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ABSTRACT

Objective: To investigate the value of Doppler ultrasound in evaluating the efficacy of high intensity focused ultrasound
(HIFU) in treatment of cesarean section scar pregnancy.
Study Design: Observational study.
Place and Duration of Study: Department of Ultrasonography, The Second people's Hospital of Liaocheng City Affiliated
to Shandong First Medical University, China, from January 2015 to December 2017.
Methodology: Forty-six patients with cesarean section scar pregnancy treated with HIFU were enrolled. Doppler
ultrasound images, blood flow resistance index (RI) and β-human chorionic gonadotropin (β-hCG) levels were analyzed.
Results: Among 46 patients, 31 cases (68.89%) were embryo sac type while 15 cases (32.61%) were mass-type. After 4
weeks of HIFU treatment, among 31 cases of embryo sac type of cesarean scar pregnancy, slightly increased
echogenicity and thickened walls of yolk sac were observed in 15 cases (48.39%), heart beat disappeared in 12 cases
(38.71%) and fetal heart rate as still regular in four cases (12.90%). Among 15 cases of mass-type treated with 4 weeks
of HIFU, echogenicity was slightly elevated at first, then echogenicity of center zone decreased, resulting in mixed echoes,
finally the volumes of mass decreased to varying degrees and blood flow reduced significantly, leading to slight strong mull
echoes. Compared with before treatment of HIFU, RI levels were higher after 4 weeks treatment of HIFU (p<0.001), while
the blood β-hCG levels were lower (p<0.001).
Conclusion: Doppler ultrasound can provide accurate qualitative diagnosis of cesarean section scar pregnancy, and
possess higher clinical value in evaluating the treatment efficacy of cesarean section scar pregnancy with HIFU.
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INTRODUCTION

Cesarean section scar pregnancy, a special type of
ectopic pregnancy, refers that most or all of fertilized
eggs are implanted at the incision scar (lower segments
of uterine anterior wall) after cesarean section.1,2
Cesarean section scar pregnancy usually manifests as
irregular vaginal bleeding, but uterine rupture may occur
as it worsens, leading to massive bleeding and a lifethreatening condition.3 At present, there are many
diagnostic ways of cesarean section scar pregnancy,
including hysteroscope, ultrasound and MRI. However,
hysteroscope is not suitable for patients with vaginal
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bleeding as it may even cause increased bleeding, and
MRI is rather expensive.4 Ultrasonography has received
increasing attention in recent years. A study found
ultrasonography was feasible in the diagnosis of ectopic
pregnancy.5

The treatment of cesarean section scar pregnancy is
diverse, but no unified standard was developed.6 With
the gradual promotion of non-invasive techniques, high
intensity focused ultrasound (HIFU), a new treatment
method, has been applied to the clinical treatment of
scar pregnancy.7 However, there is no clear and unified
criterion for evaluating the short-term efficacy of HIFU in
the treatment of scar pregnancy. Sterzik et al. demonstrated the high predictive value of serum β-human
chorionic gonadotropin (β-hCG) determinations in
diagnosis of early ectopic pregnancies.8 Baradwan et al.
revealed it was a successful response to treatment of
viable cesarean scar twin pregnancy was monitored by
β-hCG and ultrasound.9
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The aim of this study was to compare Doppler
ultrasound and characteristics of ultrasound and RI
levels before and after treatment and β-hCG levels on
patients with cesarean section scar pregnancy, for
evaluation of treatment of cesarean section scar
pregnancy with HIFU.

METHODOLOGY

This study was conducted at the Department of Ultrasonography, The Second people's Hospital of Liaocheng
City Affiliated to Shandong First Medical University,
China, from January 2015 to December 2017, after
approval by the Institutional Ethics Committee of
Hospital. A total of 46 patients with cesarean section
scar pregnancy were enrolled. Inclusion criteria were
patients with more than 2 years had passed since the
patient last had cesarean section, where cesarean
section scar pregnancy was identified by ultrasound
results, and serum β-hCG. Exclusion criteria were
patients with malignant tumor or blood system disease,
and patients with cardiac, cerebral, hepatic or renal
dysfunction.
All patients were treated with HIFU. JC 200 Focused
ultrasound instrument for tumor therapy from Chongqing
Medical Technology Corporation Limited were purchased.
Before treatment, all patients were under diet control
and prepared for clyster. During the treatment, patients
were placed in prone position, with proper filling of
bladder. Intestinal was pressed with proper instruments.
Sedation and analgesia were performed after safe
access was built. First identify the range and level of
treatment, with frequency set at 0.85 Hz, fixation time at
1-2 second, break at 2-6 second and power at 300-400
W. At the beginning and ending of treatment, sulphur
hexafluoride microbubbles imaging was performed
immediately. During the whole process, the radiation
area, power, radiation time and interval time were
adjusted according to patients’ reaction. The entire
treatment process is monitored by ultrasound in real
time.

