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Abstract: Cesarean scar pregnancy (CSP) is a rare form of ectopic pregnancy taking place at the site of a previous 
uterine scar, with the increased rate. Contrast-enhanced ultrasound (CEUS) has been shown to improve the sensi-
tivity of plain ultrasonography, and further developments of CEUS technique have significantly increased its clinical 
utility. Lauromacrogol is widely recognized as the international ideal sclerosing agent. This study investigated the 
clinical efficacy and safety of CEUS-assisted lauromacrogol sclerosing therapy for the treatment of CSP. 37 patients 
with CSP were enrolled. Under the CEUS, the lauromacrogol sclerosing therapy was performed, followed by embryo 
forceps curettage under the guidance of ultrasound. The overall treatment outcome, complications, CEUS findings 
before and after lauromacrogol sclerosing therapy, changes of β-HCG level and follow-up results were observed. 
Results showed that, all patients successfully received the CEUS-assisted lauromacrogol sclerosing therapy and 
embryo forceps curettage. The success rate of treatment was 100%. There was no severe complication such as 
massive hemorrhage during and after treatment. CEUS findings showed that, after lauromacrogol sclerosing, 94.6% 
(33/37) scar defects were present as patchy inhomogeneous enhancement, and 5.4% (2/37) as ring enhancement 
at CEUS, with significant difference compared with before (P < 0.01). The β-HCG level was obviously decreased after 
lauromacrogol sclerosing therapy and after embryo forceps curettage. β-HCG became normal 7-28 days (mean 14.2 
± 2.1 days) after embryo forceps curettage. CEUS-assisted lauromacrogol sclerosing therapy is a safe and effective 
technique for the treatment of CSP.
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Introduction

Ectopic pregnancy (EP) is a life-threatening con-
dition that remains the leading cause of death 
in the first trimester of pregnancy. It is most 
commonly located in the ampullary portion of 
the fallopian tube and rarely in unusual sites 
such as the cervix, cesarean scar, anomalous 
rudimentary, horn of the uterus and peritoneal 
abdominal cavity [1]. Although the occurrence 
of EP has decreased markedly in recent years 
because of the great improvement in treat-
ment, it still needs great attention because of 
the high death rate. Cesarean scar pregnancy 
(CSP) is a rare form of EP taking place at the 
site of a previous uterine scar. With the increa- 
sed rate of cesarean section in China in recent 
years, the incidence of CSP is also on the rise, 
reaching 1/1800 to 1/2216 [2]. CSP has seri-

ous complications and a high death rate when 
the embryo directly implants in the uterine 
cesarean scar that lacks the normal muscle 
layer and tunica intima [3]. With the progres-
sion of pregnancy, villi erode local blood ves-
sels, or even penetrate into the uterus in some 
cases, leading to hysterorrhexis and threaten-
ing the life. So, it is necessary to find and solve 
the problem promptly. Conventional treatment 
includes medical therapy, uterus portion resec-
tion and hysterectomy. Currently, uterine artery 
embolization combined with curettage or meth-
otrexate treatment is used, but the disadvan-
tages of this treatment are obvious such as 
high cost, difficult technology, and the possibil-
ity of hemorrhage. 

Ultrasound is the most user-dependent imaging 
modality that is convenient, real-time and popu-
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lar for preoperative assessment and biopsy 
guidance. Contrast-enhanced ultrasound (CE- 
US) has shown to improve the sensitivity of 
plain ultrasonography. Recently, further devel-
opments of CEUS technique have significantly 
increased its clinical utility. Continuous mode, 
low mechanical index scans performed with 
harmonic imaging and contrast specific soft-
ware appears as a very useful technique for the 
visualization of both macro- and microcircula-
tion with depiction of lesion vascularisation [4]. 
Lauromacrogol is widely recognized as the in- 
ternational ideal sclerosing agent, which has 
been used to varicose veins, venous malforma-
tion, sclerotherapy hemorrhoids and other dis-
eases [5, 6]. This study investigated the clinical 
efficacy and safety of CEUS-assisted lauromac-

rogol sclerosing therapy for the treatment of 
CSP. The objective was to provide a reference 
for its further clinical application.

