters and clinical data (i.e., blood loss and serum
β-HCG levels) were recorded.

2.2 Ultrasound examination

TVS examinations were performed using a GE VOLU-
SON E8 imaging machine (General Electric Co., Fairfield,
CT, USA) or a Phillips iU22 imaging machine (Philips Elec-
tronicsNV, Eindhoven, Netherlands) by two experienced ob-
stetric ultrasound physicians. The parameters determined by
ultrasound were as follows: the location, size, and shape of
the gestational sac; the size of the uterus; the thickness of the
endometrium; adnexal area and pelvic cavity; myometrium
thickness in the incision region; and blood flow surround-
ing the gestational sac. With moderate bladder filling, the
maximum longitudinal diameter and anterior-posterior di-
ameter of the uterus were measured at a longitudinal section
of the uterus, and the maximum transverse diameter was at
the transverse section of the uterus. The average sac diame-
ter was equal to the average of the maximum longitudinal di-
ameter, anterior-posterior diameter and themaximum trans-
verse diameter. The thickness of the myometrial defect be-
tween the bladder and the gestational mass was also recorded
(Fig. 2). Blood flow signals were determined according to the
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Table 2. Ultrasound characteristics in comparison of CSP patients.
Group non-Lap Lap p-value

Gestational agea 50.5 (14) 47 (39) 0.45

Average diameter of gestational sac (cm)d 2.330± 0.930 2.883± 0.420 0.007

Fetal heartbeatb 0.026
Negative 81 2
Positive 51 8

Local myometrial thickness (cm)a 0.25 (0.16) 0.16 (0.073) <0.001

Grading of color Doppler signalsc 0.044
I 39 0
II 55 4
III 38 6

Abbreviations: Lap, laparoscopy use group; non-Lap, no laparoscopy use group.
aKruskal-Wallis test. bYates’ correction for continuity. cFisher exact test. dStudent’s t test.

Table 3. Therapeutic effect comparison of CSP patients.
Group non-Lap Lap p-value

Amount of bleeding (mL)a 20 (0) 50 (503) <0.001
The percentage of β-HCG decline one day after surgery(%)∗a 67.9% (15.4%) 68.4% (11.9%) 0.844

Abbreviations: β-HCG, beta-human chorionic gonadotropin; Lap, laparoscopy use group; non-Lap, no la-
paroscopy use group.
∗The percentage of β-HCG decline one day after surgery (%) = (the data of serum β-HCG before surgery – the
data of serum β-HCG one day after surgery)/the data of serum β-HCG before surgery.
aKruskal-Wallis test.

Fig. 1. The CSP treatment flow at Beijing Friendship Hospital. Judgment: uncontrollable bleeding, failed removal of enclosed mass or uterine rupture.
The dotted box implies that some patients may not receive this kind of procedure in the treatment flow.

International Ovarian Tumor Analysis (IOTA) scoring sys-
tem: I minimal flow detected; II moderate flow present; III
highly vascular with marked blood flow (Fig. 3) [15, 16].

All the data regarding ultrasound parameters included in
our research were collected at diagnosis before the treatment
of CSP.

2.3 Statistical analyses

Statistical analyses were performed with SPSS software
version 23.0 (SPSS Inc., Chicago, IL, USA). Statistical signif-
icance tests were two-tailed and accepted at p < 0.05. Data
on demographic characteristics of continuous data with non-
normal distribution were expressed as median (interquartile
range) and compared to continuous data with a non-normal
distribution byKruskal-Wallis test. Theχ2 tests (Yates’s cor-
rection for continuity or Fisher exact test) were employed
when categorical variables were compared.
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Fig. 2. Schematicmeasurementof the thickness ofmyometrial defect.

3. Results
According to treatment difficulty level, 132 (93.0%) pa-

tients were included in the non-Lap and 10 (7.0%) patients
in Lap. It should be emphasized that Lap patients not only
received the UAE and evacuation treatments but also the
laparoscopic local resection and uterine repair as a salvage
measure due to massive hemorrhage. Of the 10 cases in the
Lap group, 2 patients had uncontrollable bleeding, 8 patients
failed to remove the gestational tissue and had uterine rup-
ture. In the end, 3 patients underwent temporary ligation of
bilateral uterine arteries + folding and suture of inferior seg-
ment of uterus. 7 patients underwent wedge resection of the
lesion + uterus repair. The characteristics of the patients are
shown in Table 1. There was no statistically significant dif-
ference in the demographic characteristics between the two
groups including the patients’ age at diagnosis (p = 0.15), the
gravidity (p> 0.99), the parity (p> 0.99), the number of CDs
(p = 0.51), the number of curettages (p = 0.055), the interval
from last CD (p = 0.32) and the serum β-HCG one day before
surgery (p = 0.92).

In order to evaluate the role of TVS in guiding the choice
of surgical procedure and to predict the therapeutic effect for
CSP patients, five related variables were analyzed between
the non-Lap and Lap groups. There was no significant dif-
ference in gestational age between the two groups (p = 0.45).
The four ultrasound parameters between the two groups
demonstrated significant differences including the maximal
diameter of gestational sac (2.330 ± 0.930 cm vs 2.883 ±
0.420 cm, p = 0.007), fetal heartbeat (p = 0.026), local myome-
trial thickness (0.25 [0.16] cm vs 0.16 [0.073] cm, p < 0.001)
and grading of color Doppler signals (p = 0.044) (Table 2).

We considered the amount of bleeding as an important
reference for evaluating the difficulty of surgery. As shown
in Table 3, the bleeding volume in non-Lap was 20 (0) mL
with 50 (503) mL in the Lap which was a significant differ-
ence between groups (p < 0.001). The serum β-HCG of all
patients was measured before and one day post the surgery
with the percentage of serum β-HCG decline one day after

the surgery demonstrating no significant difference between
the two groups.

