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Abstract

Objective: To evaluate the ultrasonographic charateristics and the diagnostic value in placental implantation abnormality (PIA)
with transabdominal Doppler ultrasound, and improve the rate of diagnosis accuracy in the prenatal and postnatal of PIA with
transabdominal Doppler ultrasound, for early diagnosis and treatment, to avoid hysterectomy caused by fatal bleeding.
Methods: There were 61 cases complicated with PIA by operation and pathologically confirmed in our hospital. 33 cases were
prenatal PIA, and 28 cases were postnatal PIA. The sonographic characteristics of PIA were summarized, the sensitivity and
false negative rate of transabdominal Doppler ultrasound were analyzed with the results of surgical and pathological diagnosis.
Results: In the images of prenatal PIA, the incidence of abundant blood flow signals in muscular layer of the placenta was
the highest, which could reached 85.7%, followed by placenta “vortex” and placenta previa; placental remnants were major
sonographic performance in postnatal PIA, the incidence rate was 100%, followed by abundant blood flow signals in muscular
layer of the placenta and disappeared boundary between myometrium and placenta. 14 cases could be diagnosed as prenatal PIA
accurately by transabdominal Doppler ultrasound, the sensitivity was 42.4%, and the false negative rate was 57.6%. 21 cases
could be diagnosed as postnatal PIA accurately by transabdominal Doppler ultrasound, the sensitivity was 75.0%, and the false
negative rate was 25.0%.

Conclusions: The specificity was low in prenatal PIA by transabdominal Doppler ultrasound, but the false negative rate was
high. If necessary, the diagnostic accuracy could be improved combined with MRI. The specificity was much higher in postnatal
PIA, and the false negative rate was low. The ultrasonography of PIA has some certain characteristics, we should strengthen the
consciousness of the diagnosis in PIA, especially in the prenatal PIA, and improve the auxiliary diagnosis.
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In recent years, the WHO survey of maternal and child
health in Asia have shown that the rate of cesarean sec-
tion in our country is as high as 46.2%. Among them,
the rate of cesarean section without medical indication is
11.7%.""" The number of patients with cesarean section in-
creased, and postoperative complications also increased sig-

nificantly, such as postoperative adhesions and abdominal
pain, uterine scar pregnancy and placenta previa. The in-
cidence of placental implantation abnormality (PIA) is on
the rise year by year.”l In the past 50 years, the incidence
has increased 10 times,"®! but the diagnosis rate is not high.
Transabdominal color Doppler ultrasound is an important
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auxiliary examination method in obstetrics and gynecology.
The PIA cases confirmed by surgical pathology in our hos-
pital from March 2009 to March 2014 were retrospectively
analyzed, and the sonographic characteristics of PIA were
summarized, and the reasons for missed diagnosis were an-
alyzed.

1 Data and methods
1.1 Data collection

61 cases of PIA confirmed by surgery and pathology in our
hospital from March 2009 to March 2014 were collected, of
which 33 cases were prenatal PIA and 28 cases were post-
natal PIA, patient age ranging from 23 to 44 years (mean =
36.4).

1.2 Instruments and methods

Siemens 512 and Philips IU22 high-end color Doppler ultra-
sound probe were used, convex array probe, the frequency
of 3.5-5.5 MHz. The patients were in supine position dur-
ing prenatal transabdominal ultrasound examination for a
detailed show of fetus and appendage. The position of
placenta, placental space, placental parenchyma, and de-
marcation of placenta and myometrium were detected by
two-dimensional ultrasound, and the thickness of the my-
ometrium at the placenta was measured. The color Doppler
ultrasound imaging was used to investigate the signal dis-
play of the muscularis lateral flow in the placenta. The pa-
tients with suspected placenta previa should fill the blad-
der moderately before exploring the relationship between
the placenta and the location of the cervix. Postnatal trans-
abdominal color Doppler ultrasound: detection of placenta
remnants, the thickness of the uterine myometrium at the
placental attachment, and the boundary between the pla-
centa and the myometrium. The presence of high velocity
and low resistance arterial blood flow signals in the muscu-
laris side of the placenta was measured by spectral Doppler
ultrasound.

1.3 PIA diagnostic criteria with transabdominal
Doppler ultrasound!?!

There were many different size and irregular liquid dark ar-
eas (placental “vortex”) in the placenta, and Doppler ultra-
sound indicated turbulent flow. The myometrium in the rear
of the placenta became thinner or disappearing. Placenta
previa was located at the anterior wall of the uterus and be-
hind the bladder. The placenta protruded to the bladder, and
the interface between the bladder and the uterine wall was
damaged. Doppler ultrasound showed that the blood vessels
of the uterine serosa and bladder interface increased.
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1.4 Statistical analyses

A retrospective analysis of 61 cases of PIA was performed
by transabdominal color Doppler ultrasonography, and its
characteristics were summed up and the incidence rate was
calculated. The sensitivity and false negative rate of trans-
abdominal color Doppler ultrasound were calculated with
the results of surgical and pathological diagnosis.