Before and after 4-week of treatment of HIFU,
examination on patients were performed by Philips IU22
Ultrasound Instrument, with the frequency of convex
array probe set at 3.5 - 5.5 MHz, and C5-1 virginal probe
at 7 - 13 MHz. Size of gestational sac or mass, size of
embryo and yolk sac, original heart beats, morphology,
edge and internal echoes of mass, myometrial thickness
at the site of scar and blood flow in the muscle layer
of peri - gestational sac or lesion were observable via
combination of transvaginal ultrasound and transabdominal ultrasound with patients at supine position
and lithotomy position. Both left and right side of uterine
artery trunk were monitored from the distal branch of
internal iliac artery. Three consecutive stable Doppler
spectrum were obtained and RI was recorded.

Examinations on all patients were performed by one
sophisticated physicians. The blood β-hCG levels were
detected by enzyme-linked immunosorbent assay
(ELISA).
Classification standards of cesarean section scar
pregnancy included embryo sac type and mass-type.
Embryo sac type was defined by typical double ring sign
was observed in the site of scar while yolk sac, embryo,
or fetal heart beats were visible in some cases. Masstype was defined by mass-type, patchy mixed echoes
were visible in the site of scar, where normal myometrium was thin or disappeared, with a blur boundary
between incision and muscular layer.
Grading standards of blood flow included rich blood flow,
slightly rich blood flow, low blood flow, and no blood flow.
Rich blood flow was observed in more than two vessels,
with more than 4 dotted blood flow signals. Slightly rich
blood flow was observed in one or two vessels, with 3-4
dotted blood flow signals. Low blood flow was observed
in 1-2 dotted blood flow signals. No blood flow was
observed in zero blood flow signals.

Data were analysed using spss version 25. Mean value
±SD was calculated for numerical variables like RI and
β-hCG levels, etc. and compared by paired t-test.
Frequencies and percentages were calculated for
categorical variables. The p-values less than 0.05 were
regarded as significant.

RESULTS

All patients were female, the average age was 30.61
±2.54 years, ranging from 28 to 37 years. The average
pregnant frequency was 3.7 ±0.5 times, ranging from 2
to 7 times. The average time since the patient last had
cesarean section was 4.67 ±1.38 years, ranging from 1
to 10 years.

Results from Doppler ultrasound showed that of 46
patients, the 31 of cases (68.89%) of them were embryo
sac type of cesarean scar pregnancy while 15 cases
(32.61%) were mass-type. After 4 weeks of HIFU
treatment, among the 31 of cases embryo sac type of
cesarean scar pregnancy, slightly increased echogenicity and thickened walls of yolk sac were observed
in 15 cases (48.39%), original heart beats disappeared
in 12 cases (38.71%) and fetal heart rates were still
regular in 4 cases (12.90%). Among the 15 cases masstype of cesarean scar pregnancy treated with 4 weeks of
HIFU, echogenicity was slightly elevated at first, then
echogenicity of center zone decreased, resulting in
mixed echoes, finally the volumes of mass decreased to
varying degrees and blood flow reduced significantly,
leading to slight strong mull echoes.
Before treatment of HIFU, abnormally rich garland-like
blood signals of red and blue colors and arteriovenous
fistula-like spectrum were observed in 27 cases
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Table I: Changes of RI, blood β-hCG levels were measured before and after 4-week treatment of HIFU.
Time

n

Before treatment of HIFU

46

After 4-week treatment of HIFU

46

RI

Mean ±SD

0.35 ±0.06

p-value
<0.001

0.63 ±0.05

Figure 1: Before the HIFU treatment, rich garland-like blood signals around
the gestational sac.

Blood β-HCG（mIU/mL）

Mean ±SD

3798.16 ±185.74
125.16 ±9.75

p-value
<0.001

Figure 4: After 4-week treatment of HIFU, deformed yolk sac was observed
in cesarean scar pregnancy patients, with poor blood flow but higher RI
around the gestational sac.