Patients and methods

Patients

37 patients (mean age 33, range 27-42 years) 
who were diagnosed with CSP by transvaginal 
ultrasound in our hospital between April 2012 
and May 2013 were enrolled in this study. All 
patients had the symptom of irregular vaginal 
bleeding and a 3-14-year history of cesarean 
section using a transverse incision of the lower 
uterine segment. The mean menopause time of 
these patients was 44 days (30-67 days), and 
the range of serum human chorionic gonado- 
tropin (β-HCG) was 2476-122444 U/L (mean 
6589 ± 567.5 U/L). All patients received gyne-
cological examination, serum β-HCG, blood and 
urine routine examination, blood coagulation 
function test, liver/kidney function test, and 
electrocardiography (ECG). CEUS was perform- 
ed before sclerosing therapy and 12-24 hours 
after sclerosing therapy in all patients. The stu- 
dy protocol was approved by the Ethics Com- 
mittee of Zhejiang Xiaoshan Hospital. Informed 
consent was obtained from all participants 
after explanation of the procedure and purpose 
of the study to all of them. 

Ultrasound

ESAOTE medical diagnostic ultrasound system 
type My Lab90 was used with a transvaginal 
probe fitted with a 3-9 MHz transducer, and 

Figure 1. B-mode ultrasound was performed to con-
firm the location and internal echo of the lesion, 
showing that the range of villi implant was larger 
than 50% of the cesarean scar.

Figure 2. Color Doppler mode ultrasound was per-
formed to observe the blood flow information of the 
lesion, showing abundant color flow around the ce-
sarean scar.

Figure 3. The lauromacrogol sclerosing therapy was 
applied under transvaginal ultrasound.
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contrast Tuned Imaging (CnTI) function was 
active in the system. The transducer was cov-
ered with a condom filled with ultrasonic con-
ducting gel. The procedure was performed wi- 
th the patient lying in the lithotomy position. All 
patients received routine transvaginal ultra-
sound scan of the uterus, ovary and pelvis. The 
location, size, shape, internal echo and relation 
of the lesion with the surrounding tissues were 
observed and recorded. At the same time, color 
and power Doppler ultrasonography was used 
to observe flow information of the lesion (Fig- 
ures 1, 2). 

During the performance of conventional ultra-
sound, the contrast medium SonoVue (Bracco, 
Italy) consisting of inert gas (SF6) with lecithin 
was prepared. Before use, it needs to be sus-
pended in physiological saline for injection. 
Most SonoVue microbubbles are smaller than 8 
μm. They are stabilized by the inclusion of a 
trace amount of lecithin, which forms a molecu-
lar film around the microbubbles that lowers 
their surface tension. SonoVue dried powder in 
the pack with 5 ml physiological saline was 
used for microbubble suspension. The proce-
dure was performed by firstly activating CnTI in 
the ultrasound system, observing the cesarean 
section scar and scar defect, and then using 
1.2 ml suspension for quick injection via the 
elbow vein and 5 ml physiological saline for qui- 
ck continued injection. It was noteworthy that 
the SonoVue suspension was prepared for use 
by shaking for 20 seconds before injection. Con- 
tinuous dynamic images for contrast-enhanced 
ultrasound were acquired, and stored on a hard 
disk for offline analysis. 

The criteria proposed by Godin et al [7] were 
used for the diagnosis of CSP in this study, 
including i) no cystic echo in the palace cavity; 
ii) no cystic echo in the cervical canal; iii) the 
presence of the gestational sac in the anterior 
uterine isthmus; and 4) the presence of thin 
muscle between the capsule and the bladder.

omy position (Figure 3) for the convenience of 
determining the location, size and shape of  
CSP by CEUS. After routine surgical skin prepa-
ration and draping, an 18G needle was insert-
ed under the guidance of transvaginal ultra-
sound to inject 10 ml lauromacrogol at multi-
points around the gestational sac and at the 
same time extract the cystic fluid in it. After 
12-24 h from lauromacrogol sclerosing therapy, 
the embryo forceps curettage was performed 
under the guidance of ultrasound.

Observation indexes

The overall treatment outcome and complica-
tions were evaluated. The CEUS findings before 
and after lauromacrogol sclerosing therapy we- 
re observed. In addition, the β-HCG data before 
lauromacrogol sclerosing therapy, 12 h after 
lauromacrogol sclerosing therapy and 24 h 
after embryo forceps curettage were recorded.

