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Abstract

As the frequency of multiple pregnancies is increasing, every obstetrician has to know
that the correct, accurate, and timely determination of gestational age, chorionicity, and
amnionicity has significant importance in the management of a multiple pregnancy.
Surveillance, complications, outcome, morbidity, and mortality are totally different in a
monochorionic and a dichorionic pregnancy. In this chapter, we will present the sono-
graphic figures that are visualized in the first trimester in a multiple pregnancy and help
us define the gestational age, chorionicity, and amnionicity. We will classify them into
two periods: the early first trimester, including the 10 first weeks of gestation and the
late first trimester including the period between the 10th and 14th week of gestation.
Finally, we will review some interesting, although infrequent, cases from the literature,
showing that pitfalls in the determination of both chorionicity and amnionicity exist and
highlighting the importance of being aware of their subsistence.

Keywords: multiple pregnancy, early ultrasound assessment, gestational age,
chorionicity, amnionicity

1. Introduction

It is a well-established fact that multiple pregnancies occur more commonly nowadays than a
few decades ago. The progress of reproductive technologies and in vitro fertilization has played
a major role in this increase. In fact, twins comprise about 3% of all live births in the United
States [1]. As we speak about history, the vast majority of multiple pregnancies that occurred
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in the past were diagnosed during the intrapartum period [2]. Today, as the use of ultrasound
has become a routine in daily medical practice, multiple pregnancies are diagnosed in the
initial ultrasound scan [3]. Beyond the diagnosis of early multiple pregnancy, ultrasound scan
is more than necessary to define chorionicity, amnionicity, and gestational age [4].

In this chapter, we will present the ultrasound figures that help us determine gestational age,
chorionicity, and amnionicity, focused on the 14 first weeks of gestation in multiple preg-
nancies. We will also focalize the discussion on twin pregnancies, as they comprise >98% of
multiple pregnancies and the vast majority of studies today include twin pregnancies [4].
Nonetheless, we will review some cases from the literature that show that situations can be
a little more complicated and may lead to a false diagnosis of chorionicity and amnionicity,
in order to highlight that when we manage multiple pregnancies, we have to be alert about
exceptions despite being infrequent [5].

A twin pregnancy can be either dizygotic (two-third of twin pregnancies), in which two dif-
ferent eggs are fertilized by two different sperms, and in this case, the pregnancy is always
dichorionic-diamniotic or monozygotic. A monozygotic pregnancy occurs when an egg is
fertilized by one sperm, producing one embryo, which can split any time, more commonly
between day 2 and day 13 after fertilization. Chorionicity and amnionicity are differentiated
by the timing of embryo splitting. Table 1 presents this differentiation and the frequency of
each type of a monozygotic pregnancy [3].

2. Defining gestational age

The accurate determination of gestational age is critical for pregnancy management as it
shows wherever the measurements of the fetus are in line for the estimate gestational age [4].
In addition, a correct pregnancy dating is necessary not only for the appropriate timing for
screening and diagnostic testing but also for optimal scheduling of delivery [6]. For women
with regular cycles, the date of the last menstrual period is used to estimate gestational age,
taking into account the biological variability and correct the cycle length. For IVF pregnancies,
the date of the embryo transfer has been used to define pregnancy dating. The vast majority
of authors embraced with multiple pregnancies agree that during the second trimester the
evaluation of gestational age is more accurate and it is statistically superior to the second
trimester [4]. Moreover, there is an agreement that the parameters and formulas that have
been used for dating singleton pregnancies are also accurate for dating multiple pregnancies,
since studies in this area include a combination of singleton and multiple pregnancies [7-9].

Time of embryo splitting (in days) Chorionicity Amnionicity Frequency (%)
2-3 Dichorionic Diamniotic 30
3-8 Monochorionic Diamniotic 70
8-13 Monochorionic Monoamniotic <1

Table 1. How the chorionicity and amnionicity are differentiated by the timing of the embryo splitting in monozygotic
twins (Table is modified from Simpson L, 2015 [6]).
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In the first trimester —before the 14th week of gestation—crown-rump length (CRL) is the
parameter that is used in order to estimate gestational age with 5-7 days of deviation [7-9]. If
there is a doubt about the reliability of the menstrual cycle or if the woman is administrated
late for care, a repeat scan in 3-4 weeks can be helpful to determine pregnancy dating [10].

Modest size discordance is very common in multiple pregnancies [4]. Some studies suggest that
pregnancy dating must be defined by using the mean of the fetuses [11]. However, more recent
studies agreed that if the gestational age is based on the CRL of the larger twin, the possibility of
missing a fetus that might develop intrauterine fetal growth restriction (IUGR) is decreased [12].
Salomon et al. [13] suggested that the CRL of the smallest fetus can estimate more accurately the
gestational age, if the intertwin CRL discrepancy is less than the 95th percentile, using charts from
studies. An interesting finding is that if the intertwin discordance in CRL is higher than 10%, the
possibility of pregnancy loss, aneuploidy, or congenital anomalies is increased [3, 14, 15].

In the second trimester, a combination of parameters is used to define pregnancy dating such
as abdominal circumference, femur length, and biparietal diameter [8]. Further discussion
about calculating gestational age in second trimester is beyond the scope of this chapter.

3. Defining chorionicity and amnionicity

Early and accurate definition of chorionicity and amnionicity has an undeniably determi-
nant role in the management of multiple pregnancies, since chorionicity plays a key role in
the appearance of complications: monochorionic-monoamniotic twins present the highest
mortality and morbidity. There is no doubt that the continuous surveillance and the timely
intervention can optimize the outcome of the pregnancy [4].

The determination of chorionicity and amnionicity is better to be done in the first trimester [4].
If chorionicity is defined in the first trimester, accuracy is extremely close to 100% and if the
definition is carried out in the second trimester, correct assignment decreases to 90% [16, 17].

At this point, we will classify the determination based on gestational age, separated in two
periods: the first before the 10th week of gestation and the second that includes the period from
week 10 to week 14.

3.1. Before 10 weeks of gestation

Three ultrasound findings can help in the detection of chorionicity: These are (1) the number
of observable gestational sacs, (2) the number of amniotic sacs within the chorionic cavity, and
(3) the number of yolk sacs [4].

3.1.1. Number of observable gestational sacs

The number of the gestational sacs and the number of fetal heartbeats in early multiple preg-
nancy scan are strongly related with chorionicity: each gestational sac will form a distinct pla-
centa and chorion. Therefore, visualization of a single gestational sac with two visible heart
beats indicates a monochorionic twin pregnancy, while the presentation of two distinctive
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gestational sacs implies a dichorionic pregnancy (Picture 1) [18]. The number of gestational
sacs is the parameter with the highest accuracy to define chorionicity which is extremely close
to 100% [16].

3.1.2. Number of amniotic sacs within the chorionic cavity

Identification of the number of amniotic sacs present in a single gestational sac helps define
amnionicity in a monochorionic pregnancy. Prior to the 10th week of gestation, the amnions
grow outward from the embryonic disk and at that age are not big enough to contact each
other and create the intertwin septum [4]. As a result, separate and distinct amnions indicate
a diamniotic twin pregnancy (Pictures 2a, b and 3a, b). The evaluation of the amnion should
be done diligently via transvaginal ultrasound since the intertwin membrane is extremely
thin and it may be invisible via transabdominal ultrasound. Even when the separate amni-
ons cannot be visualized via the transvaginal ultrasound, their absence can be confirmed by
demonstrating umbilical cord enlargement by using pulsed wave Doppler and identifying
two distinct heart rates [3]. In addition, the impossible visualization of the intertwin mem-
brane may be technical: if the membrane is parallel to the ultrasound beam or because the
ultrasound gain is low, the membrane may be hard to evaluate. This problem can be solved
by changing the angle of insonation and increasing gain facilitates visualization [5]. Another
way to confirm amnionicity, wherever there is any doubt about the presence of the intertwin
membrane, is to suggest a small chain of repeat scans [4].

However, is evaluation of intertwin membrane always that simple? There are two rare yet
important situations that may lead to a false diagnosis of monoamniotic twins. The first case

Picture 1. Dichorionic diamniotic pregnancy at 5 weeks of gestation. The two separate gestational sacs with one yolk sac
each are visible and a thick septum separates them.
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Picture 2. (a) 3D imaging of dichorionic diamniotic pregnancy at 6 weeks of gestation. (b) 3D imaging of dichorionic
diamniotic pregnancy at 6 weeks of gestation.

is when the monochorionic-diamniotic twins are complicated with twin-to-twin transfusion
syndrome (TTTS) the donor twin has severe oligohydramnios or anhydramnios, and the
intertwin membrane collapses resulting in wrapping the donor twin. The collapse of the mem-
brane can be overtaken if we evaluate extremely carefully the wrapping membrane around
the limbs of the donor twin. A possible rupture of the intertwine membrane is another case
that may lead to “pseudo-MA” twins. Rupture of the membrane may occur spontaneously,
but more often is a complication of invasive in utero procedures. Discontinuity of the mem-
brane and cord enlargement can be visualized on the ultrasound scan. Other facts helping
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Picture 3. (a) Dichorionic diamniotic pregnancy with one of the pregnancies having miscarried. The size of the empty sac
has been measured. (b) 3D imaging of DCDA pregnancy in which one of the sacs appears “empty” due to miscarriage.

in the identification of the membrane rupture are the location of the fetuses in the same side
of the warped membrane, the equal quantity of amniotic fluid in both sides of the dividing
membrane in a pregnancy, which was complicated with TTTS, and of course a previous diag-
nosis of a monochorionic-diamniotic twin pregnancy [5].
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3.1.3. Number of yolk sacs

Over the past few years, there is an uncertainty regarding the relation between the number of
yolk sacs and amnionicity. If there are two yolk sacs present in the extraembryonic coelom, the
pregnancy will be regarded as diamniotic. However, a single yolk sac cannot set the definitive
diagnosis of a monoamniotic pregnancy. This is well-established since it is known that the dif-
ferentiation of a yolk sac and an amnion occur very close to each other in time, around 6-8 days
after fertilization [5]. If a single yolk sac is detected, a repeat first trimester scan is undertaken, or
a refer to a tertiary center with advanced experience in multiple pregnancies can be helpful [3, 4].

3.2. 10th-14th week of gestation

As the pregnancy continues, the ultrasound signs that help in the determination of chorionicity
and amnionicity are changing: gestational sacs are now fused and the intertwin membrane is
formed. As a result, four other ultrasound figures set the diagnosis of chorionicity and amni-
onicity. These are: (1) sex discordance, (2) distinct placentas number, (3) intertwin membrane
characteristics and (4) chorionic peak sign—'A” sign.

3.2.1. Sex discordance

If a male and a female fetus are identified in the late first or early second trimester, a dicho-
rionic twin pregnancy is the rule. However, gender discordance is the biggest pitfall for the
diagnosis of chorionicity. Discordant fetal sex phenotype can be present in monochorionic
twins, leading to a false diagnosis of dichorionic twins.

A false diagnosis of dichorionic twins might be the result of a postzygotic sex chromosome
aneuploidy. For instance, there is a 46,XY zygote which splits, but a postzygotic anaphase
lag can cause the loss of the Y chromosome in one of the twins. The karyotype of one of the
fetuses will be 46,XY which corresponds to a normal male fetus, while the other karyotype
will be 45,XO which is a female fetus with Turner syndrome (Figure 1). If we want to take
our example a step forward, postzygotic nondisjunction after the anaphase lag can lead to
mosaicism in the monozygotic twins leading to two embryos with a variety of proportion
of 45,XO and 46,XY cells. The phenotype of this individual will correspond to the amount of
cells having the abnormal karyotype (Figure 2) [19, 20].

A sex discordance in monozygotic twins can also be caused by a trisomic 47, XXY zygote.
A process known as trisomy rescue can lead to either the production of a normal 46,XY
male fetus (loss of X chromosome) or a normal 46,XX female fetus (loss of Y chromosome)
Hence, this mechanism causes the production of two euploids fetuses from a trisomic zygote
(Figure 3) [21]. In addition, confusion might be caused if a 46,XY zygote splits with nondis-
junction of the Y chromosome, producing a male fetus with a 47,XYY karyotype and a female
fetus with a 45,XO karyotype, Turner syndrome, and female sex phenotype (Figure 4) [22].

Beyond sex chromosome abnormalities, sex discordance may be the result of epigenetic single
gene defects in only one of the monoygotic twins, effecting testis-determining genes such as
SOX9 which inhibits the expression of SRY gene [23, 24].

