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Clinical value of ultrasonic indicators
in predicting the outcome of caesarean scar
pregnancy after pregnancy termination
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Abstract

Background To investigate the predictive value of ultrasound indicators in early pregnancy for the outcome of
caesarean scar pregnancy (CSP) after pregnancy termination.

Methods This study retrospectively analysed the ultrasound images of 98 CSP patients who underwent
transabdominal ultrasound-guided hysteroscopic curettage during early pregnancy at Changsha Hospital for
Maternal and Child Health Care between January 2017 and October 2021. Patients were equally divided into a case
group and a control group. The case group included 49 CSP patients with postoperative complications, such as
intraoperative blood loss >200 ml or retained products of conception (RPOC). The remaining 49 CSP patients, with
similar age and gestational age and with good postoperative outcomes, such as intraoperative blood loss < 50 ml
and no RPOC, were included in the control group. CSP was classified into three types according to the location of the
gestational sac (GS) relative to the uterine cavity line (UCL) and serosal contour. Differences in ultrasound indicators
between the case and control group were compared.

Results There were significant differences between the case and control groups in the mean gestational sac
diameter (MGSD), residual myometrium thickness (RMT) between the GS and the bladder, blood flow around the
GS at the site of the previous caesarean incision, and types of CSP (P < 0.05). The r; of each ultrasound indicator were
as follows: 0.258, -0.485, 0.369, 0.350. The optimal threshold for predicting good postoperative outcomes, such as
intraoperative blood loss <50 ml and no RPOC, by receiver operating characteristic (ROC) curve analysis of the RMT
was 2.3 mm.

Conclusion Our findings show that the RMT, blood flow around the GS at the site of the previous caesarean incision,
and types of CSP have a low correlation with postoperative complications, such as intraoperative blood loss >200 ml
or RPOC, of early pregnancy termination in patients with CSP. To some extent, this study may be helpful for clinical
prognostic prediction of patients with CSP and formulation of treatment strategies. Given the low correlation
between these three indicators and postoperative complications, further studies are needed to identify indicators that
can better reflect the postoperative outcomes of CSP patients.
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Introduction

Caesarean scar pregnancy (CSP) refers to the implan-
tation of a gestational sac (GS) in the scar of a previous
caesarean Sect. [1]. To avoid serious complications, such
as uterine rupture and massive bleeding, pregnancy ter-
mination is usually performed soon after the diagnosis
of CSP is established. Although this method is reliable,
massive bleeding can still occur [2]. Previous studies have
reported that retained products of conception (RPOC)
occur postoperatively in 3.5-6.03% of CSP cases [3-6].
CSP patients with RPOC are more likely to have acute
severe vaginal bleeding than those with an intact GS [4].
At present, the correlation between ultrasound indica-
tors in early pregnancy and postoperative complications
of pregnancy termination in CSP patients is not compre-
hensive. This study aimed to explore the clinical value of
ultrasound indicators in predicting the outcome of CSP
in the first trimester after pregnancy termination.

Materials and methods

General information

From January 2017 to October 2021, ultrasound images
and pregnancy outcomes of patients with CSP diag-
nosed by ultrasound during early pregnancy in Chang-
sha Hospital for Maternal and Child Health Care were
retrospectively analysed. E8 General Electric equipment
(Zipf, Austria) and H60 Samsung (Hongcheon, Korea)
with 5-9 MHz transvaginal transducers were used. The
patients were placed in the bladder lithotomy position,
and transvaginal sagittal ultrasound images were selected.
All patients selected for the case and control groups were
required to fulfil the following five inclusion criteria: (1)
history of caesarean section; (2) ultrasound diagnosis of
CSP; (3) gestational weeks less than or equal to 10 weeks
and who underwent pregnancy termination; (4) complete
hospitalisation data showing pregnancy outcomes such
as blood loss during transabdominal ultrasound-guided
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hysteroscopic curettage; (5) and patients whose ultraso-
nography was re-examined in our hospital 1 month after
surgery. The exclusion criteria were: (1) twin or multiple
cases; (2) abnormal uterine morphology and uterine mal-
formation; (3) patients with haemorrhagic diseases.