Follow-up 

All patients were followed up for a mean period 
of 2.7 months (range 1.5-4) after the procedure 
for menstrual cycles, incontinence, bleeding 
and healing on the clinical basis. 

Statistical analysis

All dynamic images were diagnosed by two 
experienced ultrasound doctors who had more 
than five-year clinical experience. The CEUS 
characters of the scar defects were observed 
to determine the location, size, shape and rela-
tion with the surrounding tissues. The chi-
squared test was used to determine the diag-
nostic value of CEUS on CSP before and after 
lauromacrogol sclerosing therapy. Statistical 
values of P < 0.05 were considered statistically 
significant. Statistical analysis was performed 
using the SPSS 13.0 statistical package (SPSS. 
Inc. Chicago, IL, USA).

Table 1. CEUS findings before and after lauromacrogol sclerosing therapy
CEUS findings Cases Rate P
Ring enhancement Before therapy 33 89.2% < 0.01

After therapy 2 5.4%
Patchy inhomogeneous enhancement Before therapy 4 10.8% < 0.01

After therapy 35 94.6%

Lauromacrogol scleros-
ing therapy and embryo 
forceps curettage 

The patient receiving 
the transvaginal ultra-
sound-guided interven-
tional therapy was ad- 
vised to lie in the lithot-
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Results

Overall treatment outcome

All 37 patients successfully received the CEUS-
assisted lauromacrogol sclerosing therapy, and 
the embryo forceps curettage was successfully 
performed within 12-24 h after lauromacrogol 
sclerosing therapy. The success rate of treat-
ment was 100%. The postoperative pathology 
examination showed that, the curettage materi-
als were the degenerated villi and decidua. The 
mean intra-operative blood loss was 10 ml. 

Complications

Lauromacrogol sclerosing therapy-related com-
plications were dizziness, nausea and acid 
reflux. In this study, 7 of the 37 patients (18.9%) 
complained of dizziness and nausea. After 

symptomatic treatment, these were relieved. 
There was no severe complication such as mas- 
sive hemorrhage during and after treatment. 

CEUS findings before and after lauromacrogol 
sclerosing therapy

CEUS findings before and after lauromacrogol 
sclerosing therapy were summarized in Table 1. 
The presence or absence of ring enhancement 
was the main character of contrast-enhanced 
ultrasound that best discriminated between 
defects classified by the ultrasound examiner. 
Before lauromacrogol sclerosing therapy, 89. 
2% (33/37) scar defects were present as quick 
ring enhancement, and the other 10.8% (4/37) 
were present as patchy inhomogeneous en- 
hancement, where the remaining myometrium 
over the defect showed early, rapid and inho-
mogeneous enhancement, linked to the gesta-
tional sac wall. After the therapy, 94.6% (33/ 
37) scar defects were present as patchy inho-
mogeneous enhancement, and 5.4% (2/37) as 
ring enhancement at CEUS. The difference 
between them was statistically significant (P < 
0.01) (Figures 4, 5).

Changes of β-HCG level after lauromacrogol 
sclerosing therapy and after embryo forceps 
curettage

β-HCG data before lauromacrogol sclerosing 
therapy, 12 h after lauromacrogol sclerosing 
therapy and 24 h after embryo forceps curet-
tage were observed. Based on β-HCG data 
before lauromacrogol sclerosing therapy, the 
decline after lauromacrogol sclerosing therapy 
and after embryo forceps curettage were ana-

Figure 4. CEUS performance was observed before (A) and after (B) the lauromacrogol sclerosing therapy.

Figure 5. No obvious color flow was observed around 
cesarean scar after the lauromacrogol sclerosing 
therapy.
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lyzed. After 12 h from lauromacrogol sclerosing 
therapy, there were 2 (5.4%), 30 (81.1%) and 5 
(13.5%) cases with β-HCG decline by ≤ 30%, 
30%-90% and ≥ 90%, respectively. After 24 h 
from embryo forceps curettage, there were 0,  
2 (5.4%) and 35 (94.6%) cases with β-HCG 
decline by ≤ 30%, 30%-90% and ≥ 90%, respec-
tively (Table 2).

Outcomes of follow-up

The follow-up was successfully performed in all 
patients. There was no reported incontinence 
during follow-up. In all patients, β-HCG became 
normal 7-28 days (mean 14.2 ± 2.1 days) after 
embryo forceps curettage. All patients had 
recovered normal menstruation during the fol-
low-up period.