(58.70%, Figure 1). And poor or no signal of blood flow
was observed in those patients after 4-week treatment of
HIFU (Figure 2). Among 46 patients, 14 cases (30.43%)
of them presented with slightly rich blood flow signal
before the HIFU treatment. Poor or no signal of blood
flow and the RI levels were observed in those patients
after 4-week treatment of HIFU (Figures 3 and 4).
Among 46 patients, 5 cases (10.87%）of them presented with poor blood flow signal before the HIFU treatment. But no significant change was observed after
4-week treatment of HIFU.

Figure 2: After 4-week treatment of HIFU, only dotted blood flow signals
were observed in the site of scar.

Figure 3: Before the HIFU treatment, blood signals were observed in the
mass-type cesarean scar pregnancy, with low RI.
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Compared with before treatment of HIFU, RI levels were
significantly higher after 4-week treatment of HIFU
(p<0.001), while the blood β-hCG levels were significantly lower（p<0.001, Table I).

DISCUSSION

Cesarean section scar pregnancy is a special type of
ectopic pregnancy, which could be related to poor
incision healing after cesarean section, endometrium
injury during surgery, excessive movement of fertilized
eggs, infiltration of trophoblast into the scar, etc., leading
to uterine rupture or hemorrhagic shock.10,11 The main
purposes of the treatment of cesarean section scar
pregnancy are terminating pregnancy, preventing
massive blood loss or uterine rupture during curettage
and evacuation of uterus and conserving fertility.12,13
Treatment with medication only has longer recovery time
and poor efficacy. Traditional direct curettage and
evacuation of uterus could result in complications like
massive blood loss, uterine rupture, or bladder injury.
Interventional treatment of uterine artery could cause
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embolism in bilateral uterine artery, reduce blood supply
and provide better chances for curettage and evacuation
of uterus. However, it could also cause postembolism
syndrome like lower abdominal pain, fever, nausea and
vomiting, massive blood loss and enlargement of scar
size after second surgery, increasing the risks of next
cesarean section scar pregnancy.14,15 Hysterectomy
does severe damage to the reproductive organs,
affecting physical and mental health. Hence a safer and
more effective approach is desired. Application of HIFU
in the treatment of cesarean section scar pregnancy has
considerable prospects. The underlying mechanisms
involves application of high-intensity ultrasound energy
(focus) on the embryos or masses in the gestational sac
and peripheral blood vessels (nourishing blood vessels),
locally generating transient high temperature (above
65°), and induction of coagulation necrosis via biological
effects such as high temperature, cavitation, mechanical
action, and biological immunity, achieving therapeutic
purposes.16,17
With the development of high-resolution ultrasound
diagnostic apparatus, the images of the occurrence of
ectopic pregnancy in the early uterus are more clear.18
The condition of cervical and lower uterine segment, the
relative positions between gestational sac and incision
are more accurately shown in transvaginal ultrasound.19
The relative positions between gestational sac and
bladder, and the thickness of uterine serosa are more
accurately shown in transabdominal ultrasound.20
Combination of transvaginal ultrasound and transabdominal ultrasound help thoroughly understand both
partial and whole picture of gestational sac or lesion.
And the measurement of gestational sac and RI level
and provide accurate data for clinical treatment.
Results from the present study proved that β-hCG is an
effective indicator of scar pregnancy treatment efficacy,
but it could not provide updated reflection of lesion.21

Changes in lesion and blood flow can be directly
observed by Doppler ultrasound. Single application of
either β-hCG or Doppler ultrasound has limitations.
Results from our study showed that RI level was
relatively low while β-hCG was relatively high in patients
before HIFU treatment. And RI level significantly
increased while β-hCG significantly decreased in
patients after 4-week of HIFU treatment. Another study
confirmed that HIFU was able to stop embryonic cardiac
activity and leaded to a rapid reduction in serum human
chorionic gonadotropin levels.22 This study showed that
combination of RI measurement with Doppler ultrasound
and blood β-hCG played significant indicator roles in
HIFU treatment evaluation. The findings of this study
were similar to those reported by Buresch et al.23
There were some limitations in this study, such as small
sample size and single-observation index. However, this
study brings a new perspective for larger sample-sized

studies, considering the Doppler ultrasound technique is
feasible and applicable.

CONCLUSION

Doppler ultrasound can provide accurate qualitative
diagnosis of cesarean section scar pregnancy, and
possess higher clinical value in in evaluating the
treatment efficacy of cesarean section scar pregnancy
with HIFU.
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