69
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Figure 1. Postzygotic anaphase lag causing sex discordance due to loss of Y chromosome in one of the fetuses.

Figure 2. Postzygotic nondisjunction leading to both fetuses with gonadal mosaicism.

Nonetheless, sex discordance may be caused by malformed genitalia unrelated to chromosomal
or genetic disorders. It is well established that a monochorionic twin pregnancy is complicated
frequently with selective growth restriction [25], and hypospadias is a known complication of
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Figure 3. Trisomy rescue.

IUGR [26, 27]. As hypospadias might lead to female sex phenotype, confusion about chorionic-
ity is expected, as the IUCR male fetus will present with female external genitalia, while the
normally developing twin will be present as a normal male fetus. Cloacal malformation in one
of the female fetuses (karyotype 46,XX) leads to phallus-like structure, causing phenotypically
male external genitalia. The outcome is again confusion of chorionicity [28].

A very rare mechanism can cause the transverse situation: a dizygotic twin pregnancy is
been diagnosed as monochorionic because of the fusion of the trophoblasts. Two distinct
blastocysts produce two distinctive trophoblasts. If these trophoblasts fuse before the
implantation, the result is the creation of a placental mass. The fused placenta will form
vascular anastomoses, and the twins can exchange blood cells. As a result, blood chimerism
of two populations of blood cells will be present in both fetuses [29, 30]. This mechanism is
present more frequently in pregnancies carried out from ART because of the disruption of
the zona pellucida and spatial proximity of multiple embryos [29, 31]. Dizygotic twins form-
ing a monochorionic placenta have significant importance because these twins are geneti-
cally and phenotypically normal and they have to be distinguished from the pathological
sex discordance [5].
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Figure 4. Nondisjunction of chromosome Y.

3.2.2. Number of distinct placentas

It is logical that the visualization of two separate placental masses confirms dichorionicity as a
single placenta identifies monochorionicity [4]. Careful ultrasound evaluation has to be done
in order to define the presence of a single placenta or two placentas in abutment.

As the pattern above, monochorionic twins may form a bipartite placenta. This sonographic
finding is visible in 3% of monochorionic twin pregnancies. As a result, two separated pla-
cental masses are present with two nearly equal-sized placental lobes, which can be totally
separated or connected by chorion laeve. Things can be more complicated when each pla-
cental mass has its own umbilical cord connection. Bipartite placenta can be distinguished
from the dichorionic placental masses by using color Doppler and identifying vascular anas-
tomoses that are present between the two lobes. Thus, this leads to the conclusion that if an
ostensibly dichorionic pregnancy is complicated with TTTS, the diagnosis of a monochorionic
pregnancy with bipartite placenta has to be considered [32-35].
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3.2.3. Intertwin membrane characteristics

The intertwin membrane of a dichorionic pregnancy comprises three layers of three mem-
branes: amnion-chorion-amnion, as the monochorionic pregnancy consists only two layers of
amnion. Therefore, intertwin membrane in a dichorionic pregnancy is thicker and more echo-
genic than the intertwin membrane in monochorionic pregnancies. Measuring the thickness
of the membrane can help us define chorionicity: a membrane thicker than 2 mm indicates
dichorionicity (positive predictive value: 95%), and if the membrane is thinner than 2 mm, the
possibility of monochorionic pregnancy is about 90% [4].

The intertwin membrane has to be carefully detected and if it cannot be visualized, a transvaginal
ultrasound scan has to be performed, to set the definitive diagnosis of monoamniotic pregnancy
[4]. When a single placental mass is visualized and chorionicity is identified as monochorionic,
evaluation of the intertwin membrane characteristics is the key to determine amnionicity. The
most significant sonographic figure that demonstrates monoamniocity is the demonstration
of cord enlargement from the placental or umbilical origin and it is identified easier via color
Doppler. Other important findings intimating monoamnionicity are the entanglement of limbs
or observation of a limb circumscribing the other, the failure to find the membrane between the
two cord insertions in the placenta [4], and the short intercord distance [5].

However, intertwin membrane thickness difference between monochorionic and dichorionic
pregnancy decreases during gestation [36]. In addition, the measurement of the thickness of
the membrane is not widely accepted since this parameter can be affected by many factors such
as the position and the quality of the probe, and as a result, it has poor reproducibility [37]. A
rare but significant pitfall may lead to a wrong determination of a monochorionic pregnancy
as dichorionic is the intrauterine synechiae in twin pregnancy with a fetus with anencephaly.
Intrauterine synechiae can mimic the thick dichorionic membrane [38]. This septum is not the
intertwin membrane and does not include the layer of chorion between the layers of amnion.

3.2.4. The chorionic peak sign —the “A” sign

The chorionic peak sign or the “A” sign supports strongly dichorionicity, with an accuracy
of 99% [5]. It shows a projecting zone of tissue which is as echogenic as the placenta; it has
a triangular shape in cross-section; and it is wider at the chorionic surface of the placenta,
extending into, and tapering to a point within, the intertwin membrane [39, 40]. The absence
of the “A” sign or the presence of “T” sign indicates monochorionicity. The “T” sign represents
the two opposing amnions “standing” at the base of the intertwin membrane [10].

The chorionic peak sign is ideally evaluated during the late first trimester or the very early
second trimester, as in second trimester, it is more difficult to be visualized and it might be
disappeared at 1620 weeks of gestation, leading to a false negative “A” sign. As a result, the
impossible depiction of the “A” sign in late second trimester cannot exclude dichorionicity
[41, 42]. Nonetheless, a false positive “A” sign might also exist. This can be due to umbilical
cord insertion into the intertwin membrane or because of the visualization of a hematoma
presented along the insertion of the membrane. Another interesting reason that may lead to
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a false positive “A” sign is the presence of an echogenic retrograded yolk sac of the placental
junction of the intertwin membrane in a monochorionic-diamniotic twin gestation. The sono-
graphic finding that succors determinate the true “A” sign is that the true “A” has been seen
along with the whole insertion area, in contrast to the false “A” sign, which appears in only a
small region of the intertwin membrane [43, 44]. Finally, in very rare instances, the placenta-
tion may be both monochorionic and dichorionic, and each chorionicity is presented in dif-
ferent regions of the intertwin membrane. Therefore, the same intertwin membrane has parts
with two layers of amnions and parts with three layers: amnion-chorion-amnion [45—47]. This
situation shows the importance of scanning the whole insertion of the intertwin membrane in
early ultrasound assessment of multiple pregnancy.

In some cases and despite the best possible ultrasound assessment, chorionicity is impossible to
be defined. In these situations, the pregnancy has to be considered as monochorionic. Therefore,
surveillance has to be as close as in monochorionic pregnancies [45], and this is discussed below.

4, Surveillance

Surveillance in multiple pregnancies has a significant importance, as it plays the major role
in the detection of complications that are associated with a high-risk pregnancy, and it is well
known that multiple pregnancy is a classic example of a high-risk pregnancy. However, the
appropriate frequency of the ultrasound assessment in both dichorionic and monochorionic
pregnancies, which provides the best balance between cost and effectiveness, is not be estab-
lished and worldwide accepted [3].

4.1. Dichorionic pregnancies

Finberg et al. [46] suggested repeat scans every 4-6 weeks for noncomplicated dichorionic preg-
nancies. However, in current daily medical routine, surveillance is closer: follow-up ultrasound
assessments are performed every 3—4 weeks [4, 47]. But, if a complication is suspected, and more
specifically when CRL, estimated fetal weight or amniotic fluid volume are different between
the two fetuses, routine scans have to be repeated every 2 weeks, or within a week [48].

4.2. Monochorionic pregnancies

It is a well-established fact that surveillance in monochorionic pregnancies has to be closer in
relation to a dichorionic pregnancy. Finberg et al. [46] recommended ultrasound monitoring
for noncomplicated monochorionic twins every 3—4 weeks. As the pattern mentioned previ-
ously, nowadays, routine scans are performed more frequently: they are performed every
2-3 weeks, starting from the gestational age of 16 weeks. Finally, in some cases, surveillance
is even closer: a follow-up scan can be repeated every 2 weeks.

The parameters that are necessary to be evaluated in these follow-up scans are estimated fetal
weight and fetal biometry, amniotic fluid volume, and Doppler assessment of the umbilical
artery [49].
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5. Conclusion

There is no doubt that multiple pregnancies are now more frequent than a few years before,
due to the spreading of artificial reproductive technologies. Determination of gestational
age, chorionicity, and amnionicity has to be done as soon as possible and ideally in the
first tri-mester of the pregnancy, as the accuracy of the determining sonographic figures is
extremely close to 100%, in contrast to the definition in the second trimester whose accuracy
is slightly decreased. Last but not least, timely determination of both chorionicity and
amnionicity can optimize the outcome of the pregnancy, as the correct and early
intervention or a refer to a tertiary center could be really valuable.
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Chapter

Assessment of Fetal Gestational
Age in the First Trimester

in Normal and Abnormal
Pregnancies: Which Sonographic
Parameter to Use?

Hong Soo Wong

Abstract

To compare the correlation of various fetal ultrasound parameters to foot length,
crown-rump length, and gestational age by date to determine the best estimate
at 10-14 completed weeks’ gestation and to provide ratios of fetal parameters for
assessment of fetal abnormalities in the first trimester. 35 routine obstetric scans
were performed at 10-14 completed weeks’ gestation for fetal parameters and ratios.
The fetal crown-rump length (CRL), biparietal diameter (BPD), head circumference
(HC), abdominal circumference (AC), and femur length (FL) showed a linear cor-
relation with the estimated gestational age by date (GA), crown-rump length (CRL),
and foot length (FT) (p < 0.001), with the least correlation observed with GA and
highest with FT. A combination of BPD, HC, AC, and FL correlated best with FT and
then CRL and GA (R? = 0.881, 0.795, and 0.685, respectively, p < 0.001). With the
addition of CRL, R* was 0.859. The ratio of FL/AC and FL/FT to FT, CRL, GA, BPD,
and HC increases in an inverse relationship at 10-14 completed weeks’ gestation. The
combination of BPD, HC, AC, and FL provides a better estimation of gestational age
than (and hence may replace) CRL or GA at 10-14 weeks’ gestation.

Keywords: ultrasonography, fetus, pregnancy, first trimester, prenatal diagnosis

1. Introduction

The fetal foot is one of the first structures identifiable early in the human
embryos. At the end of the fourth week of embryonic development, the limb buds
appear as outpouchings from the ventrolateral body wall. At 6 weeks, the terminal
portion of the limb buds flattens to form the hand- and footplates and becomes
separated from the proximal segment by a circular constriction. It is known that
the development of the lower limbs is similar to the upper limbs and lags by only
1-2 days. By 8 weeks (or 56 days), the digital separation is already complete. The
fingers and the toes are distinct and separated in the hands and feet [1, 2]. In
another word, the fetal hands and feet would be recognizable as distinct formed
structures by 8 weeks of embryological development or 10 weeks by the last men-
strual period (LMP) according to a 28 day cycle.
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About a century ago, Streeter reported a linear correlation between gestational
age and foot length in 704 human fetal specimens from around 50 days post-
conception until birth [3]. This linear correlation has been confirmed by studies on
live fetuses in utero on transabdominal [4-6] or transvaginal scans [7] or on dead
fetuses at abortion [8-10] or stillbirth [11, 12], and nomograms have been devel-
oped for assessment of fetal gestational age with foot length (FT) from the first
trimester to later gestation. Hence, fetal foot length could by itself stand as a proxy
for gestational age even in early pregnancy.

Conventionally, crown-rump length (CRL) is used as the reference parameter
for assessment of fetal gestational age in the first trimester ultrasound scan [13, 14].
It has been suggested that the ultrasound measurement of the crown-rump length
in the embryo or fetus is the most accurate method to establish or confirm ges-
tational age in the first trimester up to 13 + 6 weeks [14]. The use of routine first
trimester ultrasound scan has been shown to be associated with a reduction in
induction of labor for post-term pregnancy [15]. However, there is little informa-
tion on the comparison of other fetal parameters including biparietal diameter
(BPD), head circumference (HC), abdominal circumference (AC), femur length
(FL), and foot length to CRL in the assessment of gestational age in early gestation
[16]. This information may be important for the assessment of fetal gestational age
in the first trimester and subsequent management of pregnancy.