Some experts divide CSP into three types (Fig. 1) based
on the location of the GS in relation to the uterine cav-
ity line (UCL) and serosal contour [7]. Type I CSP, that
is, the largest part of the GS, is located behind the UCL,
protruding into the uterine cavity. Type II CSP, that is,
the largest part of the GS, is located in front of the UCL,
protruding into the anterior uterine wall and the GS does
not extend beyond the serosal contour. Type III CSP,
that is, the largest part of the GS, is located in front of
the UCL, protruding into the anterior uterine wall and
the GS extends beyond the outer contour of the uterus
or cervix.

The ultrasonographic diagnostic criteria for CSP were
as follows [8-11]: the GS was completely or partially
implanted in the scar of the anterior uterine wall; the
cervical canal was closed, and there was no GS in the
intrauterine or cervical canal, or only part of the GS was
detected; colour Doppler ultrasound showed blood flow
signals around the GS at the site of the previous caesar-
ean incision; a thin myometrial layer between the bladder
and the GS; before 8 weeks of gestation, the margin of the
GS near the uterine incision was sharp; and after 8 weeks
of gestation, it was round and blunt.

The study was carried out in accordance with the
Declaration of Helsinki and approved by the Human
Research Ethics Committee of Changsha Maternal and
Child Health Hospital (2,021,001). The need for informed
consent was waived due to the retrospective nature of the
study.

Fig. 1 Ultrasound (A, B, C) images, showing differentiation of cesarean scar pregnancy (CSP) according to position of the gestational sac (GS) in relation
to the uterine cavity line (UCL) and serosal contour. A: Type | CSP. This image shows that the largest part of the GS, is located behind the UCL, protruding
into the uterine cavity. B: Type Il CSP. This image shows that the largest part of the GS, is located in front of the UCL, protruding into the anterior uterine
wall and the GS does not extend beyond the serosal contour. C: Type Il CSP. This image shows that the largest part of the GS, is located in front of the UCL,
protruding into the anterior uterine wall and the GS extends beyond the outer contour of the uterus
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Data collection

The following ultrasound image information was col-
lected and analysed: (1) Mean gestational sac diameter
(MGSD), measured as: (maximum diameter+ vertical
diameter of the GS under the same ultrasound section)/2,
wherein the maximum diameter of the GS was measured
on the sagittal section of the ultrasound, and the verti-
cal diameter was measured as the longest vertical line
perpendicular to the maximum diameter line. (2) Resid-
ual myometrium thickness (RMT) between the GS and
bladder (RMT was measured three times for each case,
and the average value was calculated) [12]. (3) Degree of
blood flow [13, 14] around the GS at the site of the previ-
ous caesarean incision, which was divided into four lev-
els: Grade 0: no blood flow signal was observed, Grade I:
punctate blood flow was observed in one to two places,
Grade II: one vessel longer than the radius of the lesion or
several small vessels, Grade III: more than four vessels or
vessels connected in a network. (4) The foetal heartbeat,
before 11 weeks of gestation, was acquired from ultra-
sound reports as one of three types: normal heartbeat, no
heartbeat, and significantly slowed heartbeat. In addition,
other characteristics such as age, parity, number of abor-
tions, intraoperative blood loss, and occurrence of RPOC
were collected from the clinical data of the patients.