Discussion

The increased rate of cesarean section and 
associated complications has awakened an 
interest in cesarean section scars [8-10]. Be- 
cause of the gestational sac, the remaining 
myometrium over the defect is thin, which may 
result in bleeding, hemorrhagic shock and the 
risk of death. As there are no generally accept-
ed guidelines for the treatment of CSP, it is sig-
nificant to find a safe and effective therapy 
method. Cesarean section scar defects can be 
detected by transvaginal ultrasound [11, 12]. 
Transvaginal ultrasound also plays a definite 
role in early diagnosis, early therapy and relief 
of CSP-associated complications [13]. However, 
it is usually difficult for unenhanced ultrasound 
to determine the number and size of scar 
defects or the thickness of the remaining myo-
metrium over the defect [11, 12, 14], and 
therefore a more sensitive diagnostic tech-
nique has to be developed. Contrast-enhanced 
ultrasound provides a new method, because it 
can clearly show the microcirculation informa-
tion of the defect. CEUS is considered essential 
for evaluating cesarean section scar defects, 
and is also useful for assessing the location, 
number, size and relation with the surrounding 
tissues, in particular for detecting and distin-

formed via the transvaginal approach before 
and after lauromacrogol sclerosing therapy 
with regard to the number, size and shape of 
cesarean section scar defects. Before lauro-
macrogol sclerosing therapy, scar defects were 
present as quick ring enhancement caused by 
blood flow around the gestational sac implant. 
After the therapy, the defects were present as 
patchy inhomogeneous enhancement, because 
lauromacrogol injection closed the vessel and 
reduced the blood flow around the gestational 
sac. The characters of CEUS could give us the 
clue for the diagnosis of CSP and help find an 
appropriate treatment. To the best of our knowl-
edge, there is no previous report about the use 
of CEUS to examine Cesarean section scar 
defects before and after lauromacrogol scle-
rosing therapy. Lauromacrogol is mainly used 
for clinical sclerosis, atrophy and hemostasis of 
varicose veins safely, efficiently and conve-
niently with no obvious toxic and adverse 
effects. In addition, it has a mild anesthetic 
effect and therefore can be used to relieve 
postoperative pain. 

In the present study, we used lauromacrogol 
sclerosis as a new method to treat CSP by 
multi-point injection around the gestational 
sac, especially in tissues with rich blood perfu-
sion as detected by color Doppler and CEUS. 
The defects showed “cap” hardening after scle-
rosing therapy, because the vessels around the 
gestational sac were closed and hardened. In 
this study, all patients received embryo forceps 
curettage 12-24 h after lauromacrogol scleros-
ing therapy, though more clinical trials are 
needed to confirm whether it is the optimal 
time for lauromacrogol sclerosing therapy. In 
addition, as sufficient time is needed to achieve 
the hardening effect of lauromacrogol, we can 
close the vessel to reduce bleeding. On the 
other hand, the possibility of vessel recanaliza-
tion around the gestational sac and softening 
of the myometrium over the defect may 
increase the risk of embryo forceps curettage.

There is no generally accepted guideline for the 
treatment of CSP at present, although medical 

Table 2. β-HCG decline 12 h after lauromacrogol sclerosing therapy 
and 24 h after embryo forceps curettage

β-HCG 
β-HCG decline (n, %)

≤ 30% 30%-90% ≥ 90%
12 h after lauromacrogol sclerosing therapy 2 (5.4) 30 (81.1) 5 (13.5%)
24 h after embryo forceps curettage 0 (0%) 2 (5.4%) 35 (94.6%)

guishing the gestational sac 
implants or necrotic tissues, 
and checking the thickness 
of the remaining myometri-
um as well to get evidence 
for treatment. 

