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Assisted reproductive technology has continued to develop in recent years, the technology has become more and more mature,
and it has improved the total gestational age of the population. Assisted reproductive technology has improved twin pregnancy
rates with the use of ovulation-inducing drugs. The risk factor of twins is much higher than singletons, and adverse pregnancy
outcomes such as stillbirth and premature birth are more likely to occur than singletons, especially the special complications of
monochorionic twins (MC), and the neonatal mortality and morbidity are also increased. Prenatal diagnosis and prognosis of twin
pregnancy, as well as therapeutic interventions, are of current concern. Ultrasound can realize the understanding of intrauterine
growth and development of twin pregnancy fetuses during pregnancy, can more accurately determine gestational age, organ
function, and maturity, and timely detect fetal growth and development abnormalities in twin pregnancy, while the prognosis and
treatment still need further improvement. The purpose of this study was to investigate the clinical value and treatment progress of

prenatal ultrasound monitoring in twin pregnancy.

1. Introduction

With the delay of childbearing age and the increase of elderly
pregnant women, especially in the context of the opening of
the two-child policy and the widespread development of
assisted reproductive technology, the incidence of twin and
multiple pregnancy is increasing year-by-year [1]. The birth
rate of twin pregnancies increased by nearly 70% from 19%
in 1980 to 32% in 2006 [2]. Assisted reproductive technology
has continued to develop in recent years, the technology has
become more and more mature, and it has improved the
total gestational age of the population. Assisted reproductive
technology has improved twin pregnancy rates with the use
of ovulation-inducing drugs. Twin and multiple pregnancies
have become one of the high-risk factors for perinatal
morbidity and mortality [3]. Twin pregnancy is a high-risk
pregnancy that poses a certain threat to the health of both the
mother and the newborn [4]. Compared with singleton

pregnancy, the incidence of pregnancy complications caused
by twin pregnancy is higher; therefore, prenatal screening of
twin pregnancy cannot be ignored [5]. With the continuous
advancement of medical imaging technology, ultrasound
technology has been further developed and has been widely
adopted in prenatal examination of intrauterine fetuses in
twin pregnancy [6]. It is one of the most widely adopted,
most effective, and easiest methods in obstetrics. This study
is a systematic review on the clinical value and treatment
progress of prenatal ultrasound monitoring in twin
pregnancy.

2. Current Status of Prenatal
Ultrasonography in Twin Pregnancy

Currently, prenatal diagnosis and prognosis of twin preg-
nancies, as well as therapeutic interventions, are of great
concern. For twin pregnancy, ultrasound plays a prominent
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role in the monitoring of the whole pregnancy. It is the only
means to assess the size of the fetus during pregnancy. It can
realize the intrauterine growth and development of the twin
pregnancy during pregnancy and can more accurately de-
termine the gestational age. Visceral has an irreplaceable
position in the diagnosis and treatment process to detect
abnormal fetal growth and development in twin pregnancy
in time [7].

In addition to determining the site of pregnancy, judging
gestational age, and excluding pathological pregnancy, ul-
trasonography in early pregnancy can also determine the
number of fetuses, the chorionicity of multiple pregnancy,
and complications. It is very valuable information for di-
agnosing fetal growth imbalance, lays an anatomical basis for
future selection of intrauterine monitoring methods and
intervals, and has a positive significance for reducing
perinatal deaths. There are relatively many complications in
twin pregnancy, and its prognosis and treatment are still
issues that need attention in clinical work. In order to obtain
a satisfactory outcome of twin pregnancy, more effective
measures are still needed in clinical practice.

3. Prenatal Ultrasound Screening and
Prevention of Complications in
Twin Pregnancy

3.1. The Occurrence of Complications in Twin Pregnancy Is
Closely Related to Chorionicity. The incidence of twin
pregnancies is 1-2%, and the ratio of dichorionic to MC s 3:
1. Due to the specificity of MC, the pregnancy loss rate in the
first and second trimesters is higher compared to dichor-
ionic twins (DC). Therefore, in the routine examination of
twins, accurate judgment of chorionicity can help to find
twins in high-risk pregnancy, and close inspection and
observation can be carried out, and measures can be taken if
necessary. MC has higher prenatal and perinatal morbidity
than DC [8]. Since twins share the placenta, during the
process of placenta formation, blood vessels between the
twins form to communicate with each other [9]. When the
blood flow on the placenta is unbalanced, complications
such as twin-twin transfusion syndrome, intrauterine se-
lective growth restriction, twin reverse arterial perfusion
syndrome, and conjoined twins are prone to occur [10].
Therefore, accurate diagnosis of choriopathies during
pregnancy has very important guiding significance for
clinical practice.