In order to ascertain the performance of various parameters in assessment
of gestational age in the first trimester, in this chapter, the correlation between
FT, CRL, and gestational age assessed by date (GA) will be compared from 10 to
14 weeks gestation. The correlation of the other fetal parameters (BPD, HC, AC,
and FL) will also be compared to GA, CRL, and FT. Moreover, the ratio of some of
these parameters will also be calculated and presented, as the availability of such
ratios may be helpful when fetal abnormality is suspected on ultrasound examina-
tion in early pregnancy [17-19].

2. Method and material

Transabdominal ultrasound examination was performed as a part of routine
antenatal assessment for women attending an obstetric clinic at a gestation of
10-14 + 6 weeks from March 7, 2014, to September 7, 2016 (Accuvix V20 Prestige,
Medison with 4-8 MHz volumetric transducer or EPIQ 7, Philips with X6-1
matrix transducer). The following fetal measurements were taken prospectively:
crown-rump length (CRL), biparietal diameter (BPD), head circumference (HC),
abdominal circumference (AC), femur length (FL), and foot length (FT). Only
pregnancies with normal outcomes were included in the analysis and excluded if
the entire foot could not be clearly seen during the ultrasound examination. The
fetal foot length was measured from the most posterior point of the foot in its
long axis to the tip of the first or the second toe whichever was longer (Figure 1).
The estimated gestational age in weeks (GA) was calculated either from the last
normal menstrual period (LMP) or from the first trimester dating scan if there
was a discrepancy of more than a week [14]. This was a retrospective analysis
involving minimal risk, conforming to the standards established by the NHMRC
not requiring ethical review; ethics approval was therefore not sought within the
institution [20].

Results for 35 ultrasound scans were analyzed with SPSS statistical package
version 20 (SPSS Inc., Chicago, IL, USA). A two-sided probability (p) value of
<0.05 was considered statistically significant. The regression models for the fetal
measurements were obtained and would be presented in the relevant sections.
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Figure 1.
Fetal foot on first trimester ultrasound scan.

3. Results
3.1 Demographic characteristics

The mean age, gravidity, and parity were 32.0 years, 2.3, and 0.7, respectively
(Table1). A total of 32 out of the 35 women were Asians (91.4%) and 3 were
Caucasians (8.6%).

3.2 Comparison of the correlation between FT, CRL, and GA

The correlation of foot length, crown-rump length, and the gestational age
assessed by date are shown in Figures 2-4 and tabulated in Table 2. FT, CRL, and
GA all showed positive correlation with one another in a linear fashion (p < 0.001)

Mean * S.D. Range
Age (years) 32.0+46 21-44
Gravidity 23+15 1-8
Parity 0.7+0.7 0-3

SD, standard deviation.

Table 1.
The demographic date of the pregnant women included in the study.
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Figure 2.

The graph of fetal foot length against gestational age assessed by date. FT = GA x 2.472-19.44. R* = 0.675,

p < 0.001. FT, foot length (mm); GA, gestational age assessed by date (weeks); R?, coefficient of determination
of regression; p, probability.

Figure 3.

The graph of fetal crown-rump length against gestational age assessed by date. CRL = GA x 10.464—64.682.
R? = 0.608, p < 0.001. CRL, crown-rump length (mm); GA, gestational age assessed by date (weeks);

R?, coefficient of determination of regression; p, probability.

(Figures 2-4). The coefficient of determination of regression (R?) was the highest
between FT and CRL (0.804), lower between FL and GA (0.675), and the lowest
between CRL and GA (0.608) (Table2).

3.3 Comparison of the correlation of BPD, HC, AC, and FL to FT, CRL, and GA

The correlation of BPD, HC, AC, and FL with FT, CRL, and GA is shown in
Figures 5-7, 8-10, 11-13, and 14-16, respectively, and summarized in Table 3.
Correlation in a linear fashion is seen for all (p < 0.001). Overall, the correlation
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Figure 4.
The graph of fetal foot length against crown-rump length. FT = CRL x 0.187-1.074. R* = 0.804, p < 0.001.

FT, foot length (mm); CRL, crown-rump length (mm); R?, coefficient of determination of vegression; p,

probability.

Parameters FT CRL GA

R’ P’ R’ p' R’ P’
FT - - 0.804 <0.001 0.675 <0.001
CRL 0.804 <0.001 - - 0.608 <0.001
GA 0.675 <0.001 0.608 <0.001 - -

FT, foot length (mm); CRL, crown rump length (mm); GA, gestational age assessed by date (weeks); R, coefficient of
determination of linear regression; p, probability; 1, ANOVA; %, statistically significant.

Table 2.
The correlation between fetal foot length, crown-rump length, and gestational age assessed by date.

Figure 5.
The corvelation of fetal biparietal diameter with foot length. BPD = FT x 1.131 + 8.748. R” = 0.884, p < 0.001.
BPD, biparietal diameter (mm); FT, foot length (mm); R?, coefficient of determination of vegression; p,

probability.
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Figure 6.

The corvelation of fetal biparietal diameter with crown-rump length. BPD = CRL x 0.239 + 5.78. R* = 0.793,
p < 0.001. BPD, biparietal diameter (mm); CRL, crown-rump length (mm); R?, coefficient of determination
of regression; p, probability.

Figure 7.

The correlation of fetal biparietal diameter with gestational age assessed by date. BPD = GA x 3.01—15.967.
R? = 0.693, p < 0.001. BPD, biparietal diameter (mm); GA, gestational age assessed by date (weeks);

R?, coefficient of determination of regression; p, probability.

of BPD, HC, AC, and FL with FT was the highest, lower with CRL, and the lowest
with GA (Table 3).

3.4 Comparison of combination of fetal parameters

The correlation of combinations of fetal parameters to FT, CRL, and GA is shown
in Table 4. The highest correlation was seen between the combination of [BPD,
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HC, AC, and FL] and FT (R® = 0.881, p < 0.001), followed by correlation to CRL

(R* = 0.795, p < 0.001), and the least with GA (R* = 0.685, p < 0.001). The addition of
CRL to the combination yielded a lower R” value of 0.859. However, the correlation of

the combination, with or without FT, to CRL yielded the same R? of 0.795 (p <0.001).
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Figure 8.

The correlation of fetal head civcumference with foot length. HC = FT x 3.932 + 36.257. R* = 0.897, p < 0.001.
HC, head civcumference (mm); FT; foot length (mm,); R?, coefficient of determination of regression;

p, probability.

Figure 9.

The correlation of fetal head circumference with crown-rump length. HC = CRL x 0.869 + 23.646. R* = 0.834,
p < 0.001. BPD, biparietal diameter (mm,); CRL, crown-rump length (mm); R?, coefficient of determination
of regression; p, probability.
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Figure 10.

The corvelation of fetal head circumference with gestational age assessed by date. HC = GA x 10.488-49.951.
R? = 0.706, p < 0.001. HC, head civcumference (mm,); GA, gestational age assessed by date (weeks);

R?, coefficient of determination of regression; p, probability.

Figure 11.

The correlation of fetal abdominal civcumference with foot length. AC = FT x 3.639 + 24.905. R* = 0.903,

p < 0.001. HC, head civcumference (mm); FT, foot length (mm); R?, coefficient of determination of vegression;
p» probability.

The combination, in comparison to FT or CRL alone, gave a higher correlation
to GA (compare to Table 2). However, the correlation of the combination of [BPD,
HC, AC, and FL] or FT alone to CRL yielded a similar R? (0.795 vs. 0.804, compare
Table 4 to Table 2).



Assessment of Fetal Gestational Age in the First Trimester in Normal and Abnormal Pregnancies...
DOI: http://dx.doi.org/10.5772/intechopen.82746

Figure 12.

The corvelation of fetal abdominal circumference with crown-rump length. AC = CRL x 0.717 + 18.686.

R? = 0.811, p < 0.001. AC, abdominal civcumference (mm); CRL, crown-rump length (mm); R?, coefficient of
determination of regression; p, probability.

Figure 13.

The correlation of fetal abdominal circumference with gestational age assessed by date.

AC = GA x 10.16—60.453. R? = 0.772, p < 0.001. AC, abdominal civcumference (mm); GA, gestational age
assessed by date (weeks); R?, coefficient of determination of vegression; p, probability.

3.5 Ratios of fetal parameters

The ratios of fetal parameters FL/FT and FL/AC to FT, CRL, GA, BPD, and HC
are shown in Figures 17-21 and 22-26, respectively. The correlation followed an
inverse relationship, and the R* was higher with HC or BPD or CRL or FT than GA
in general (Table5).
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Figure 14.
The correlation of fetal femur length with foot length. FL = FT x 0.922-2.707. R* = 0.878, p < 0.001. FL, femur
length (mm); FT, foot length (mm); R?, coefficient of determination of regression; p, probability.

Figure 15.

The correlation of fetal femur length with crown-rump length. FL = CRL x 0.209—6.159. R* = 0.843, p < 0.001.
FL, femur length (mm); CRL, crown-rump length (mm); R?, coefficient of determination of regression;

p, probability.

3.6 Intra- and inter-observer correlation
The Pearson coefficient for intra-observer correlation was 0.992 (p < 0.001) and

for inter-observer correlation was 0.990 (p < 0.001) in the measurement of fetal
foot length.

10
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Figure 16.

The correlation of fetal femur length with gestational age assessed by date. FL = GA x 2.56—24.255.

R? = 0.698, p < 0.001. FL, femur length (mm); GA, gestational age assessed by date (weeks); R?, coefficient of
determination of regression; p, probability.

FT CRL GA
R? p’r R? p’r R? p’r
BPD 0.884 <0.001 0.793 <0.001 0.693 <0.001
HC 0.897 <0.001 0.834 <0.001 0.706 <0.001
AC 0.903 <0.001 0.811 <0.001 0.772 <0.001
FL 0.878 <0.001 0.843 <0.001 0.698 <0.001
FT - - 0.804 <0.001 0.675 <0.001
CRL 0.804 <0.001 - - 0.608 <0.001

FT, foot length (mm); CRL, crown rump length (mm); GA, gestational age assessed by date (weeks); BPD, biparietal
diameter (mm), HC, head civcumference (mm); AC, abdominal circumference; FL, femur length (mm); R?
coefficient of determination of regression; p, probability; , ANOVA; *, statistically significant.

Table 3.
The corvelation of fetal biparietal diameter, head circumference, abdominal civcumference, and femur length to
foot length, crown-rump length, and gestational age assessed by date.

FT CRL GA
R’ p' R’ P’ R’ P’
BPD, HC, AC, FL, FT, CRL - - - - 0.560 <0.001
BPD, HC, AC, FL, CRL 0.859 <0.001 - - 0.601 <0.001
BPD, HC, AC, FL, FT - - 0.795 <0.001 0.685 <0.001
BPD, HC, AC, FL 0.881 <0.001 0.795 <0.001 0.685 <0.001

BPD, biparietal diameter (mm); HC, head circumference (mm); AC, abdominal circumference (mm); FL, femur
length (mm): FT, fetal foot length (mm); CRL, crown rump length (mm); R? coefficient of correlation of regression;
P, probability; , ANOVA; %, statistically significant.

Table 4.
The correlation of multiple fetal parameters to foot length, crown-rump length, and gestational age.

11
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Figure 17.
The correlation of fetal femur length/foot length vatio to foot length. R* = 0.283, p = 0.001. R?, coefficient of
determination of vegression; p, probability.

Figure 18.
The correlation of fetal femur length/foot length vatio to crown-rump length. R* = 0.458, p < 0.001.
R?, coefficient of determination of regression; p, probability.

Figure 19.
The correlation of fetal femur length/foot length vatio to gestational age assessed by date. R* = 0.309, p = 0.001.
R?, coefficient of determination of regression; p, probability.

12
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Figure 20.
The corvelation of fetal femur length/foot length vatio to biparietal diameter. R? = 0.522, p < 0.001.
R?, coefficient of determination of regression; p, probability.

Figure 21.
The correlation of fetal femur length/foot length vatio to head civcumference. R* = 0.477, p < 0.001.
R?, coefficient of determination of regression; p, probability.

Figure 22.
The correlation of fetal femur length/abdominal civcumference vatio to foot length. R* = 0.684, p < 0.001.
R?, coefficient of determination of regression; p, probability.

13
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Figure 23.
The correlation of fetal femur length/abdominal circumference vatio to crown-rump length. R* = 0.686,
p < 0.001. R?, coefficient of determination of vegression; p, probability.

Figure 24.
The corvelation of fetal femur length/abdominal civcumference ratio to gestational age assessed by date.
R? = 0.495, p < 0.001. R?, coefficient of determination of regvession; p, probability.