This study has determined 
the agreement of CEUS per-
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treatment, uterine artery embolization and sur-
gical treatment are usually suggested. Metho- 
trexate (MTX) is commonly used for medical 
treatment of CSP, but it only applies to patients 
with β-HCG < 5000 U/L, gestational age < 8 
weeks, and the myometrium between the de- 
fect and the bladder > 2 mm. It does not seem 
to be a good method for the treatment of CSP 
because of the high dosage, long cycle and 
slow effect. In addition, MTX is one chemother-
apy drug with obvious toxicity on the whole 
body. Uterine artery embolization combined 
with drug therapy or curettage is a newly emerg-
ing treatment by reducing bleeding during drug 
therapy and curettage through blockage of the 
uterine blood flow supply. But it is not common-
ly used in clinical practice due to the high risk, 
difficult technology and high cost. In addition, it 
may cause some complications such as ectopic 
embolism and ovarian vein thrombosis, and 
affect the ovarian function, leading to postop-
erative bleeding. 

Surgical treatment of CSP includes curettage, 
hysteroscopy or laparoscopic resection and hy- 
sterectomy. Curettage is usually performed in 
combination with medical therapy or uterine 
artery embolization to reduce bleeding. Hyster- 
oscopy is usually applied to early pregnancy 
incision to minimize bleeding or lower β-HCG 
[15]. Laparoscopy is also an ideal method for 
the treatment of CSP [16, 17], especially under 
the guidance of ultrasound, because it can get 
an accurate position [18] and cause less dam-
age, but there is still the possibility of bleeding 
during the procedure. Patients with a history of 
abdominal and pelvic adhesion, easily could 
receive laparoscopic puncture, this was related 
to the result of the operation [19]. Laparoscopic 
resection or hysterectomy is applicable to pa- 
tients with uncontrolled vaginal bleeding, or 
those who fail conservative treatment or have 
no fertility requirement. It is usually used in an 
emergency situation to save life. The disadvan-
tages of this method are relatively large surgi-
cal damage, slow postoperative recovery and 
associated complications. 

There is no optima clinical treatment for CSP at 
present in terms of safety, quickness and effec-
tiveness. In the present study, we used a new 
method of combining lauromacrogol sclerosing 
therapy with embryo forceps curettage to treat 
CSP by closing the vessels around the gesta-
tional sac with lauromacrogol injection guided 

by transvaginal ultrasound. The new technique 
is real-time and safe. In addition, the thickness 
of the remaining myometrium over scar defects 
and height of scar defect [20] could be detect-
ed more clearly by CEUS. All patients in our 
series received the procedure of sucking the 
gestational sac after the sclerosing therapy. In 
cases where the scar defect was hard, we 
applied embryo forceps curettage so that the 
gestational sac was eliminated more easily and 
bleeding was reduced. With ultrasound guid-
ance, embryo forceps curettage on time is still 
the primary procedure that we need to consid-
er. Curettage could be performed 12-24 h after 
sclerosing therapy, but for uterine artery embo-
lization, the intervention time was 24-72 h until 
the condition was stabilized for the sake of 
achieving a better outcome. All 37 patients in 
our series who received lauromacrogol scleros-
ing therapy underwent embryo forceps curet-
tage successfully without severe complica-
tions. Therefore, we believe that lauromacrogol 
sclerosing therapy combined with embryo for-
ceps curettage is a safe and effective new ther-
apy for CSP. 

Serum β-HCG is a biochemistry index to assess 
the status of CSP. It can be measured during 
the therapy. To reduce the risk of bleeding, 
serum β-HCG should be detected in all patients 
who are scheduled to receive medical therapy, 
uterine artery embolization, hysteroscopy or 
laparoscopy. According to our experience, ser- 
um β-HCG should be monitored meticulously 
throughout the procedure even in cases where 
it is maintained at a relatively low level. In our 
series, serum β-HCG data decreased by less 
than 10% in 90% of our patients 24 h after 
embryo forceps curettage, as compared with 
the baseline level. This could be used as an 
index for therapy assessment. 

In conclusion, CEUS-assisted lauromacrogol 
sclerosing therapy is safe and effective for the 
treatment of CSP, and has some advantages 
over the conventional treatment. Firstly, it is 
real-time and safe under ultrasound guidance. 
Secondly, the dose of lauromacrogol is relative-
ly low with no significant toxic effect. In addi-
tion, the vessels around the gestational sac are 
closed by lauromacrogol injection, thus facili-
tating curettage, devoid of massive bleeding. 
Finally, the procedure is easy to follow with a 
low risk, a low cost and a high curative effect. 
As the sample size of the present study is rela-
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tively small, more larger-sample clinical trials 
are needed to verify our conclusion.
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