Ultrasound examination is the most important means of
monitoring and managing the growth status of twins [11]. It
should be closely monitored and the frequency of ultraso-
nography should be increased if necessary. Transvaginal
ultrasound was enrolled at 6-10 weeks of gestation to ob-
serve the number of intrauterine gestational sac, germ sac,
and yolk sac [12]. The number of gestational sacs is equal to
the number of chorions. The early amniotic membrane is not
easy to observe, and the yolk sac shows earlier and more
clearly than the amniotic sac, so the number of amniotic sacs
can be judged according to the number of yolk sacs [13].
However, some scholars put forward a different view that the
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number of yolk sacs does not represent the number of
amniotic sacs, showing a yolk sac twins should continue to
follow up until the diagnosis of single amniotic sac [14].
Another reliable evidence is the use of pulse wave and color
flow doppler to see umbilical cord entanglement, which is
common in monochorionic monoamniotic twin pregnan-
cies, but it is not suitable for early ultrasound diagnosis
considering safety issues [15]. From 11-14 weeks of gesta-
tion, volume probe reexamination was enrolled for further
clarification. Observe whether the amniotic membrane is
separated between twins and the shape of the junction with
the placenta, whether it is a “T” shaped or a “twin peak” (or
“X” sign), the former is MC, which are DC. It has also been
reported in the past that the second and third trimesters can
be judged according to the sex of the two fetuses, the number
of placentas, and the thickness of the diaphragm. However, a
large number of practices have proved that the accuracy and
sensitivity of judging the chorionicity of twins in the second
trimester are lower than that in the early pregnancy. Ul-
trasound comparison was performed for confirmation. If
chorionicity cannot be diagnosed regardless of the evidence,
it is recommended that clinical consultation and treatment
should be carried out according to MC [16].

3.2. Risk Screening and Prevention of Premature Birth in Twin
Pregnancy. The rates of spontaneous and iatrogenic preterm
births in twin pregnancies are significantly higher than those
in singleton pregnancies, especially MC with comorbidities.
About 60% of twin pregnancies were delivered prematurely
before 37 weeks of gestation and 10% of twin pregnancies
were delivered prematurely before 32 weeks of gestation, 5.4
times and 7.6 times that of singleton pregnancies, respec-
tively [17]. The preterm birth prediction method is the same
as that of singleton pregnancy, mainly including the medical
history, determination of cervical length, and fetal FEN. It is
recommended to use transvaginal ultrasound measurement,
which has been proved to be a safe, reliable, and repeatable
measurement method [18]. Most studies have indicated that
a cervical length of less than 25 mm between 18 and 24 weeks
of gestation is the cutoff value for predicting preterm birth
[19]. Some scholars also believe that in asymptomatic twin
pregnancy, when the gestational age is less than 18 weeks, the
cervical length less than 30 mm has the highest predictive
value for preterm birth before 28 weeks, and the cervical
length measurement after the gestational week greater than
22 weeks is more valuable than 28-28 weeks. Preterm birth
at 36 weeks had the highest predictive value. Therefore,
cervical length measurement is recommended for twin
pregnancies before 18 weeks. In addition, in the population
of pregnant women with symptoms of preterm birth, the
accuracy of predicting preterm birth by cervical length is low
[20-23].

There is currently no effective way to prevent premature
birth in twin pregnancies. Methods such as bed rest, pro-
gesterone therapy, cervical pessary, or oral tocolytics do not
reduce the risk of preterm birth in these pregnant women;
however, progestin therapy may reduce the risk of neonatal
mortality and morbidity [24]. There is no evidence that
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cervical cerclage, which is well practiced in singleton
pregnancy, can prevent the occurrence of premature birth in
twin pregnancy. However, most of the current studies on
cervical cerclage in twin pregnancy are small sample studies,
suggesting that it is urgent cerclage which may reduce the
incidence of preterm birth in twin pregnancy and enhance
the neonatal survival rate, which needs to be supported by
randomized controlled studies with big data [25].