Figure 25.
The correlation of fetal femur length/abdominal circumference ratio to biparietal diameter. R* = 0.765,
p < 0.001. R?, coefficient of determination of vegression; p, probability.

14



Assessment of Fetal Gestational Age in the First Trimester in Normal and Abnormal Pregnancies...
DOI: http://dx.doi.org/10.5772/intechopen.82746

Figure 26.
The correlation of fetal femur length/abdominal circumference vatio to head circumference. R* = 0.773,
p < 0.001. R?, coefficient of determination of regression; p, probability.

FL/AC FL/FT
R’ p' R’ p'
FT 0.684 <0.001 0.283 0.001
CRL 0.686 <0.001 0.458 <0.001
GA 0.495 <0.001 0.309 0.001
BPD 0.765 <0.001 0.522 <0.001
HC 0.773 <0.001 0.477 <0.001

FL, femur length (mm); AC, abdominal circumference (mm); F1T, foot length (mm); CRL, crown rump length (mm);
GA, gestational age assessed by date (weeks); BPD, biparietal diameter (mm); HC, head circumference (mm); R?
coefficient of determination of vegression; p, probability; , ANOVA; *, statistically significant.

Tables.
The correlation of foot length/abdominal civcumference vatio to foot length, crown-rump length, and
gestational age assessed by date, biparietal diametey, and abdominal civcumference in a reverse relationship.

4, Discussion

An accurate estimation of fetal gestational age in early pregnancy is important
for the assessment of the due date [14, 15] and fetal growth [21], the assignment
of risk scores for the pregnancy [22], the prediction of fetal abnormality [23], and
in the management of twin pregnancies [24]. CRL has been recommended as the
standard parameter for assessment of fetal gestational age in the first trimester [14].
It was deduced that CRL gave a better estimation of fetal gestational age than the
dates by the observation that it gave a better estimation of the date of delivery [14].
However, it is known that the measurement of CRL could be affected by the fetal
posture. Variations in the estimation of fetal gestational age by a few days could be
observed for the same gestation with different reference charts derived for CRL
[4, 13, 25-28]. Since fetal foot length has been established as an accurate estimate for
gestational age [3], it could be used as a proxy for the later. In this study;, it could be
seen that CRL correlates better with FT than GA. It can therefore be concluded that
CRL is a better estimate of fetal gestational age than the date (Table 2), consistent

15
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with the previous observations [15]. However, in comparison to FT in the correlation
to the other fetal parameters such as BPD, HC, AC, and FL, CRL performs less well in
this study. The addition of CRL to the combination also lowers the R’ (Table 4).
Therefore, the use of the combination of BPD, HC, AC, and FL could well be applied
from 10 to beyond 14 weeks for the estimation of fetal gestational age rather than
using CRL below 14 weeks and the combination of BPD, HC, AC, and FL thereaf-
ter as in the current obstetrical practice [14]. Similarly when we use ratio of fetal
parameters in the assessment of suspected fetal abnormalities, it may be better to
use the ratio against fetal parameters such as FT, BPD, HC, or even CRL than against
the gestational age by date, as long as the particular reference fetal parameter being
used is not significantly affected by the abnormality in question (Table 5) [23, 29].
Of note, these ratios may not follow a linear correlation but rather an inverse
relationship and vary according to the gestational age in the first trimester as alluded
in a previous publication (Figures 17-21, 22-26, Table 5) [19].

The major limitation of the study is the sample size. The population studied
comprised mainly of Asians, and hence there could be a question on generaliz-
ability. However, it has already been shown that ethnicity of the population is not
an issue in sonographic estimation of fetal gestational age using crown-rump length
[26]. Moreover, it has also been shown that less than 3.5% of the total variability of
fetal skeletal growth was due to differences between populations when the mothers
were adequately nourished [30].

With the advancement of ultrasound technology, small structures could be
measured with high accuracy. Rather than relying on CRL, a parameter that could
be markedly affected by fetal posture, it is perhaps time to review our ultrasound
practice at 10-14 weeks in the first trimester.

5. Conclusion

In the sonographic assessment of fetal gestational age in the first trimester, the
use of a combination of fetal parameters such as BPD, HC, AC, and FL is more
accurate than CRL or GA at 10-14 weeks gestation in normal pregnancies. The use
of these parameters as references for comparison may also be helpful when fetal
abnormality is suspected in early pregnancy.
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Chapter

Antenatal Diagnosis of Congenital
Anomalies on Ultrasound
Screening

Callen Kwamboka Onyambu and Norah Mukiri Thavamba

Abstract

Congenital fetal anomalies contribute to the global burden of disease in children.
Various screening programs have been used for antenatal screening of these
anomalies. Screening targets low risk population and is usually done in the second
trimester though some are done at the mother’s first antenatal visit especially in
resource constrained setting. Mother’s who have had a previous pregnancy with
congenital anomaly are given targeted elaborate screening. Early diagnosis of this
anomalies can lead to early intervention and better outcomes. Diagnosis of the
malformations also leads to clinical decision making on mode of delivery thereby
avoiding birth related trauma to the mother and the baby. In case of lethal congeni-
tal anomalies early diagnosis aids in clinical decision making on the management of
the pregnancy.

Keywords: Ultrasound screening, pregnancy, fetal anomalies, fetal well being

1. Introduction

According to the World Health Organization (WHO), the term congenital
anomaly includes any morphological, functional, biochemical or molecular defects
that may develop in the embryo and fetus that is present at birth, whether detected
at that time or not [1].

Major congenital anomalies impair function or greatly interfere with cosmetic
value.

They may be life threatening and therefore need immediate management. Major
anomalies could have a negative impact on a child’s well-being and development, if
early corrective surgery is not done. Minor anomalies, on the other hand, may cause
little or no functional effects. They do not cause distress in the newborn and hence
there is no urgency for their correction in the neonatal period [2].

Congenital anomalies occur in 2-3% of all births and are an important cause of
perinatal morbidity and mortality accounting for 20-30% of perinatal deaths.

In a study conducted by Nayab Alia in Madina Teaching Hospital, Faisalabad
on gray scale ultrasound, antenatal prevalence of congenital anomalies was 29.75
per 1000 and 2.97% [3]. A similar study in Saudi Arabia showed the antenatal
prevalence of congenital anomalies to be 27.96 per 1000. The median maternal
age at diagnosis was 27.5 years and the median gestational age at diagnosis was
31 weeks [4].

1 IntechOpen
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However, the actual numbers of these anomalies vary among different countries
with prevalence of anomalies reported to be 2% in England and 1.49% in South
Africa [5]. The reason for the regional difference of congenital anomalies might be
attributed to variable factors, such as: maternal risk factors, environmental expo-
sures, ecological, economical and ethnic factors [6, 7].

1.1 Pattern of congenital anomalies

The patterns of congenital anomalies may be different between regions and the
actual numbers may vary significantly between countries [8]. In different coun-
tries, people have varied cultural and religious practices including exposure during
antenatal period to various environmental factors. This may contribute to varied
patterns of congenital anomalies. In some instances a common exposure to terato-
genic factors or a hereditary condition with variable penetrance, may lead to high
numbers of some anomalies, where severely affected individuals were not observed
because of fetal/infant mortality [9]. Certain population groups are also regarded as
“high risk groups” for congenital anomalies such as those living in heavily polluted
industrial zones [10].

According to one study, frequency of congenital anomalies was more in males
than females, with CNS anomalies being the most common. The anomalies were
more common in gestation age of 29-32 weeks [11]. In a retrospective study of 200
cases of congenital anomalies carried out in Jos, Nigeria, the highest incidence was
reported in the gastrointestinal system 61 cases. No association was found between
the occurrences of the various congenital anomalies [12].

In yet another study conducted among South African live born neonates at
Kalafong Hospital, Pretoria, in which the incidence of congenital anomalies was
11.87 per 1,000 live births, the most commonly affected system was the central
nervous system (2.30 per 1,000 live births) [13].

1.2 Risk factors for congenital anomalies

According to WHO, approximately 50% of all congenital anomalies cannot be
associated with a specific cause. However, there are some known risk factors which
include socioeconomic factors with an estimated 94% of severe birth defects occur-
ring in middle and low income countries. This is because mothers are more suscep-
tible to macronutrient and micronutrient malnutrition and may also have increased
exposure to agents that cause or increase the incidence of abnormal prenatal
development, especially infection and alcohol. Other known factors are genetic and
environmental factors [14, 15]. This is reaffirmed by a study that was conducted in
Tanzania, that showed significant association between congenital anomalies and
lack of periconceptional use of folic acid, maternal age above 35 years, exposure to
pollutants and high birth order above [16].

Women with uterine anomalies have also been found to be at risk for particular
CAs. In one study, the risk for some specific defects such as nasal hypoplasia,
omphalocele, limb deficiencies, teratomas, and anencephaly was four times higher
among offspring of mothers with a bicornuate uterus [17].

1.3 Ultrasound imaging IN congenital anomalies

Many congenital anomalies are identified prenatally on usual work up which
includes detailed ultrasound and amniocentesis.

The diagnostic ability of ultrasound is well established by several studies
with detection rate dependent on a number of factors which include the type of
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abnormality, sophistication of equipment and experience of operator [18]. Ina
study conducted by Shama Munim at Aga Khan University Hospital (AKUH),
Karachi on the accuracy of ultrasound in the diagnosis of congenital abnormali-
ties, antenatal ultrasound successfully diagnosed fetal abnormalities in 48.8%
of cases and more than 90% Central Nervous system defects and renal
abnormalities [18].

However, a 1997 Report of the Royal College of Obstetricians and Gynecologists
Working Party on Ultrasound Screening for Fetal Abnormalities identified that
one of the problems with screening scans was the variable way in which they were
conducted because there are no clear guidelines about what should, or should not,
be examined. In a multicenter study, comparison was made of the precision of sono-
graphic examinations done before 24 weeks gestational age at tertiary ultrasound
laboratories contrasted with nontertiary ones. All the institutions were amply
furnished with up-to-date equipment and supported with didactic and practical in-
service training as required. The study found global sensitivity for sonographically
demonstrable fetal abnormalities was 35% in tertiary centers, significantly higher
compared to 13% in community hospitals. This further emphasizes that operator
experience, competence, and training are vital determinants [19].

Ultrasound imaging is now routinely used in most countries for the purpose of
screening pregnancies for fetal malformations but modalities, reliability and value
of such screening is controversial [14, 19].

Regarding the time in gestation at which sonographic screening should be done,
it is worthy noting that majority of the structural abnormalities are increasingly
detected with advancing gestation. In early pregnancy, it is possible to diagnose
with confidence certain categories of fetal anomalies, such as anencephaly, which
can be reliably demonstrated at 10-14 weeks gestational age [20]. In certain
instances, omphalocele and extremity malformations are also detectable using
sonography in the first trimester, whereas other structural defects, like urinary
system anomalies, are demonstrable later in pregnancy. However, a routine anomaly
scan should be performed between 18 and 22 weeks of gestation. This period
compromises between dating the pregnancy and the timely detection of major
congenital anomalies [21].

Ultrasound examination at 10-14 weeks includes measurement of nuchal
translucency, which is the maximum thickness of the subcutaneous translucency
between the skin and the soft tissue overlying the cervical spine of the fetus.

An increased nuchal translucency is associated with aneuploidy and cardiac
malformations [22].

Ultrasound at around 20-21 weeks is done to screen fetuses for morphologi-
cal anomalies. The utility of second trimester sonographic scan for detection of
chromosomal anomalies was first recommended in 1985 [23]. Chromosomal aber-
rations were increasingly found to be associated with certain ultrasound findings,
including biometric parameters (e.g., shortened femur and humerus, pyelectasis,
thickened nuchal fold, dilated ventricles, fetal growth retardation) and morpho-
logic features.

Ultrasound is the main diagnostic tool in the prenatal detection of congenital
anomalies. It allows examination of the external and internal anatomy of the fetus.
Even though a number of women are at increased risk of fetal malformations, either
as a result of family history or owing to exposure to teratogens like infection and
some drugs, the great majority of fetal abnormaitlies arise in the low risk category.
As a result, sonographic evaluation ought to be offered routinely to all pregnant
mothers. This is typically performed at 18-23 weeks of gestation, and should be
done to a high level of precision. The scan should comprise systematic evaluation of
the fetus for the detection of any defects.
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2. Systemic review of congenital anomalies on ultrasound
2.1 Central nervous system (CNS)

The frequency of central nervous system anomalies varies according to geo-
graphic area and race. It is approximately 1-2:1000 newborns. Survivors are often
severely disabled, necessitating long-term care.