Table 1 General data of patients in the case group and control

group

Factor Control Case group (n=49)
group
(n=49)

RMT (mm)

0-2 8 31

2-4 29 17

>4 12 1

Blood flow around the GS at the site of the previous caesarean
incision

Grade 0- | 31 16
Grade l 15 16
Grade lll 3 17
Mean gestational sac diameter (mm)

0-20 20 9
20-40 24 32
>40 5 8
Foetal heartbeat

Normal heartbeat 34 28
No heartbeat 12 15
Significantly slowed heartbeat 3 6
Types of CSP

Type | CSP 19 7
Type Il CSP 25 25
Type Il CSP 5 17
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Allocation

Forty-nine CSP patients with postoperative complica-
tions, such as intraoperative blood loss>200 ml [15] or
RPOC, after pregnancy termination in the first trimes-
ter were included in the case group. Another 49 patients
with similar age and gestational age and with intraopera-
tive blood loss<50 ml, and no RPOC were selected as
the control group. All of the 98 cases involved artificial
termination of pregnancy during early pregnancy. They
underwent hysteroscopy combined with transabdomi-
nal ultrasound-guided removal of the uterine incision.
The differences in ultrasound image indicators in the
first trimester between the case group and the control
group were compared to analyse the correlation between
each ultrasound indicator and the outcome of pregnancy
termination.

Statistical analysis

Statistical analyses were performed using SPSS version
25.0. Two independent samples t-tests were used for
comparison of measurement data between groups, and
the x2 test was used for enumeration data. Spearman’s
nonparametric test was used to analyse the correlation
between ultrasound parameters and prognosis (r;: 0-0.3
negligible, 0.3-0.5 low correlation, 0.5-0.7 moderate
correlation, 0.7-0.9 high correlation, 0.8-1.0 extremely
high correlation) [16]. The receiver operating charac-
teristic (ROC) curve was drawn to analyse the optimal
cut-off values, and P<0.05 was considered statistically
significant.

Results

There were 98 patients with CSP (Table 1) in this study,
with 49 patients in the case group and 49 patients in the
control group. In the case group, 20 patients had intra-
operative blood loss>200 ml, 21 patients had RPOC,
and 8 patients had both. There were 21 patients with
intraoperative blood loss>200 and <400 ml, 5 patients
with intraoperative blood loss>400 and <1000 ml, and
2 patients with intraoperative blood loss of 1000 ml and
1300 ml, respectively. Ultrasound examination of the 29
patients with RPOC showed that the maximum diameter
of the abnormal echogenic lesions in the incision site of
the lower segment of the uterine cavity was 17-69 mm,
with an average of (36.69£9.58) mm. Among them, 12
patients underwent hysteroscopy or uterine curettage
for a second operation to clear the RPOC, and pathologi-
cal examination showed that the lesions contained villi.
The remaining 17 patients with RPOC did not undergo
a secondary operation, and the serum B-hCG level did
not return to the normal level (0-3 IU/L) 3 weeks after
the operation. Ultrasound examination 30 days after the
operation showed that abnormal echogenic lesions were
still visible at the incision site of the lower segment of
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the uterine cavity. These 17 patients with RPOC were
treated with drugs, either alone or in combination, such
as methotrexate, mifepristone, misoprostol, traditional
Chinese medicine, etc., and abnormal echogenic lesions
in the lower uterine cavity disappeared, as confirmed by
ultrasonography, six months after the operation. There
were no statistically significant differences in age, gesta-
tional age, crown-rump length, number of caesarean sec-
tions, number of abortions, or percentages of cases with
normal heartbeat between the control and case groups
(Table 2).