2 Results

61 patients undergoing PIA surgery were enrolled in the
biopsy, and the uterine smooth muscle was observed under
the microscope. Among 33 cases of prenatal PIA, 14 cases
were correctly diagnosed by transabdominal ultrasonogra-
phy, the sensitivity was 42.4% and the false negative rate
was 57.6%, according to the pathological diagnosis results
of PIA. The characteristics of the images were summarized:
(1) Disappeared posterior placenta gap in 8 cases (57.1%).
No echo vessels, weak musculature and hyperechoic de-
cidua interface appeared behind the placenta, no echo area
disappeared when placenta accreted. (2) Placental “vortex”
in 11 cases (78.6%). Abnormal increase of sinusoids in the
placenta, different sizes of sonography, irregular anechoic
area, and weak echoes in the placenta appeared. This phe-
nomenon is caused by the placenta invading the muscular ar-
terioles, high-speed arterial blood flowing into the placenta
sinusoid and generating cloud-like roll. (3) Thinning mus-
cular layer of the placenta in 6 cases (42.9%). Even muscu-
lar echo disappeared. (4) Placenta previa in 9 cases (64.3%).
(5) Abundant blood flow signals in muscular layer of the
placenta in 12 cases (85.7%). Among 28 cases of postnatal
PIA, 21 cases were correctly diagnosed by transabdominal
ultrasonography, the sensitivity was 75% and the false neg-
ative rate was 25%. The characteristics of the images were
summarized: (1) Placental remnants in 21 cases (100%).
The hyperechoic masses of the intrauterine inhomogeneity
were close to the wall of the uterus. (2) The boundary be-
tween the placenta and the myometrium disappeared in 12
cases (57.1%). (3) Pulsed Doppler spectrum showed the vis-
ible high-speed low resistance artery blood flow signals in
muscular layer of the placenta in 7 cases (33.3%). (4) The
muscular layer of the placenta was thinning or weak echo
disappeared in 19 cases (90.5%) (see Table 1).

3 Discussion

There are many pathogenic factors that contribute to the de-
velopment of PIA. Fan JM et al.®! reported that the risk
factors leading to PIA included the history of miscarriage,
placenta previa and pregnancy complicated with hyperten-
sion. Independent risk factors for PIA were placenta pre-
via, pregnancy-associated hypertension and education. Fitz-
patrick et al.'% confirmed that advanced age was a risk fac-
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tor of PIA for pregnant women. Sinha et al.l”! proposed that
PIA was related with production times, previous history of
cesarean section and history of abortion. The incidence in-
creased with the age of pregnant women, production times
as well as the number of cesarean section. Most of the cases
in this study resulted from one or more of the above factors.

Table 1: Prenatal and postnatal PIA sonographic
performance comparison [n (%)]

Prenatal sonographic performance Incidence rate

Disappearance of posterior placenta gap 8 (57.1)
Placenta “vortex” 11 (78.6)
Placental muscle thinning 6 (42.9)
Placenta previa 9 (64.3)
Abundant signals of blood flow in muscular 12 (85.7)

layer of the placenta
Postnatal sonographic performance

Incidence rate

Placental residue 21 (100)
Disappearance of boundary between muscular
158pp undary useUlar 15 57.1)
layer and placenta
Placental muscular layer weakness 7 (33.3)
Abundant signals of blood flow in muscular
9 19 (90.5)

layer of the placenta

Among the five manifestations of prenatal PIA, the inci-
dence of abundant placental blood flow signals, that is,
prominent placental vasodilatation, is the highest, followed
by placenta “vortex”. The placental vortex means the blood
pool in the placental parenchyma presents a high speed, low
resistance and high perfusion type of bright arterial blood
flow signal, which is like the “Fire Sea” sign. It is consistent
with the ultrasonic diagnostic performance of placental la-
cuna blood flow reported by Meng XY.!®! Wang YL et al.l!
found that the prenatal placenta “vortex” sign had a spe-
cific diagnostic value. We believe that using color Doppler
flow imaging to detect blood flow in the myometrium of
placenta and placenta is very important for improving the
detection rate of transabdominal color Doppler ultrasound
in PIA. If combined with power Doppler ultrasound, it can
show lower flow velocity in the placental blood vessel net-
work, and this function is not limited by Doppler angle,
the blood flow of PIA shows more advantages. Among 14
cases of prenatal PIA accurately diagnosed by transabdom-
inal color Doppler ultrasound, placenta previa was found in
9 cases, and 4 of them were central placenta previa. PIA
has the same pathogenic mechanism with placenta previa:
the underlying decidua is poorly developed, and the blood
circulation is insufficient. In order to better exchange the
nutrients with the placental blood vessels, the villi intrude
into the myometrium and lead to PIA. The incidence of the
thinning of myometrium at the placenta in prenatal PIA was
42.9%. The reason for the low incidence is that the junction
of normal uterus and bladder wall is a smooth hyperechoic
line. When PIA occurs, the hyperechoic line is raised or in-
terrupted, resulting in a deviation of the thickness of the my-