The fetal brain undergoes major developmental changes during pregnancy.

At 7 weeks of gestation, a sonolucent region is demonstrable in the cranial pole
representing the fluid-filled rhombencephalic vesicle. At 9 weeks, demonstration of
the convoluted pattern of the three primary cerebral vesicles is possible. The most
prominent structures from 11 weeks are the echogenic choroid plexuses which fill
the lateral ventricles. In the early second trimester, the lateral ventricles and choroid
plexuses decrease in size relative to the brain mass.

Effective ultrasound screening for CNS anomalies can be carried out by exami-
nation of two important axial planes through the fetal brain; the transventricular
and transcerebellar planes. Therefore, familiarity with the normal appearance of
the fetal brain in these planes and at different gestational ages is vital for prompt
identification of congenital anomalies.

The transventricular plane is at the level of the ventricular atria, with the
echogenic choroid plexus being the dominant landmark. Measurements of atrial
diameter made perpendicular to the walls should not normally exceed 10 mm.

This plane is obtained by axial sonogram at the level of the cavum septum pel-
lucidum and shows the lateral margins of the frontal horns, the medial and lateral
limits of the posterior horns of the lateral ventricles, and the choroid plexuses. It is
used for fetal biometrics and quantification of the ventricular width (Figure1).

The second crucial axial plane is the transcerebellar plane, which allows the
examination of the midbrain and posterior fossa. The anatomic landmarks are the
inferior portion of the third ventricle and the cerebellar hemispheres, which are
outlined by fluid in the cisterna magna. The normal cisterna magna measures 2 to
11 mm in width (Figure 2).

A small cisterna magna (<2 mm) suggests a Chiari II malformation. However, it
may also occur in massive ventriculomegaly. A large cisterna magna (>11 mm) may
be a normal variant (megacisterna magna) or indicate a variety of anomalies. These

Figure 1.
Obstetric ultrasound showing biometric measurements. Fetal head: Sonograms of the fetal head at the level of
the thalami (T) showing measurement of the head circumference.
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Figure 2.
Obstetric ultrasound; trans-cevebellar plane: This shows the cevebellar hemispheres (CB), cisterna magna
(CM, between the two calibers) and thalami (T).

include Dandy-Walker malformation, arachnoid cyst, and cerebellar hypoplasia.
When these two planes are anatomically normal, the risk of CNS anomaly is minute
(0.005%).

Additional scanning planes along different orientations may be required occa-
sionally, when one needs better definition of intracranial anatomy detail.

A sagittal and/or coronal view of the entire fetal spine should be obtained. In
the sagittal plane, the normal spine has a ‘double railway’ appearance and one can
appreciate intact soft tissue above it. In the coronal plane, the three ossification
centers of the vertebra are visualized and should tether down into the sacrum.
These views are used for assessment of vertebral integrity which rules out spina
bifida. The presence and regularity of the whole spine from these views rules out
sacral agenesis and scoliosis.

2.2 Cardiovascular system

The heart is the first functional organ in the embryo. It is prominently located
and has visible contractions, which has made it the object of study for centuries.
However, as recently as the late 1970s and early 1980s, the field of heart develop-
ment was still in its infancy. In 1984, Dr. Constance Weinstein and colleagues at
the National Institutes of Health (NIH) organized a meeting to bring together both
cardiologists and basic scientists to summarize what was known about the develop-
ment of the heart.

Congenital Heart Disease (CHD) is the most common birth defect comprising
over 30 types of defects, ranging from mild to severe. It is found in 5-10 per 1,000
live births and in about 30 per 1,000 still births. Some forms of CHD resolve spon-
taneously, others are fully correctible, while others are life-threatening. Nearly 3
children out of every thousand live births have severe CHD requiring early surgery,
while another 13/1000 requires surgery or catheter-based intervention later in
childhood.

Precise US diagnosis of fetal heart abnormalities often requires specialized
equipment and a high level of expertise.

The examination of the fetal heart begins with the assessment of the disposition
of abdominal and thoracic organs. Abnormal disposition is associated with complex
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Figure 3.

Obstetric ultrasound; 4-chamber heart. Normal four-chamber view of the heart. Transverse scan through the
fetal heart showing vight ventricle (RV) anteriorly, left ventricle (LV) on the left, vight atrium (RA) on the
vight and the left atrium (LA) as the most posterior. The spine (SP) and left lung (LL) are demonstrated.

cardiac anomalies. A transverse scan of the upper abdomen allows demonstration of
the situation of the liver, stomach and great abdominal vessels. An axial section of
the chest demonstration of a four-chamber view of the fetal heart. The heart covers
about one third of the thorax. It is shifted to the left part of the thorax with the apex
directed to the left.

About 90% of ultrasonographically detectable fetal cardiac defects demonstrate
some abnormalities in the four-chamber view. Heart rate and rhythm are assessed
subjectively. M-mode is useful for the evaluation of abnormal cases though is of
little help in assessing morphology of the heart (Figure 3).

2.3 Pulmonary abnormalities

The lungs are interrogated in the same section used for the four-chamber view
of the heart. The fetal lungs are uniformly echogenic. At 18-23 weeks, the middle
third of the thoracic area at the level of the four-chamber view is occupied by the
heart and the remaining two thirds by the lungs.

2.4 Anterior abdominal wall

The prevalence of anterior abdominal wall defects in sub Saharan Africa is
not known as there are no population based studies. This could be due to non-
availability of prenatal diagnosis and poor outcome of care post-delivery [24]. Ina
study carried out in a Nigerian tertiary hospital, omphalocele was the most common
anterior abdominal wall defect seen [25].

Normal development of the anterior abdominal wall depends on the fusion of four
folds (cephalic, caudal and two lateral). Developmental midgut herniation occurs at
8-10 weeks with subsequent retraction into the abdominal cavity at 10-12 weeks.

The integrity of the abdominal wall should always be adequately demonstrated.
This is achieved via transverse scans which demonstrate the insertion of the umbili-
cal cord. The urinary bladder should be visualized within the pelvis which rules out
bladder exstrophy.

A study conducted to determine the ability of routine obstetric ultrasound
to detect and accurately describe fetuses with anterior abdominal wall defects
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demonstrated examination between 16 and 22 weeks gestation detected 60% of
defects with a false positive rate of 5.3%. Fetuses with gastroschisis were incorrectly
assigned as exomphalos in 14.7% of cases recognized before 22 weeks gestation.
The diagnosis was completely accurate in 71.6% of cases. Therefore, problems of
diagnostic accuracy should be put into consideration when counseling couples with
a fetal anomaly.

2.5 Gastrointestinal tract

The fetal abdomen differs from the abdomen of the older child or adult. The
fetal abdomen is large in relation to its body dimension compared with the adult.
The liver is larger with the left lobe is bigger than the right owing to its greater sup-
ply of oxygenated blood. The umbilical vein is an important US landmark. Half the
blood it carries goes directly to the inferior vena cava via the ductus venosus. The
remainder perfuses the liver via the left portal vein. The gall bladder is visualized
as an ovoid cystic structure below the intrahepatic portion of the umbilical vein.
The spleen may be demonstrated in a transverse plane posterior and to the left of
the stomach. The adrenal glands are up to 20 times larger in relative size because
of the presence of a fetal zone. The pelvis is small with the pelvic organs extending
into the lower abdomen. Swallowing commences at 11 to 12 weeks gestational age
(GA). The fetal stomach is visible from 9 weeks of gestation as a sonolucent cystic
structure in the upper left quadrant of the abdomen. It should be filled with swal-
lowed fluid by 18 weeks GA. The small bowel is moderately echogenic and centrally
located. Peristalsis in small intestine loops is usually demonstrable by the third
trimester. The visualized small gut usually measures just below 6 mm in width and
below 15 mm in length. The large bowel is seen after 20 weeks of intrauterine life as
a tubular organ in the periphery of the abdominal cavity. It gradually fills up with
meconium but does not usually surpass 23 mm in caliber.

The abdominal circumference should be measured in a scan of the abdomen
demonstrating the stomach and the portal sinus of the liver. The visceral situs
should also be evaluated.

This is done by demonstrating the relative location of the stomach, hepatic
vessels, abdominal aorta and inferior vena cava (Figure 4).

Figure 4.
Obstetric ultrasound showing the fetal abdomen. Fetal abdomen: The stomach (S) and intrahepatic portion of
the umbilical vein (V) are demonstrated. The spine (SP) is seen posteriorly.
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A case series of gastrointestinal abnormalities in fetuses with echogenic bowel
detected during the antenatal period revealed that prenatal diagnosis of bowel
abnormalities is challenging owing to the varying appearance of the bowel through-
out pregnancy [26].

A related study showed that the prenatal ultrasound scan is unreliable in the
detection or exclusion of fetal gastrointestinal malformations (GIM). Therefore
clinicians involved in prenatal sonography or counseling should exercise caution in
making such diagnoses. In this study, there were 220 confirmed cases of GIM, of
which only 35 (16%) had been correctly identified prenatally. However, prenatal
ultrasound was quite reliable in the detection of duodenal obstruction with 55%
confirmed cases identified prenatally [27].

2.6 Kidneys and urinary tract

Detection of congenital urinary system anomalies is an important aspect of the
prenatal ultrasound examination. Prenatal diagnosis of urinary tract abnormalities
known to precipitate neonatal urosepsis and sequel such as renal scarring has made
it possible to commence early intervention. A complete workup of the infants can
be initiated early and before life-threatening complications occur.

The kidneys are visualized on sonography from as early as nine weeks of gesta-
tion and in all cases from twelve weeks. Echogenicity is high at nine weeks but
reduces with advancing gestational age.

In a longitudinal scan, the kidneys are seen as elliptical structures while on
axial sonograms, they are seen as rounded structures on either side of the spine.

At 20 weeks, they show a hyperechoic capsule and the cortical area is slightly more
echogenic than the medulla. Fat tissue normally accumulates around the kidneys
as gestation progresses which enhances the borders of the kidneys in contrast with
other organs. Normal ureters are rarely visualized in the absence of distal obstruc-
tion or reflux. The fetal bladder can be seen from the first trimester in more than
90% of subjects by 13 weeks (Figure 5).

A retrospective review of 56 children with urinary tract abnormalities detected
by prenatal ultrasound revealed that more than half of the abnormalities were
isolated hydronephrosis or multicystic dysplasia of the kidney [28].

Figure 5.
Obstetric ultrasound showing fetal kidneys. Fetal abdomen at the level of the kidneys: Both kidneys (K) are seen
on either side of the spine in this transverse sonogram.
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The most frequent causes of hydronephrosis in the antenatal period are uretero-
pelvic junction (UP]) obstruction, ectopic ureterocele, and posterior urethral valves
(PUV). Renal pelvis of more than 10 mm in anteroposterior diameter or more than
half of the anteroposterior diameter of the kidney in transverse section are conclu-
sive evidence of significant hydronephrosis.

2.7 Skeleton

Detection of fetal anomalies is satisfactory for most organ systems but remains
poor for cardiac, skeletal, and craniofacial anomalies. In a study to assess the
accuracy of the prenatal diagnosis of skeletal dysplasias by Barbara V. Parilla et
al., the antenatal diagnosis was correct in 20 (65%) of 31 cases [29]. This suggests
that precise antenatal diagnosis of skeletal dysplasia is challenging. However, the
antenatal prediction of lethality was highly accurate.

In general, skeletal dysplasias are uncommon. They affect 1 in every 4,000-
5,000 births, even though the incidence may be higher since the features may not
be apparent until early childhood, at what time short stature, joint abnormalities or
other complications become apparent.

Skeletal dysplasias comprise a heterogeneous group of disorders of skeletal
growth that result in bones of abnormal size and shape.

Normally, all long bones are consistently seen from 11 weeks and the limbs move
about readily at this gestation.

At the 18-23 week scan, the 3 segments of each limb should be visualized. It is
nevertheless only necessary to measure the length of one femur. The relationship of
the leg and foot should also be evaluated to rule out club foot.

US findings that are highly associated with the presence of a generalized skeletal
dysplasia include shortening of extremity bones, fractures, bowing of long bones,
demineralization, and a small thorax. A ratio of femur length to foot length of less
than 0.9 and femur length-abdominal circumference ratio of less than 0.16 suggest
a skeletal dysplasia.