3.3. Risk Screening and Prevention of Twin-to-Twin Trans-
fusion Syndrome. 'The classic ultrasound findings of twin-to-
twin transfer syndrome (TTTSA) are as follows: the maxi-
mum thickness of the amniotic fluid of the donor child is less
than 2 cm, and the maximum diameter of the amniotic fluid
of the recipient child is greater than 8 cm; the bladder of the
donor child is small or even not full, while the recipient child
has a large bladder; occurs in monozygotic twins; the fetal
membranes overlap and the placenta lacks arterial-arterial
anastomosis [26]; and if the placenta belongs to the donor
part, the performance is thin and the echo is strong, while
the placenta belongs to the recipient part, the performance is
thick and the echo is reduced, and the boundary between the
two is often more obvious. Arterial-arterial anastomosis in
patients with TTTS has a better prognosis than those who
lack it, and arterial-arterial anastomosis seems to prevent the
occurrence of TTTS [27].

At present, the treatment options for TTTS include
expectant therapy, amniotic fluid reduction surgery, am-
niotic septostomy, fetoscopic laser coagulation of the
communicating branches of the placenta, selective tire re-
duction, and termination of pregnancy. The best treatment
for the diagnosis of TTTS before 26 weeks of pregnancy is
fetoscopic laser ablation, and there is evidence that laser
ablation has better pregnancy outcomes than amniotic fluid
reduction and amniotomy [28]. Some scholars believe that
Quintero’ I stage should be treated conservatively. Feto-
scopic laser ablation was not performed, and amniotic fluid
reduction after 26 weeks of gestation was an option. Re-
gardless of early diagnosis (before 16 weeks of gestation) or
later diagnosis (after 26 weeks of gestation), laser coagula-
tion is still the best form of treatment for TTTS, and TTTS
with a stage higher than stage III has a poor prognosis, with a
perinatal fetal loss rate of 70-100%, especially those less than
26 weeks of pregnancy [29]. The amniotic fluid reduction
surgery amniotic septostomy, because the operation will
increase the risk of premature fetal birth and other risks, is
currently and rarely used. However, neurological dysfunc-
tion is a serious long-term complication of TTTS regardless
of whether treatment measures are taken. In pregnancies
with TTTS, the incidence of neurological abnormalities after
laser coagulation was 5%, serial amniotic fluid reduction was
14%, and expectant treatment was 21% [30].

3.4. Risk Screening and Prevention of Selective Fetal Growth
Restriction (SFGR). SFGR is another common complication
of twin pregnancy, with an incidence of about 10-15%.
Different countries have different diagnostic criteria for
SFGR. Currently, the consensus is that one of the twins has

an estimated body mass less than the 10th percentile of the
corresponding gestational age and the difference between
the twins is greater than 25% [31, 32]. Differences in body
mass greater than 20% suggest adverse pregnancy outcomes.
The formula is (weight of larger fetus—weight of smaller
fetus)/weight of larger fetus. Estimates of fetal weight are
primarily derived from ultrasound measurements combined
with measurements of the head, abdomen, and femur [33].
SEGR is classified according to the performance of umbilical
artery end-diastolic blood flow [34]. Type I has lack of end-
diastolic blood flow and reverse umbilical artery; Doppler
waveform has positive end-diastolic blood flow, and the
survival rate is greater than 90%. Type II has persistent
absence and reversal of end-diastolic blood flow: high risk of
intrauterine stillbirth in one twin, delayed neuro-
development of the surviving fetus, and high incidence of
preterm birth. The absence and reverse of intermittent end-
diastolic blood flow in m-type SFGR leads to unpredictable
sudden death in 10-20% of small fetuses and neurological
sequelae in 20% of large fetuses.

There are not many reports on the application of SFGR
in MC, so there is a lack of high-level evidence to support the
application value of SFGR. The intervention plan for twin
pregnancy is mainly conservative treatment. In addition,
according to the specific conditions of the pregnant woman
and the fetus, early termination of pregnancy, laser ablation,
and fetal reduction can also be selected. For type I SFGR, the
treatment plan is mainly expectant treatment and timely
termination of pregnancy. For type II and type m SFGR,
factors such as the severity of the disease, gestational age, the
patient’s willingness, surgical risk, and the operator’s ex-
perience and skills should be considered comprehensively
[35].