The MGSD was 24.99+£10.80 mm and 30.07+11.16 mm
of the control group and case group, respectively. While
there was a significant difference in the MGSD between
the two groups (P=0.024; Table 2), the correlation
between MGSD and postoperative complications, such
as intraoperative blood loss =200 ml or RPOC, was neg-
ligible (r; = 0.258). The mean RMT was 3.33 mm and
2.01 mm of the control group and case group, respec-
tively. There was a significant difference in the RMT
between both groups (P<0.001; Table 2), and there was
a low correlation between the RMT and postoperative
complications, such as intraoperative blood loss>200 ml
or RPOC (r; = -0.485). Thus, the thinner the RMT, the
higher the risk of complications. The percentages of the
total number of grade 2 and 3 blood flow around the GS
at the site of the previous caesarean incision were 36.7%
(18/49) and 67.3% (33/49) in the control group and case
group, respectively. In other words, blood flow around
the GS at the site of the previous caesarean incision was
more abundant in the case group than in the control
group, and the x2 test showed a statistically significant
difference between the two groups (P=0.002; Table 2).
The degree of blood flow around the GS at the site of
the previous caesarean incision had a low correlation
with postoperative complications, such as intraopera-
tive blood loss =200 ml or RPOC (r, = 0.369). Compared
with the control group, the proportion of type I CSP in
the case group was significantly smaller (14.3% vs. 38.8%;
P=0.006; Table 2), and the proportion of type III CSP was
significantly larger (34.7% vs. 10.2%; P=0.004; Table 2).
There was a low correlation between CSP types and post-
operative complications, such as intraoperative blood
loss =200 ml or RPOC (r,=0.350).

Using ROC curve analysis, the optimal cut-off value of
the RMT for predicting a good postoperative outcome,
such as intraoperative blood loss<50 ml and no RPOC,
after termination of pregnancy in CSP patients during
early pregnancy was 2.3 mm, the area under the curve
was 0.780, 95% CI=0.686—0.874, the maximum Youden’s
index was 0.551, the sensitivity was 83.7%, and the speci-
ficity was 71.4%, (P<0.05; Fig. 2).
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Table 2 Comparison of differences between the case group and
control group

Factor Control group Case group P
value
Patient age (years) (32.68+4.78) (33.06+4.24) 0.738
Gestational age (weeks) 6.53+1.24 6.65+1.32 0.637
Crown-rump length (mm) (7.98+843) (865+8.63) 0.597
Number of caesarean 1.394+0.53 1354048 0.692
sections
Number of abortions 1.51+1.31 1.94+1.28 0.105
Mean gestational sac diam- ~ (24.99+10.80) (30.07+£11.16) 0.024
eter (mm)
RMT (mm) (3.33+£1.52) (2.01£0.84) 0.000
Percentages of the total 36.7% (18/49)  67.3% (33/49)  0.002
number of grade 2 and 3
blood flow
Percentages of cases with 69.4% (34/49)  57.1% (28/49)  0.209
normal heartbeat
Percentages of type | CSP 38.8% (19/49) 14.3% (7/49) 0.006
Percentages of type IIl CSP 10.2% (5/49) 34.7% (17/49)  0.004
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Fig. 2 ROC curve of the RMT for predicting a good postoperative out-
come, such as intraoperative blood loss<50 ml and no RPOC, in CSP
patients

Discussion

The main finding of our study was that while MGSD,
RMT, the blood flow around the GS at the site of the
previous caesarean incision, and types of CSP were cor-
related with postoperative complications of early preg-
nancy termination in CSP patients, these correlations
were negligible or low. The optimal threshold for pre-
dicting a good postoperative outcome, such as intra-
operative blood loss<50 ml and no RPOC, by receiver
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operating characteristic (ROC) curve analysis of the
RMT was 2.3 mm. Therefore, the risk of complications
increases when the RMT is less than 2.3 mm, the blood
flow around the GS at the site of the previous caesarean
incision is more abundant, or the GS is a type III CSP. To
some extent, these ultrasound indicators can help clini-
cians screen out cases with a high risk of postoperative
complications, such as intraoperative blood loss>200 ml
or RPOC, and guide clinicians to formulate appropri-
ate treatment plans for patients, such as preparation for
intraoperative blood transfusion and treatment in a ter-
tiary hospital with specialists experienced in handling
emergencies.