3. Conclusion

Antenatal ultrasound can allow for early detection of fetal anomalies and there-
fore early intervention as well as appropriate management of the pregnancy.
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Chapter

Fetal Craniospinal Malformations:
Aetiology and Diagnosis

Artur Beke, Virdg Bartek and Aténé Simonyi

Abstract

The chapter discusses the aetiology and diagnostics of each fetal craniospinal
disorder, particularly neural tube defects, ventriculomegaly, Dandy-Walker and
Arnold-Chiari malformation, corpus callosum dysgenesis, iniencephaly, holopros-
encephaly, microcephaly and kinked-brainstem. We aimed to highlight the usual
ultrasound findings and genetic testing options.

Keywords: neural tube defects, anencephaly, exencephaly, spina bifida,
ventriculomegaly, encephalocele, hydrocephalus, Dandy-Walker, Arnold-Chiari,
corpus callosum, iniencephaly, kinked-brainstem, holoprosencephaly, microcephaly

1. Introduction

Our knowledge of the genetic background of the development of neurodevelop-
mental disorders is evolving. Today, ultrasound is a gold-standard diagnostic method
for diagnosing developmental disorders. In addition to teratogenic causes, an increas-
ing genetic background is being recognised for more and more fetal disorders. In
addition to ultrasound diagnostics, the aim of this chapter is to investigate the genetic
diagnostics of developmental disorders affecting the nervous system. In the case of
malformations involving multiple organ systems, we investigate what chromosomal
abnormalities or gene mutations may underlie each multiple disorder.

2. Fetal craniospinal malformations
2.1 Neural tube defects. Anencephaly/exencephaly. Spina bifida. Encephalocele
2.1.1 Epidemiology

Neural tube defects are the second most common structural-developmental malfor-
mations [1]. If the failure of neural tube closure is at the cranial end of the developing
embryo, the disorder occurs in the form of anencephaly (initially exencephaly), if the
failure is more caudal than cranial, it occurs in the form of spina bifida.

The prevalence of neural tube defects (NTDs) is 0.5-2/1000 live births, showing a
heterogeneous geographical and ethnic distribution [2]. A genetic cause can be identi-
fied in 20% of cases [3].
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2.1.2 Fetal morphology and prognosis

The brain of an anencephalic fetus is missing or missing in large parts. The form
localising only to the cranium is called meroacrania, and extending to the foramen
magnum is called holoacrania. If the spinal cord is also affected, the disorder is called
craniorachischis.

The most severe neural tube closure disorder is caused by abnormal closure of the
cranial section of the neural tube [4]. Anencephaly is a condition incompatible with life.

Spina bifida develops due to an abnormality in the closure of the neural tube
caudally from the cranium. It basically affects the spinal region, with or without
nerve tissue involvement. Its mildest form is spina bifida occulta, which is a defect of
the vertebral arcs without affecting the underlying nerve tissue, most commonly
in the sacral region, and usually causes no symptoms. In the case of spina bifida
cystica, the lesion advances cystically. It can be closed (covered with skin or an opaque
membrane) or open. If the cyst has meninx and cerebrospinal fluid but no nerve tis-
sue in it, the lesion is called meningocele, if it also contains nerve tissue elements, the
term is myelomeningocele [5]. The most severe form is myeloschisis (also known as
rachischisis), which is an open lesion, so nothing covers the medullary (neural) plate
[5]. After birth, spina bifida occulta usually does not cause symptoms, while spina
bifida cystica can lead to paralysis of the lower extremities and urinary problems.
Although myelomeningocele is a developmental disorder compatible with life, it is
often associated with varying degrees of disability.

In encephalocele, the brain tissue with or without the meninges protrudes hernia-
like through a pathological opening in the skull [5]. The most common site of its
formation is os occipital [6]. Based on the grouping of Suwanwela and Suwanwela:
cranial, frontoethmoidal, and basal encephalocele can be distinguished in addition to
the occipital group [7].

2.1.3 Aetiology

To date, no clear genetic defect has been identified in the background of the
development of NTDs, however, the role of a number of environmental and genetic
predisposing factors is already known. It has been clinically demonstrated that folic
acid supplementation significantly reduces the incidence of neural tube defects
during the first trimester of pregnancy. Folic acid enrichment of the flour reduced the
incidence of NTDs by 18% in 59 countries [8]. Folic acid, which is involved in purine
and pyrimidine synthesis, is one of the cornerstones of DNA synthesis. Of course, not
only isolated folic acid deficiency but any drug involved in folic acid synthesis may
be associated with the development of anencephaly and other neural tube defects.
These drugs such as antiepileptics (valproate or carbamazepine) and antimalarials
(trimethoprim) are contraindicated during pregnancy without adequate folic acid
supplementation, especially, in the first trimester.

In 1999, Shields et al. identified a heat-labile MTHFR C677T mutant gene that was
present in the homozygous form of TT in 51 (18.8%) of 271 infants with neural tube
defects (the homozygous form of CC did not increase the rate, whereas the heterozygous
form of CT alone non-significantly increased the incidence of neural tube defects) [9].

Two members of the SHROOM gene family, the SHROOM-2 and SHROOM-3
genes have also been associated with the development of NTDs.

The role of the SHROOM-3 gene in complex morphogenesis has long been
demonstrated, and a mutation in a Loss of Function (LoF) (p.N594f) may be
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associated with the development of neural tube defects. The Shroom-3 protein
encoded by the gene is involved in the planar cell polarity (PCP) pathway, and in
animal models, it has been found that its main function is to regulate the distribu-
tion of myosin II in cells [10].

A Chinese research team, Z. Chen et al. isolated 1.56 times as many rare variants
in the SHROOM-3 gene in live-born children with NTD than in the control group.

In addition, the same research has also linked another member of the SHROOM
family, the SHROOM-2 gene mutation, to the development of neural tube defects.
SHROOM-2 is a gene localised on the short arm of the X chromosome (Xp22.2), which
encodes a protein of the same name, Shroom-2. Shroom-2 is expressed by endothelial
cells; its role in facilitating the development of the contractile network in endothelial
cells. In infants with NTD cases, 4.5 times as many deleterious missense (D-Mis) vari-
ants were identified compared with the control group. In the same study, SHROOM-2
variants were found in 42 of the 343 NTD cases, of which 15 mutations were identified.
More than one SHROOM-2 mutation was found in five of these samples [1].

Because the convergent extension is a critical point in neural tube closure, mutation
of the gene encoding any other protein in the PCP system that regulates it leads to neural
tube closure disorders. Mutation of PCP core genes such as VANGL2 or CELSR1 has been
shown in mouse models to lead to the development of severe NTDs [11]. It is likely that
genes encoding other proteins involved in the PCP signalling pathway may also be associ-
ated with neural tube closure disorders, however, human orthologs of the genes found
in the experimental models have not yet been identified, so this may be part of further
research.

Foetuses of untreated diabetic mothers are also more prone to neural tube defects,
as elevated blood glucose levels lead to misfolded proteins, their accumulation and
apoptosis of cells through non-enzymatic glycosylation.

This causes structural damage to organogenesis, especially the neuroepithelium.
In animal models, high-dose folic acid supplementation has also been shown to reduce
the incidence of neural tube defects associated with high blood glucose [12]. In terms
of other environmental factors, hyperthermia and vitamin A deficiency may also
lead to NTD, the former due to heat stress and the latter due to its role in the retinoic
acid pathway resulting in the inadequate closure of the neural tube. Maternal obesity
increases the chances of developing NTDs through hyperinsulinemia, and metabolic
syndrome through its teratogenic effect due to oxidative stress [13].

2.1.4 Diagnostics

Anencephaly can be diagnosed in the first trimester (in this case, exencephaly
is shown in the image), but can only be diagnosed with ultrasound in the second
trimester with high certainty, median time to prenatal diagnosis is 20 weeks (16-24)
[14]. Ultrasound signals that the upper part of the skull is missing and that no paren-
chymal tissue can be detected in the skull, however, the brainstem and occipital bone
can be identified. In the coronal plane, a ‘frog eye’ or ‘Mickey Mouse’ symptom is
seen, which is due to a lack of cranial bones and a protruding bulbus. In some cases,
it is associated with polyhydramnios, which is the result of insufficient amniotic fluid
ingestion by the fetus.

Spina bifida can be diagnosed in the second trimester, with a median time of
21 weeks (18-24). The time and accuracy of detection depend largely on the type of
spina bifida and the position of the fetus, as certain positions make it very difficult to
follow the spinal column. The direct signs are the openness of the vertebral arches and
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herniation of the spinal cord, and the indirect signs are the lemon sign, the biconcave
os frontale, and the banana sign, which is an abnormally bent, thin shape of the
cerebellum. Ventriculomegaly due to cerebrospinal fluid flow disturbance is also
common in foetuses with spina bifida, however, this ultrasound signal is not specific
for diagnosis. Furthermore, the clivus-supraocciput angle is of diagnostic value; if it
is less than 5 percentile, it raises the possibility of a form of neural tube defect associ-
ated with Chiari II malformation [15].

Thanks to modern technology, the availability of 3D and 4D ultrasound and MRI
make it easier to diagnose neural tube defects so that in case of doubtful ultrasound
findings, the diagnosis can be clarified by choosing another imaging modality.
However, it should be noted that although these tests are much more accurate than
conventional transabdominal and transvaginal ultrasound, their cost and limited
availability make it essential to perform 2D ultrasound accurately and precisely, as it
is still the most accessible, quickest and most economical method of diagnosis today.

In addition to imaging, laboratory tests can also support the diagnosis, as in 90%
of cases, a-fetoprotein (AFP) levels are elevated in maternal blood and amniotic
fluid, so this may be an additional tool to imaging. However, with the development of
ultrasound, this test has been superseded.

In about one-tenth of cases, a chromosomal aberration or mutation has been
identified as the cause of the neural tube defect, i.e., the majority of NTDs have a
non-syndromic cause [16]. It can be seen that, although no clear environmental
influence or genetic mutation has been identified as the cause of NTDs, it is likely
that their development is multifactorial, i.e., genetic predisposing factors and
environmental stresses contribute to their development.

2.1.5 Postnatal morphology and associated disorders

Postnatally, the anencephalic infant lacks a cranial bone (skull), the cerebellum is
only a mass, shrunken. The ears are low set and deformed. Facial structures such as
the eyes, nose and cheeks are large. The neck is short and spinal abnormalities may
be present. The limbs are deformed, the thymus is abnormally large and pulmonary
hypoplasia is often present. Spina bifida may be present with minimal external
signs depending on the severity of the disease (in spina bifida occulta, only a darker
patch or patch of hair-covered skin in the sacral region indicates a malformation).
Depending on the region affected, a child with spina bifida lacks the structures cover-
ing the spinal column at the affected vertebrae and may have a herniated spinal cord;
in meningocele and myelomeningocele, the protruding cyst is visible in the occipital
region, with or without nerve tissue.

Neural tube defects are most commonly associated with renal abnormalities such
as hydronephrosis, polycystic kidney disease, uni- or bilateral agenesis or unilateral
hypoplasia. Cardiac malformations range from simple septal defects to complex
cardiac malformations [17].

2.2 Congenital ventriculomegaly and hydrocephalus
2.2.1 Epidemiology
Ventriculomegaly is one of the most common pathological findings during antenatal

ultrasound screening [18]. In severe cases, we are talking about hydrocephalus. The
prevalence of hydrocephalus is 11/1000 live births [19].
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2.2.2 Fetal morphology and prognosis

Hydrocephalus develops due to a progressive increase or impaired absorption of
intraventricular cerebrospinal fluid (CSF) and its pathomechanism can be either
obstructive or communicating [17, 20]. Increased pressure leads to the dilation of
the ventricles, i.e., ventriculomegaly. If the brain volume thins due to the growth of
the ventricles, we speak of hydrocephalus internus, if the volume of cerebrospinal
fluid increases in the subarachnoid spaces, we speak of hydrocephalus externus.
Macrocephaly can also develop with the growth of the bony skull [5], and the skull of
such a fetus is larger than average.

The CSF is produced by the choroid plexus, circulates in the ventricles, then exits
through the fourth ventricle into the subarachnoid space, where it is absorbed by
the granulationes arachnoideae and finally drained through the venous sinuses into
the systemic circulation. 1/3 of the CSF enters the lymphatic circulation, however,
pathological alterations of this have not yet been demonstrated in human models [19].

The prognosis of hydrocephalus depends on its severity and the success of prenatal
treatment. Of the 90 cases of hydrocephalus followed up by Yamasaki et al., 17%
resulted in death, 21% were diagnosed with severe retardation, 13% with moderate
retardation and 26% with mild retardation. A normal phenotype was described in
23% of cases [21].