3.5. Risk Screening and Prevention and Treatment of Twin
Anemia. Twin anemia-polycythemia sequence (TAPS) has
been rarely reported before, and its natural history and
effects on fetuses and neonates are still under study. The
natural incidence rate is as high as 5%, which often occurs
after 30 weeks of gestation, and the probability of TAPS after
secondary TTTS laser ablation is as high as 13% [36]. At
present, it is believed that the pathogenesis is that there are a
small number of small one-way arterial-venous anastomosis
vessels in the two fetuses, and there are no compensatory
arterial-arterial anastomosis vessels, resulting in chronic
low-velocity blood transfusion. However, the clinical
manifestations are diverse, which is the gold standard for
diagnosis. In addition, the placental echo and thickness are
different. The echo of the placenta of the donor fetus is
enhanced and the thickness is increased, while the placenta
of the recipient fetus has a thinner weak echo area. Due to
the decrease in the echo of the liver parenchyma and the
increase in the brightness of the portal vein wall, the “starry
sky” sign appears in the liver of the fetus with polycythemia.
With the aggravation of the disease, the blood-supplying
fetus may appear due to cardiac enlargement and edema
[37, 38]. Different severity of TAPS may lead to different
pregnancy outcomes in twin pregnancies. Severe TAPS can



have serious effects on the fetus, and it can cause intrauterine
death in twins. The effects of mild TAPS on the fetus are
manageable, and twins with this condition may still be born
healthy (unless there is a significant difference in hemo-
globin levels).

Experience in the treatment of TAPS is also very limited,
and management should be individualized. Common
methods include conservative management, early delivery,
laser ablation of the donor fetus and intrauterine blood
transfusion (IUT), combined donor fetal IUT, and donor
fetal exchange. Fetal ultrasound monitoring after TTTS
tetoscopic laser ablation is particularly important, mainly to
monitor the MCA-PSV of twins, and improved fetoscopic
laser ablation is the best method to prevent the occurrence of
TAPS [39].

3.6. Risk Screening and Prevention of Reverse Arterial Per-
fusion Sequence Syndrome in Twins. Twin reverse arterial
perfusion (TRAP) sequence sign, also known as acardiac
malformation sequence sign, is characterized by the pres-
ence of signs of reverse arterial blood supply or obvious
acardiac malformation mass supplied by normal fetal per-
fusion. Fetal transfusion syndrome, if not diagnosed and
treated in time, can lead to high-output heart failure, pol-
yhydramnios, and even intrauterine stillbirth in pumping
infants. The prognostic factors of blood pumping infants are
complex and are related to the fetal structure, growth and
development speed and blood flow, the structure of blood
pumping infants, the function of the heart and brain, the
nature of amniotic membrane between twins, the umbilical
cord, and the volume of amniotic fluid.

If the fetal blood flow is naturally blocked without
cardiac malformation in the natural course of the embryo,
and early ultrasound diagnosis and timely use of vascular
coagulation technology to reduce the fetus, there will be a
good prognosis [40].