Jurkovic et al. [3] reported that the amount of blood
loss in patients with CSP during uterine curettage was
significantly higher than that during pregnancy fail-
ure and abortion. As the CSP gestating sac is attached
to the myometrium scar with impaired contraction,
trophoblast cells usually invade beyond the endo-
metrium-myometrium junction [3]. In addition, the
myometrium structure at the scar site is changed in
patients with CSP; that is, the myometrium is reduced,
spiral arteries and radial arteries are also reduced, and
the buffer of small-diameter arteries is lacking. The
villi of the original placenta are directly in contact
with the large-diameter arteries of the lateral myo-
metrium, resulting in a rapid increase in blood flow
around the GS [17]. These factors increase the risk of
bleeding; therefore, it is believed that the thinner the
myometrium in the scar of the anterior uterine wall,
the more apparent the increase in blood flow around
the GS at the site of the previous caesarean incision
and the more likely intraoperative massive bleeding is
to occur. This view supports the results of our study
that RMT and blood flow around the GS at the site
of the previous caesarean incision are associated with
intraoperative bleeding in patients with CSP during
early pregnancy. In addition, in type III CSP, the GS
protrudes into the anterior uterine wall and extends
beyond the outer contour of the uterus or cervix, and
compared with type I CSP, the villi tissue has a more
obvious erosion on the residual myometrium, so com-
plications are more likely to occur.

The probability of RPOC in CSP is higher than that
after abortion [3, 18, 19]. For patients with CSP, surgi-
cal removal is difficult when trophoblast tissue exists
in the scar. CSP masses can enter the myometrium or
scar through micro-fissures; in addition, incomplete
embryo sac removal will cause local bleeding, and scar
tissue at the uterine incision will hinder absorption. All
these factors may lead to persistent residual masses of
ectopic pregnancy [18]. In addition, CSP is implanted
deep in the uterine wall and sometimes invades the
broad ligament, which may force doctors to stop the
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uterine curettage operation due to heavy bleeding dur-
ing the operation, leading to incomplete removal of the
GS. Furthermore, women with CSP usually undergo
routine follow-up examinations after surgery, which is
beneficial for improving the diagnostic rate of RPOC
[13]. Ultrasonography of RPOC can reveal abnor-
mal echogenic lesions in the intrauterine cavity. Dop-
pler ultrasonography can indicate different degrees of
blood colour signals in the lesions, which need differ-
entiating from uterine arteriovenous malformations
(AVM). Angiography can reveal the draining veins and
feeding arteries [20]. In general, serum B-hCG should
decrease by more than half 24 h after uterine curettage
and continue to decrease by half every 24 h thereafter.
If the serum B-hCG level does not decrease below this
level, the possibility of RPOC is suggested [21]. The
thinner the myometrium, the higher the risk of uterine
perforation during curettage surgery, the more abun-
dant the blood flow around the GS, and the higher the
risk of bleeding during surgery. These factors increase
the difficulty of surgery and may lead to the increased
probability of RPOC.

The available treatment modalities comprise expect-
ant management, surgical management, and medical
management with methotrexate administration [22].
Due to the risk of serious complications such as pla-
centa accreta spectrum (PAS), haemorrhage, uterine
rupture, and potential maternal death, some experts
do not recommend expectant treatment [8]. Some
studies suggest that surgical management is better
than medical management, with a shorter duration of
follow-up and lower rates of treatment failure [23].
Surgical interventions include dilatation and curettage
in combination with ultrasonographic guidance, lapa-
roscopy, hysteroscopy, laparotomy, and vaginal and
open excision of CSP [23]. In addition, other adjuvant
treatments [8, 24, 25] include uterine artery emboliza-
tion (UAE), the use of balloon catheters, direct potas-
sium chloride (KCl) injection, high-intensity focused
ultrasound, uterine artery ligation, etc., which can be
combined according to clinical symptoms and surgeon
experience. There is no consensus on the standard
treatment of CSP [8]. For CSP patients at high risk of
complications, such as RMT less than 2.3 mm, abun-
dant blood flow around the GS at the site of the pre-
vious caesarean incision, or type III CSP, laparoscopic
management may be used to remove the pregnancy
and repair the defect, or a combination therapy, such
as UAE combined with hysteroscopic or uterine curet-
tage, may be used to reduce the possibility of heavy
bleeding [8, 22]; in any case, sharp curettage alone
should be avoided.