The classification of ventriculomegaly depends on the degree of dilatation
detected on ultrasound: mild ventriculomegaly between 10—12 mm, moderate
ventriculomegaly between 13—15 mm and severe ventriculomegaly above 15 mm.

The measurement is taken at the atrium of the lateral ventricle, the point where the
temporal and posterior horns converge. This is a fixed value between 15 and 40 weeks
of pregnancy [22].

If no abnormality is found in genetic testing and no other associated abnormality
is present, mild ventriculomegaly is not considered pathological, and postnatally 90%
of these cases present a normal phenotype, i.e., the wider ventricle is considered a
normal variant [22].

2.2.3 Aetiology

Congenital hydrocephalus can be syndromic or non-syndromic, but in half of the
cases, it is idiopathic [20]. The most common form of congenital hydrocephalus is the
X-linked monogenic LICAM mutation. The gene product of LICAM is a protein that
plays a key role in neuronal migration.

Hydrocephalus due to the LICAM mutation is one of the most severe forms
associated with stenosis of the aqueduct of Sylvius, known as HSAS (Hydrocephalus
with Stenosis of the Aqueduct of Sylvius). It is often associated with corpus callosum
agenesia or hypoplasia, adducted thumb and other structural cerebellar abnormalities
[20]. Another form of X-linked congenital hydrocephalus is associated with AP1S2
mutation [23].

Mutations in the MPDZ gene lead to primary ependymal malformations, including
hydrocephalus [20]. MPDZ encodes a protein that regulates tight junction function
and is also likely involved in the PCP pathway [24]. Mutations in this gene at 9p23 lead
to autosomal recessive non-syndromic hydrocephalus [25]. Another form of autoso-
mal recessive hydrocephalus is caused by mutations in CCDCS88C. This gene encodes a
protein called Daple, which interacts with Dishevelled protein to regulate cell migra-
tion. The Dishevelled protein is a member of the non-canonical Wnt pathway [26].
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In addition to these well-studied genes, two others have recently been identified
that are associated with the development of hydrocephalus. The EML1 gene (14q32.2)
encodes a microtubule system-related protein that is also involved in the PCP path-
way. The gene mutation results in abnormal development of the posterior part of
the skull, leading to severe hydrocephalus [23]. Also in this study, Shaheen et al.
described another mutation, WDR81 (17p13.3), which leads to severe hydrocephalus
with cerebellar hypoplasia.

Neural tube defects are often associated with hydrocephalus. This may be due
to common genetic factors and environmental aetiology, and pathological spinal
development may itself be a physical barrier to CSF. Arachnoid cysts may also form
a physical barrier in the pathway of cerebrospinal fluid. As arachnoid cysts occur
in 15% of Phelan-McDermid syndromes, this syndrome is also often associated
with hydrocephalus [19]. Other syndromes include mucopolysaccharidosis, Sotos
syndrome and Rothmund-Thomson syndrome. Cytogenetic abnormalities have also
been associated with the disorder, such as microdeletion of 9q22.3, partial trisomy
of chromosome 1, but hydrocephalus is also common in Patau, Edwards and Down
syndromes [19].

Ventriculomegaly/hydrocephalus may occur in isolated cases as a consequence of
TORCH (Toxoplasma, Rubeola, Cytomegalovirus, Herpes simplex and other viruses)
infection during pregnancy, or in rare cases due to congenital tumours such as choroid
plexus papilloma [21].

2.2.4 Diagnostics

In terms of ultrasound diagnostics, it should be noted that in the first trimester,
physiological ventricular dilatation is present, so hydrocephalus can only be diag-
nosed with certainty after the 14th week. The first characteristic ultrasound sign is
asymmetry of the choroid plexus [27]. The top of the fourth ventricle may show an
abnormal image and the absence of foramina Magendii and Luschka is common [17].
Due to the progressive nature of hydrocephalus, it may develop throughout pregnancy
and even after birth without any previous ultrasound signal. Thus, the time to diag-
nosis also varies widely; Yamasaki et al., in their study of 156 cases of hydrocephalus,
found the diagnosis to be made between 13 and 40 weeks (51% of cases were already
diagnosed before 28 weeks). Breeze et al., also reported similar data, with a median
time to diagnosis of 28 weeks (16-36) [28].

In addition to ultrasound, if ventriculomegaly or hydrocephalus is suspected, a
Magnetic Resonance Imaging (MRI) scan may be useful, as it is a more accurate and
reliable way of showing the development of brain structures and their possible mal-
formations than ultrasound. However, it should be taken into account that, in addi-
tion to the general disadvantages of MRI (difficult availability, high costs), the fact
that the fetal movement makes the findings more difficult or impossible to evaluate in
antenatal diagnosis is a particular difficulty [29].

2.2.5 Postnatal morphology and associated disorders
The neonate with ventriculomegaly/hydrocephalus has macrocephaly, which may

progress postnatally [30]. The disorder is often associated with neural tube defects
due to common genetic predisposing factors.
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2.3 Dandy-Walker malformation
2.3.1 Epidemiology

The incidence of this malformation is 0.33/1000 live births [31], i.e., it is a relatively
rare disorder.

2.3.2 Fetal morphology and prognosis

The Dandy-Walker malformation includes dilatation of the fourth ventricle with
hypoplasia or agenesis of the vermis of the cerebellum. A pseudocyst often develops
at the base of the posterior fossa. Survival is low (about half of cases) [5].

2.3.3 Aetiology

Genetically heterogeneous in origin, several mutations have been described in
recent years. However, one of the main “suspects” are the ZIC1 and ZIC4 genes,
located at 3q24. In terms of inheritance, autosomal dominant, recessive and X-linked
inheritance patterns have been reported, so it may be present as part of trisomy 9
(AR) or 6p (AD), but it may also be associated with Aicardi syndrome.

It is common in Edwards syndrome. However, in addition to genetic causes, a
number of environmental factors may contribute to its development, such as mater-
nal alcoholism or severe diabetes mellitus, as well as TORCH infection in the first
trimester [17].

2.3.4 Diagnostics

Dandy-Walker malformation can be diagnosed by ultrasound at the earliest at
week 11, but it should be noted that isolated dilatation of the fourth ventricle may
be physiological during early development. In addition, the cerebellar vermis is not
fully developed until the second trimester. In conclusion, an accurate diagnosis is only
possible during the second trimester [27].

2.3.5 Postnatal morphology and associated disorders

Since the disorder mainly affects the cerebellum, in case of survival, postnatally
the disorder may be marked by muscle movement disorders, learning difficul-
ties and mental retardation. Hydrocephalus and consequent macrocephaly often
develop due to inhibition of cerebrospinal fluid drainage [17]. It is often associated
with hyperdactyly, syndactyly, renal, hepatic and pancreatic alloplasia and abnor-
mal retina [32].

2.4 Arnold-Chiari malformation
2.4.1 Epidemiology

There are four types of Arnold-Chiari syndrome. Its prevalence is 0.9/1000 live
births [33].
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2.4.2 Fetal morphology and prognosis

In type I, the cerebellar tonsils are ectopic, with a part of the tonsils pressing into
the foramen magnum, often in isolation. In type II, there is cerebellar hypoplasia with
myelomeningocele, part of the tonsils and the elongated distal part of the brainstem
protruding into the foramen magnum. In type III, the cerebellum is herniated due to
the absence of occipital bone and spina bifida. In type IV, the most severe type, the
cerebellum itself is hypoplastic [17]. Structural deformities lead to hydrocephalus. A
lesion with a poor prognosis.

2.4.3 Aetiology

In the majority of cases, Arnold-Chiari malformation is multifactorial, and external
environmental factors may also play a role in the development of the disease.

A precise genetic mutation has not yet been identified. It is assumed to be the
result of mutations in proteins involved in the Sonic hedgehog and Wnt pathways,
suggesting that there is an overlap at the gene level between mutations causing neural
tube defects and Arnold-Chiari malformation, but this requires further research. Its
aetiology is probably multifactorial and it cannot be ruled out that various environ-
mental factors also contribute to the development of the phenotype.

Syringomyelia is often described in this pathology. In syringomyelia, the cavity
formation observed in the nervous system may be due to residual formations from
embryonic age, but may also occur as a result of haemorrhage or inflammation.

2.4.4 Diagnostics

An ultrasound scan in the second trimester of pregnancy can raise suspicion of the
lesion, and if necessary, an MRI scan can confirm the diagnosis.

2.4.5 Postnatal morphology and associated disorders

Type I occurs in 3-5% of patients with Klippel-Feil syndrome, suggesting that
abnormal GDF6 and GDF3 function may also be associated with the development of
the syndrome [33].

Syringomyelia, which is often associated with type II, is rarely hereditary and may
be associated with the following additional pathological conditions and gene muta-
tions: hydrocephalus (NF1, NES, GFAP, FGFR2, AQP4), spina bifida (GDF6, GDF3)
and other spinal deformities (VDR, POC5, NF1, GH1, GFAP, GDF3), various neuro-
logical tumours: astrocytoma (NRAS, NF1, NES, GFAP, COL1A1), neurilemmoma
(NF1, NES, GFAP), ependymoma (NES, GFAP).

In addition, syringomyelia may also be caused by tissue weakness, such as in
Ehlers-Danlos syndrome (mutations in COL1A1, COL1A2, COL3A1, COL5A1,
COL5A2, TNXB, ADAMTS2, PLOD1, BAGALT7, DSE, D4ST1/CHST14 genes) or
Marfan syndrome (mutation in FBNI gene).

2.5 Corpus callosum agenesia/dysgenesis
2.5.1 Epidemiology

The prevalence of malformations of the corpus callosum is 0.25/1000 live births.
In terms of aetiology, 30—45% of cases are due to genetic causes, 10% to chromosomal
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abnormalities and 20—35% are associated with a genetic syndrome. In some cases,
environmental factors (e.g., maternal alcohol consumption) also lead to corpus cal-
losum dys- or agenesis [34].

2.5.2 Fetal morphology and prognosis

The corpus callosum is one of the five major cerebral commissures and is one of
the largest white matter-containing tract in the brain. Its role is to connect the right
and left hemispheres of the brain, and it is thought that 2—3% of the cortical fibres
are passing through it. Its main function is to coordinate the hemispheres of the brain
and to integrate sensory and motor functions [35].

Isolated corpus callosum dys- or agenesis is a disorder compatible with life,
however, approximately 25% of foetuses with isolated corpus callosum agenesis/
dysgenesis diagnosed antenatally will later have an intellectual disability. In addition,
mild social or learning deficits may occur even with normal intelligence [35]. If the
developmental disorder is part of a syndrome, the outcome of the disease depends on
the particular syndrome.

2.5.3 Aetiology

Known chromosomal abnormalities affect chromosomes 1, 4, 6, 8 and 17. The
most common type is a deletion, including the 1q42-q44 deletion causing corpus
callosum dys- or agenesis of variable severity [35]. As most of the proteins encoded
by these regions regulate or are involved in a key moment in nervous system develop-
ment, corpus callosum dys- or agenesis as an isolated developmental disorder does not
occur in any of the chromosomal disorders, but is often associated with microcephaly,
hydrocephalus or craniofacial abnormalities.

Inheritance patterns include autosomal dominant, recessive and X-linked hereditary
syndromes.

A very severe form of X-linked dominant (XLD) inheritance is Aicardi syndrome,
which is incompatible with life in male foetuses but also has high premature mortality
in girls. In addition to corpus callosum agenesis, it is associated with infantile seizures
(infantile spasm) and the development of chorioretinal lacunes [36].

The autosomal dominant form is frontonasal dysplasia, Goldenhar syndrome;
autosomal recessive form is Andermann syndrome, craniotelencephalic dysplasia, Da
Silva or Leigh syndrome. Isolated corpus callosum dys- or agenesis can be inherited
in an autosomal recessive, X-linked recessive (XLR) or autosomal recessive (AR)
manner [17].

2.5.4 Diagnostics

Developmental abnormalities of the corpus callosum are difficult to detect
before 18 weeks [35]. Ultrasonography shows colpocephaly, a high-lying enlarged
third ventricle with absent or abnormal morphology of the corpus callosum [34].
These may confirm the suspicion, as in ultrasound diagnostics there is always the
question of whether the absence of a formula is not only due to the position of
the fetus, or possibly to a technician error. In their 2012 study, Santo et al. found
that the number of false-positive ultrasound findings can be as high as 20%. An
MRI scan after 22 weeks can confirm or refute the ultrasound findings with high
certainty [37].
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2.5.5 Post-natal morphology and associated abnormalities

Corpus callosum dys- or agenesis is often associated with microcephaly, hydro-
cephalus or craniofacial abnormalities [17]. Therefore, both the postnatal picture and
the associated abnormalities are influenced by the gene mutation that results in the
disorder.