4. New Technology and Development of
Prenatal Ultrasound Diagnosis of Twins

4.1. Development of Three-Dimensional Ultrasonography and
Its Application in Prenatal Diagnosis of Twins. Prenatal 3D
ultrasound imaging technology has developed rapidly in
recent years, and this technology relies on the advancement
of computer technology and image processing technology.
Compared with traditional 2D ultrasound imaging, the
application of 3D ultrasound imaging in obstetrics has
obvious advantages. Advantages are as follows: (1) stan-
dardization of ultrasound scanning: two-dimensional ul-
trasound obtains a cross-sectional image of the fetus, while
three-dimensional ultrasound obtains its stereoscopic ul-
trasound image database by scanning the region of interest,
so that ultrasound scanning can be programmed and
standardized; (2) intuitive image display: 3D ultrasound can
directly display the three-dimensional structure of the region
of interest, and 3D ultrasound provides a variety of display
modes: surface imaging can visually display the fetal body
surface structure; transparent imaging can clearly display the
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fetal spine and other skeletal structures; (3) overall shape and
continuity: multiplane imaging can observe the region of
interest from multiple angles and can quickly obtain the
plane required for diagnosis. Choose different display modes
and the cooperation of various modes according to your
needs, which especially provides an important basis for the
diagnosis of twins, which helps to enhance the diagnostic
information and improve the diagnostic accuracy; (4) ac-
curately locate the diseased tissue: 3D ultrasound imaging
can provide doctors with the spatial position and 3D shape
of the diseased tissue in the body, thus providing help for
intrauterine ultrasound-guided interventional treatment
operations; (5) accurate measurement: through 3D recon-
struction, it is easier to obtain the standard plane required
for measurement, thereby improving the accuracy of mea-
surement of structural parameters such as distance and
circumference; more importantly, 3D ultrasound can di-
rectly obtain the volume of irregular objects that cannot be
measured by 2D ultrasound and use 3D ultrasound to
measure fetal vital organs volume, which can effectively
evaluate the growth and development status of the fetus; and
(6) remote consultation, retrospective analysis of data, and
teaching: the stereoscopic image database obtained by 3D
ultrasound scanning can provide ultrasound slice maps
required for diagnosis and the images have a spatial rela-
tionship. After the patient leaves, the doctor can extract the
database information for repeated retrospective analysis or
through network for remote communication and
consultation.

4.2. Judgment of Chorionicity in Twins by Three-Dimensional
Ultrasonography. Two-dimensional ultrasound indicators
are not ideal such as twins with inconsistent sex or two
independent placentas can be diagnosed as DC on ultra-
sound, but it is difficult to determine chorionicity when the
sex is the same or the placenta is fused; two-dimensional
ultrasound measures the thickness of the septum. The in-
terobserver and intraobserver variabilities in judging cho-
rionicity are large, and it is difficult to accurately diagnose
chorionicity by this method in clinical practice [41]. In order
to enhance the diagnostic accuracy of twin choriocarcinoma
in the second and third trimesters, a combination of multiple
ultrasound indicators is currently adopted in clinical diag-
nosis, but the accuracy is still lower than that in the first
trimester. DC has a thicker septum consisting of two layers
of amniotic membrane and two chorionic membranes, while
MC has a thinner septum consisting of only two amniotic
membranes. These histological features contribute to the
production of preultrasound, which was used to determine
the chorionicity of twins by observing the thickness of the
septum. This cutoff value was the most accurate in diag-
nosing chorionicity regardless of whether two-dimensional
or three-dimensional ultrasound was used. Because MC are
prone to serious and special complications, the perinatal
mortality rate is higher than DC, and clinically, they are
more inclined to accept a slightly higher false-positive di-
agnostic method. Studies have indicated that in the second
and third trimesters of pregnancy, the sensitivity, specificity,
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and accuracy of measuring the thickness of the septum
between twins by three-dimensional ultrasonography are
higher than two-dimensional ultrasonography, that is, the
missed diagnosis rate and misdiagnosis rate of MC are the
same. This may be due to the inaccuracy and poor re-
peatability of the measurement results of the two-dimen-
sional ultrasound on the oblique image of the septal
membrane; while, the three-dimensional ultrasound tech-
nology reconstructs the three-dimensional image of the
septal membrane through the stored volume database, and
the septal membrane and the volume of the septum can be
observed from different angles and directions. The adjacent
relationship provides an opportunity to measure the
thickness of the septum vertically, and the most thickness
measurement point can be found by rotating the X, Y, and Z
axes, so the measurement results are more accurate. In the
middle and late pregnancy, H-dimensional ultrasound is
adopted to measure the thickness of the septum between
twins. The reliability of judging chorionicity is high and
repeatability is good. The research results of Seat et al. also
show that this method has high accuracy and good re-
peatability [42]. However, this method is also flawed. This
technique is affected by the sample size and gestational age.
It still has a certain misdiagnosis rate in judging chorionicity.
Therefore, its diagnostic accuracy varies with gestational age
and needs to be further studied. This operation method is
relatively cumbersome, but easy to learn and can be mas-
tered in a short time. There are several suggestions for
operation: select the 3D surface imaging mode and try to
make the direction of the sound beam perpendicular to the
septum; position the sampling frame on the sagittal plane of
the septum to collect 3D volume data; when analyzing the
obtained volume data, the transparency adjustment range is
set to 20-60, and the minimum threshold adjustment range
is set to 10-40. The h-dimensional image of the separation
film obtained at this time is more intuitive, vivid, and easy to
measure. In addition, by rotating the X, Y, and Z axes, the
separation film can be observed from multiple angles and the
best measurement position can be found, and then, the
measurement vernier can be placed on both sides of the
separation film for vertical measurement. It is feasible to use
three-dimensional ultrasound to measure the thickness of
the septum between twins in the second and third trimesters
of pregnancy to determine the chorionicity, and the accuracy
and repeatability are good.