The present study is similar to the study conducted
by Gui et al. [2], as both discuss the relationship
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between ultrasound indicators and prognosis, and
both suggest that the RMT, MGSD, and blood flow
around the GS are correlated with clinical outcomes.
The difference between this study and the study by Gui
et al. is that the average gestational age of the control
and case groups was 57.3%£22.3 and 74.1%£23.6 days,
respectively, in the study of Gui et al. In the present
study, the authors ensured that there was no signifi-
cant difference in the gestational age of the control and
case groups so as to avoid interference due to different
gestational ages. As many experts believe that the risk
of complications increases with the increase of gesta-
tional age [13, 26, 27], our study explored the correla-
tion between the ultrasound indicators and prognosis
without the interference factor of gestational age, and
the research results were more reliable.

A review by Cali et al. [9] revealed that CSP cases
without foetal heartbeat had better prognoses than
CSP cases with foetal heartbeats. The reviewers
selected 69 CSP cases with expectant treatment from
17 studies, of which 52 had a foetal heartbeat, and 17
did not have a foetal heartbeat. In their study, CSP
patients with a foetal heartbeat had a higher propor-
tion of severe bleeding than those without a foetal
heartbeat. This is inconsistent with our results, which
show no statistically significant difference in intraop-
erative blood loss =200 ml or RPOC. A possible reason
for this is that the cases studied by Cali et al. under-
went expectant treatment, among which 40 cases with
foetal heartbeat progressed to the third trimester of
pregnancy, while the cases in the present study all
underwent artificial termination of pregnancy during
early pregnancy. The gestational age of their cases was
much older than that of the cases in the present study.
Therefore, there is a need to conduct prospective stud-
ies with large samples and stratify the analysis accord-
ing to gestational age to clarify the predictive value of
foetal heartbeat for CSP prognosis.

A strength of the present study is that our control
group and case group were similar in gestational age,
avoiding the interference factors caused by different
gestational ages. In addition, we studied the correla-
tion between types of CSP and postoperative compli-
cations. The classification method of CSP used in this
study was proposed by experts in recent years, and
there are few studies on this classification method.
The main limitations are the small number of included
cases and retrospective study design. Since the exami-
nation was retrospective and the time and frequency
of serum P-hCG examination before surgery were
inconsistent in each case, we could not analyse the
predictive value of serum [B-hCG for postoperative
complications of CSP. Another limitation is the lack of
a multi-centre study. Furthermore, the gestational age
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of the cases in our study was less than or equal to 10
weeks; therefore, the conclusions of our study may be
less applicable at advanced gestation.

Conclusions

This study confirmed that MGSD, RMT, blood flow
around the GS at the site of the previous caesarean inci-
sion, and types of CSP were associated with postoperative
complications, such as intraoperative blood loss>200 ml
or RPOC in patients with CSP during early pregnancy.
However, given the weak correlation coefficient of
MGSD, its predictive value was negligible, whereas the
other three indicators showed low correlation. The pos-
sibility of postoperative complications, such as intra-
operative blood loss>200 ml or RPOC, increases when
the RMT is less than 2.3 mm, the blood flow around the
GS at the site of the previous caesarean incision is more
abundant, or the patient has a type III CSP. Although
the correlation is relatively low, these ultrasound indi-
cators can still help in the clinical screening of patients
with CSP who have a high risk of postoperative compli-
cations and in formulating appropriate treatment plans.
Given the low correlation between these three indicators
and postoperative outcomes, further studies are needed
to identify indicators that can better reflect the postop-
erative outcomes of CSP patients. Pregnancy should be
terminated as soon as possible for patients with CSP, and
only experienced doctors should perform operations as
these are high-risk cases.
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