4. Discussion
Laparoscopic excision of CSP and uterine repair is critical

for a complete removal of the entire scar and content [9]. The
laparoscopic excision can reduce surgical trauma and pro-
mote postoperative recovery. However, not all facilities can
carry out laparoscopic excision due to the lack of equipment
and/or experienced surgeons. Early first trimester diagno-
sis (≤9 weeks) of CSP is associated with a significantly lower
risk of maternal complications [17]. Sonography is a non-
invasive, convenient, effective approach and is an important
determinant for whether CSP patients will require the use of
laparoscopy. Timor-Tritsch IE encourage patients to have an
early first-trimester transvaginal scan to determine the loca-
tion of the gestation [18]. Sonography can be beneficial in
determining the need for transfer of the patient to a tertiary
hospital, and the first-line doctors there decide whether do
the preoperative preparation.

Sun QL et al. [19] reported that CSP could be divided into
three types by the depth of basal decidua implanted into the
myometrium which included the superficial type, the partial
type and the complete type. The severity of CSP is deter-
mined by a spectrum of sonographic and clinical characteris-
tics such as the gestational age, the presence of a fetal heart-
beat, the maximal diameter of the gestational sac, the size of
the gestational sac, remnant myometrial thickness, grading
of Doppler signals, the location of the gestational sac and the
serum β-HCG levels [11, 20, 21].

In this study, we retrospectively analyzed 142CSP patients
and considered the use of laparoscopy as an important indi-
cator for the difficulty of the surgery. For these serious cases,
the simultaneous performance of curettage and laparoscopic
excision can greatly shorten the operation time, reduce the
amount of bleeding and the decrease the length of anesthe-
sia due to excessive operative time. Therefore, we divided
these patients into two groups according to whether laparo-
scopic excision was performed. We found that four ultra-
sonic parameters were associatedwith laparoscopy usewhich
included average diameter of gestational sac, fetal heartbeat,
local myometrial thickness and grading of Doppler signals.

It was worth noting that three-dimensional ultrasound
would be more precise in order to measure the mass of the
gestational sac. Three-dimensional ultrasound can provide
more details about the CSP mass such as the lesion vol-
ume, vascular index, flow index, blood vessels and blood
flow index. Three-dimensional color power angio (CPA) can
provide quantitative parameters for peritrophoblastic per-
fusion and even detect low blood flow without being af-
fected by the angle of the ultrasound wave [22]. Con-
sidering that many primary hospitals may be not equipped
with this kind of technology, it was more practical to use
two-dimensional ultrasound for its wide-spread availability.
Contrast-enhanced ultrasound (CEUS) has been developed
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Fig. 3. Schematic diagram of blood flow signal grading. (A) Grade I. (B) Grade II. (C) Grade III.

utilizing two-dimensional ultrasound. By intravenous injec-
tion of tiny bubbles, the CEUS could show more details such
as the blood flow and surrounding perfusion at the region
of interest [23]. Although CEUS can accurately display the
location of the gestational sac and thus reduce the risk of se-
vere hemorrhage and uterine rupture [24], the adverse events
caused by sonographic contrast agents such hypersensitivity
reaction should not be ignored [25]. MRI scans are also im-
portant for CSP. Most patients at our institution received an
MRI scan to help assess patient’s condition. This research fo-
cus solely on the role of ultrasound in CSP.

We believe that the average diameter instead of the maxi-
mal diameter of gestational sac better describes the sac size.
The statistical analysis demonstrated that a longer average
diameter of the gestational sac, a positive fetal heartbeat, a
thicker local myometrium thickness and a grade III Doppler
signal indicated the need for use of laparoscopy.

During this retrospective analysis, we found 658 cases of
ectopic pregnancies including tubal pregnancy, abdominal
pregnancy and cervical pregnancy. The percentage of CSP
among ectopic pregnancies was 21.6%. We appreciate that
this data ismuch higher than other researchers have reported.
It may be due to a higher cesarean section rate in our coun-
try, the two-child policy and wide spread use of assisted re-
productive technology. Besides, primary hospital would like
to transfer their difficult cases to our hospital for better treat-
ment. In order to decrease the incidence of CSP, we recom-
mend contraception for women who have no desire for fu-
ture childbearing and that women with a history of previous
cesarean section have an early ultrasound examination to de-
termine the location of the fetal sac.

We attempted to employ odds radio for the four risk fac-
tors in a multivariable logistic regression model to develop
a scoring system to make it more practical for the diag-
nosis by frontline physicians similar to that of Wang et al.
[20, 26]. However, the multivariable logistic regression did
not demonstrate any statistical significance. More data is
needed and a prospective study should be carried out to ob-
tain a more practical and easy-to-use evaluation protocol to
help clinicians assess and identify patients who require the
use of laparoscopy.

5. Conclusions
TVS is an important examination method for CSP. A

longer average diameter of the gestational sac, a positive fe-
tal heartbeat, a thicker local myometrium and a grade III
Doppler signal implicate a more severe CSP which may re-
quire laparoscopy as a salvage procedure.

Abbreviations
TVS, transvaginal sonography; CSP, cesarean scar preg-

nancy; CD, cesarean delivery; D&C, Dilatation and curettage;
UAE, uterine artery embolization; LLR/H, laparoscopic lo-
cal resection/hysterectomy; β-HCG, beta-human chorionic
gonadotropin; MTX, methotrexate; Lap, laparoscopy use
group; non-Lap, no laparoscopy use group; CEUS, contrast-
enhanced ultrasound.
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