4.3. Measurement of NT Value in Twins. Ultrasonography is
the only method for measuring fetal NT thickness at present.
The measurement of NT value in twins is particularly im-
portant. Increased NT values are often associated with twin-
twin transfusion syndrome, twin-twin arterial reflux syn-
drome, and twin-twin embolism syndrome. It has two
methods: transabdominal ultrasound and transvaginal ul-
trasound. Since transvaginal ultrasound cannot be accepted
by most people during early pregnancy in my country,
transabdominal ultrasound is often adopted in China. Two-
dimensional ultrasound is routinely adopted for NT mea-
surement during early pregnancy, and three-dimensional

volume data are not collected with any slice. During the
process, when fetal NT can be clearly observed, only after
three-dimensional rotation can the required midsagittal
section be obtained, and the NT thickness can be clearly
displayed. Meanwhile, the facial structure of the transverse
and coronal sections can be displayed through the B and C
planes to define whether the three-dimensionally rotated
slice is a standard midsagittal slice. Pau et al. believed that
three-dimensional ultrasound could be used to measure NT
[43]. They believe that it is feasible to use 3D ultrasonic
rotation technology to measure NT, and the thickness of NT
can be clearly displayed only in 3D acquisition. Ask the
examining doctor to have a certain degree of patience to find
the standard measurement section. After 3D thermal volume
sampling, the 11]I or 3DXI technology of 3D ultrasound can
also be adopted for data postprocessing. It can display
multiple images on the same plane with a difference of
0.1 mm between each image, which saves relative savings in
the process of finding the midsagittal section. Many scholars
have been arguing whether 3D ultrasound can be adopted
for NT measurement. The early 3D ultrasound instruments
had low resolution, and the obtained 3D images were blurry,
so accurate measurements could not be performed, and 3D
ultrasound can clearly show structures that were not pre-
viously visible. This also makes it possible to measure NT
using three-dimensional ultrasound.

4.4. 3D Contrast-Enhanced Ultrasound. In recent years,
three-dimensional contrast-enhanced ultrasound technol-
ogy has been widely used in the diagnosis of various diseases.
This technology has been used in the prenatal diagnosis of
twins and has progressed rapidly and achieved good ap-
plication results. At present, some scholars use this tech-
nology, which makes it possible to observe the whole process
of arterial perfusion without and reverse in real time. After
the contrast agent is injected, the perfusion sequence is
exactly the blood perfusion sequence: the umbilical vein of
the pumping child — the body of the pumping child —
the umbilical artery of the pumping child — the placenta
(arterial anastomosis) — the umbilical artery of the fetus
without heart malformation — the body of the heart
malformation — heartless malformed fetal umbilical vein
— placenta (vein and vein anastomosis) a pumping child
umbilical vein. It confirms the characteristics of heartless
reverse arterial perfusion circulation, which is consistent
with the theory of “arterial perfusion reverse perfusion”
generally accepted. It is reported in the literature that there is
a remnant heart beat in the chest cavity of acardiac mal-
formation during routine ultrasound examination. Angi-
ography confirmed that the heart remnant has no blood
pumping function. Only a little blood flow signal and
pulsating blood flow spectrum in the remnant heart can be
noticed. By observing the heart rate inconsistent with the
vascular pulsation frequency, its blood circulation is still
dependent on pumping blood.

Conclusively, ultrasound plays a very important role in
the prenatal diagnosis of twins, especially the application of
three-dimensional ultrasound, which has opened a new



chapter in the prenatal diagnosis of twins, although three-
dimensional ultrasound can also form artifacts such as
motion, but the three-dimensional or four-dimensional
STIC technology has an important application value in the
convenience of fetal cardiac ultrasonography. Three-di-
mensional ultrasonography and STIC technology have their
unique advantages and provide more accurate information
for prenatal diagnosis of twins, and it is believed that the
development prospect is broad.
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