Published by New Century Science Press

ometrium. The anechoic region was thinner or disappearing.
In fact, the image shows that the anechoic zone thinning or
disappearing does not occur in a large area, but a partial in-
homogeneous thinning. For mild and moderate PIA, there
are differences in the subjective judgment of different ultra-
sound doctors. Placental remnants are the primary image of
postnatal PIA, followed by the abundant blood flow signal
in the placental layer and the disappearance of the bound-
ary between the placenta and the myometrium. Placental
remnants are found in all cases of postnatal PIA diagno-
sis, and the placenta is not easy to peel off. There was no
“vortex” structure and blood flow signal in the placenta rem-
nants. The boundary between the local myometrium and the
placenta remnants in PIA is not clear. Doppler flow spec-
trum showed low resistance and high nutrient artery perfu-
sion flow, placental blood flow signals of the myometrium
side showed bright festoons performance. The invasion of
the muscularis in placental firstly shows an unclear bound-
ary between the remaining placental hyperechoic and hy-
poechoic myometrium, which is intermingled with vascular
network. In addition, the structure of the infringing hypoe-
choic muscularis and the recognized thinning of the same
uterus layer in the same level can indicate PIA.

In this study, 19 cases of missed diagnosis of prenatal PIA
were diagnosed by transabdominal ultrasonography. 17
cases of the placenta were located in the posterior wall of the
uterus and the gestational ages are relatively large, so that it
is more difficult to display the placenta by transabdominal
color Doppler ultrasound. In addition, in the third trimester
of pregnancy, normal myometrium is very thin, and it is dif-
ficult to determine the extent of the placenta invaded the
myometrium. In 2 cases, the PIA was not significant in
the first trimester of pregnancy when ultrasound examina-
tion was performed. The placenta implanted myometrium
was relatively shallow. It was diagnosed as PIA after opera-
tion. These two patients have multiple histories of dilatation
and curettage. In this study, the rate of missed diagnosis of
prenatal PIA by transabdominal ultrasonography was high,
which was consistent with the data reported in other liter-
atures. The rate of missed diagnosis was 68% reported by
the domestic scholar Hu BQ et al.['” and 61.6% by Teng
et al.l'!l" There are two reasons that accounts for the high
rate of missed diagnosis of prenatal PIA. First, the accurate
diagnosis of PIA is affected by the placental position factor,
and the posterior wall placenta is not easy to show because
of the occlusion of the fetal body. Secondly, the domestic
research on the diagnosis of PIA during pregnancy is not
enough.['?l 7 cases of postnatal PIA were missed by trans-
abdominal color Doppler ultrasound. The reasons of missed
diagnosis are: (1) Ultrasound doctors pay more attention
to the diagnosis of placental remnants and ignore the PIA.
(2) The clinical features of postnatal PIA are less, and the
doctors can not consider the problem in combination with
clinical manifestations. (3) There is no specific sign of the
placental implantation, and it is difficult to determine PIA.
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The depth of the infiltrating layer of the placenta is not ac-
curately determined by transabdominal color Doppler ultra-
sound, no matter in prenatal PIA or postnatal PIA, but the
thickness of the placental layer can be measured. Com-
pared with the ultrasound examination, MRI has a sig-
nificant advantage in determining the depth of PIA my-
ometrium infiltration. MRI can accurately show the lo-
cation and depth of placenta infiltrating myometrium be-
fore birth, and the coincidence rate with pathological di-
agnosis after cesarean section is high."'"!?! It can further
compensate for the low sensitivity of prenatal PIA diagno-
sis by transabdominal color Doppler ultrasound, especially
the placenta locates on the posterior wall of uterus. How-
ever, MRI is costly and not widely available in small-scale
medical institutions. Therefore, compared with MRI, trans-
abdominal ultrasonography can be used as the preferred
imaging method to further perform MRI in patients sus-
pected of having PIA. It is reported that ultrasound com-
bined with MRI diagnosis of PIA carries the highest sen-
sitivity.!3]  Right cesarean section pregnancy with pla-
centa previa should be routinely examined by transabdom-
inal ultrasonography combined with MRI. At present, the
three-dimensional transabdominal color Doppler ultrasound
technology is developing rapidly. Three-dimensional color
Doppler ultrasound can display blood vessel branching im-
ages. The diagnostic sensitivity is 97% and the specificity
is 92%. However, three-dimensional image post-processing
will produce artifact, and the practical application of three-
dimensional ultrasound is limited.['*
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