2.6 Holoprosencephaly
2.6.1 Epidemiology

Holoprosencephaly is a midline malformation of the cranium and face. Its
prevalence is estimated to be between 0.2 and 0.06 per 1000 live births [17, 38].

2.6.2 Fetal morphology and prognosis

The three main types of holoprosencephaly are lobar, semi-lobar and alobar. The
most severe form is alobar, where midline separation is completely absent and the
blister of the telencephalon does not separate. Typically, the corpus callosum and
the third ventricle are absent, and cyclopia and proboscis are present. In the semilobar
form, the frontal and parietal lobes are usually not separated bilaterally, but all septa-
tions, especially in the posterior region, are observed. Microphtalmia or anophtalmia,
nasal malformations may also be associated. In the least severe form, the lobar form,
the two hemispheres are essentially retained, with varying degrees of fusion between
the two halves. The nose may be depressed with eyes sitting close, but the facial
phenotype may be completely normal [39].

The prognosis depends on the severity of the holoprosencephaly. Mortality is high
in alobar cases.

2.6.3 Aetiology

As with all neural tube defects, the development of holoprosencephaly is multifacto-
rial, with both genetic and environmental influences contributing to its occurrence [40].

It is often associated with chromosomal abnormalities, most commonly with
trisomy (Patau syndrome) or deletion of chromosome 13, but may also be associ-
ated with trisomy and deletion of chromosomes 18 and 21. Monogenic syndromes
have also been associated with foetuses with holoprosencephaly, such as ARH
(autosomal recessive holoprosencephaly), ADH (autosomal dominant holoprosen-
cephaly), Varadi-Papp syndrome (AR), Grote syndrome (AR), Steinfield syndrome
(AD) or holoprosencephaly-fetal akinesia syndrome (XL) (Wainwright, 2005).
Environmental influences have also been implicated in the development of holopros-
encephaly, such as maternal alcohol consumption during pregnancy and insulin-
dependent diabetes mellitus.

A clear genetic mutation has been identified in the background of 15—-20% of
holoprosencephalic disorders [41]. Since the Sonic hedgehog signalling pathway is
responsible for the regulation of the ventral phase of nervous system development
and for the separation of the brain vesicles, it is understandable that genes affecting
this mutation and their dysfunctional protein products would also be involved in
this pathway. Mutations in the SHH gene itself have been demonstrated to underlie
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holoprosencephalic retardation since 1996 [42]. Later, mutations in several members
of the signalling pathway were identified, including mutations in PTCHI and GLI2.
The Six-3 protein has not yet been linked to any of the signalling pathways, but
mutations in SIX3 are responsible for about 1.3% of holoprosencephaly cases. Six-3 is
thought to play a role in the Wnt pathway [43].

There are also correlations between the development of neural tube defects and
holoprosencephaly due to their common predisposing factors. K. Shiota found 14
cases of exencephaly or myeloschisis in 150 embryos with holoprosencephaly, but no
correlation was found between holoprosencephaly and the severity of the neural tube
defect. Diabetic mothers have a higher risk of developing both holoprosencephaly and
neural tube defects [41].

2.6.4 Diagnostics

It can be diagnosed prenatally by transabdominal or transvaginal ultrasound, how-
ever, some of the milder lobar forms are difficult to diagnose by ultrasound. The median
time to diagnosis of holoprosencephaly is 12 weeks (10-14) [27]. In the alobar type,
morphological abnormalities of the face (cyclopia, ethmocephaly, cebocephaly) and
absence of the choroid plexus in the lateral ventricles are well diagnosed by ultrasound.
Dorsal cysts, ventriculomegaly and absence of the cavum septum pellucidum may
also be associated findings [44]. An ultrasound sign of semilobar holoprosencephaly
is incomplete separation of the hemispheric nuclei and fused thalamus. Both types are
often associated with polydactyly, renal dysplasia, omphalocele and hydrops [44].

2.6.5 Postnatal morphology and associated disorders

Kaliaperumal et al. found a 95% mortality rate in alobar holoprosencephaly after
antenatal diagnosis. Even mild cases are associated with severe postnatal complica-
tions, often requiring neurosurgery and intensive care [45].

2.7 Microcephaly
2.7.1 Epidemiology

Microcephaly is a deviation of at least three standard deviations of head circum-
ference from the mean for given sex and age at fetal maturity [46]. A microcephaly
finding is a clinical finding in itself, not a diagnosis [47]. Primary microcephaly is
defined as a diagnosis made before 36 weeks of gestation, secondary microcephaly
develops after birth [47]. The incidence of primary microcephaly is 0.16-0.025/1000
live births [17].

2.7.2 Fetal morphology and prognosis

Primary microcephaly is a static condition [48]. Phenotypic microcephaly is
associated with varying degrees of cognitive deficits depending on the mutation,
in addition, to head circumferential abnormalities, but weight, height and other
external variations are not common. Imaging studies show normal brain morphology
[48]. The prognosis depends on the type of mutation and is generally good, but in the
majority of cases, severe deterioration in the quality of life is to be expected.
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2.7.3 Aetiology

In terms of aetiology, microcephaly may be caused by a reduction or absence of
neurogenesis (due to Cytomegalovirus (CMV) infection, chromosomal abnormality
or primary autosomal recessive microcephaly), a prenatal destructive process (e.g.,
hypoxia, ischaemia) or a rare genetic syndrome.

TORCH infection suffered antenatally, especially in the first trimester, also
increases the chance of developing microcephaly [47]. In addition to TORCH patho-
gens, the Zika virus has received particularly high press coverage in recent years due
to the increased number of cases in the US. The association between Zika virus infec-
tion during pregnancy and primary microcephaly was quickly shown to be signifi-
cant. 41,473 pregnant women infected with Zika virus were studied in Brazil between
2015 and 2016. Of these, 1950 cases of microcephaly associated with infection were
recorded [49]. The almost 5% case rate is a huge increase compared to the average
of 0.02%, and therefore more attention should be paid to mapping the teratogenic
effects of Zika virus and preventing infection.

In particular, exposure to harmful substances such as maternal alcohol consumption
in the first trimester increases the risk of developing microcephaly in addition to neural
tube defects and hydrocephalus. Since fetal hypoxia during pregnancy can also lead to
the development of microcephaly, special attention should be paid to pregnant women
with placental insufficiency [47].

Isolated microcephaly is an autosomal recessively inherited disorder. Its
pathomechanism is a disorder of neurogenic tissue mitotic activity, with normal cell
migration and apoptosis [48]. Currently, 18 genes have been identified in the patho-
genesis of primary microcephaly. All are members of the MCPH (autosomal recessive
primary microcephaly) gene family.

In addition to the autosomal recessive form, mutations in other gene families are
known to lead to primary microcephaly. These include KIF2A, KIF5C and KIF11 from
the kinesin family, and TUBGI, TUBB2B and TUBA1A from the tubulin family. The
proteins encoded by these genes also contribute to the physiological function of the
microtubule system.

Among chromosomal abnormalities, microcephaly is often associated with Patau,
Edwards and Down syndromes [17].

2.7.4 Diagnostics

Ultrasound diagnosis is made by calculating the head circumference, calculated
from the biparietal diameter and the occipitofrontal diameter. This derived value is
compared with the mean value for the developmental stage and sex, and if it is at least
two [50], in other sources three [46], standard deviations lower than the mean, it
raises the possibility of microcephaly.

However, it is worth noting that individual variations may occur without
organic deviation, and therefore further examinations to exclude false positivity is
always important in the diagnosis of microcephaly. Other imaging, MRI, 3D or 4D
ultrasound may be helpful. If a genetic abnormality is suspected, depending on the
gestational age, amniocentesis and detailed genetic testing should be considered,
especially if microcephaly is associated with other suspected signs (e.g. Intrauterine
Growth Restriction, IUGR).
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2.7.5 Postnatal morphology and associated disorders

Microcephaly may be associated with certain syndromes. One of these is the
autosomal recessive Meier-Gorlin syndrome, which is caused by mutations in the
ORC1, ORC4, and ORC6, CDT1 or CDC6 gene. The syndrome is one of the primor-
dial dwarfisms and is characterised by intrauterine growth retardation, absence of
patella, small ears and microcephaly. Pulmonary emphysema is common [51]. Other
notable conditions include Nijmegen-Breakage syndrome, Ligase IV syndrome,
Warsaw-Breakage syndrome, severe combined immunodeficiency (SCID) or Bloom
syndrome [52].

2.8 Sacrococcygeal teratoma
2.8.1 Epidemiology

Sacrococcygeal teratoma is the most common neonatal tumour with a prevalence
of 0.027/1000 live births. Its origin is pluripotent cell proliferation with tissue from all
three germinal discs. The origin of the cells is remnant cells of the primitive streak or
primordial germ cells [53]. It is more common in female foetuses, with a 4:1 ratio [54].

2.8.2 Fetal morphology and prognosis

The typical site of the tumour is the sacral region, hence its name, and it can
often grow very large. In terms of pathology, it can be benign (mature) or malignant
(immature). The majority of tumours (90%) are benign [55]. The tumour may be
cystic or solid, as well as mixed in appearance. Often it may degenerate secondarily,
calcify, or may contain haemorrhagic or necrotic regions [55].

The Altman classification was established based on the anatomical location of the
tumour. Altman I is largely located externally, II has an associated intrapelvic tumour,
I1I is largely located in the abdominal cavity, and IV is predominantly located presa-
crally, often without an externally visible tumour [56].

At prenatal diagnosis, the prognosis is poor, with frequent intrauterine death,
mainly due to cardiac failure. In contrast, the prognosis is excellent after surgical
intervention for postnatally diagnosed sacrococcygeal teratomas [54].

2.8.3 Aetiology

Sacrococcygeal teratoma is rarely associated with chromosomal abnormalities.
There is literature evidence that sacrococcygeal teratoma can be associated with par-
tial 13q22 trisomy [57]. Mutations associated with the 12p region are common in adult
germ cell tumours, but this mutation has not been detected in “pure” sacrococcygeal
teratomas [58]. However, the 12p mutation is common in sacrococcygeal teratomas
where a yolk sac component is also present in the tumour. Based on this, Emans et al.
suggest that sacrococcygeal teratomas should be classified into two groups depending
on the absence or presence of the 12p isochromosome [59].

Rarely, sacrococcygeal teratoma may be part of the Currarino triad. It is an autosomal
dominant inherited disorder with mutations in the HLXB9 gene in the 7q36 region and is
associated with anorectal malformations and presacral tissue proliferation and tumours
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in addition to teratoma. Presacral tumours associated with the Currarino triad have a
much lower chance of malignancy than non-syndromic forms [60].

In other rare cases, it may be associated with 3q trisomy, resulting in a Cornelia de
Lange syndrome-like phenotype (short stature, bone developmental malformations,
mental retardation, facial developmental abnormalities) [59].

2.8.4 Diagnostics

One of the most important suspicious signs is a larger uterus compared to the
gestational age. This is caused by the size of the tumour or by the associated polyhy-
dramnios. The visible tumour mass required to confirm the suspicion may be seen
on ultrasound from as early as week 13, but its differential diagnosis is difficult, as
the visible mass in the sacral region may also be pseudocyst, obstructive uropathy or
meconium. In such cases, as is often the case in neurodevelopmental disorders, it is
worthwhile to have an additional MRI scan.

An enlarged placenta and/or fetal hydrops may cause the mother to develop a
condition similar to eclampsia, maternal mirror syndrome.

2.8.5 Postnatal morphology and associated disorders

The American Academy of Paediatrics Surgical Section (AAPSS) has developed
a classification system that allows inferring the chance of malignancy and future
complications depending on the presence of presacral and external tumours, the
diagnosis, the success of the resection. In the I to IV scheme, grade I is the mildest
with the least tendency to malignancy, while grade IV is the most severe and most
likely to malign [55].

Associated abnormalities are usually consequential, so obstruction of the urinary
tract, hydronephrosis, rectal atresia, bony malformation of the sacral region as well as
fetal hydrops may occur [55]. Hip dysplasia and hydronephrosis may also be associ-
ated with sacrococcygeal teratoma in an unconsequential manner, so screening for
these is essential both ante- and postnatally [56].

2.9 Kinked brainstem
2.9.1 Epidemiology

Kinked brainstem is an extremely rare condition. It is often only recognised
postnatally. Precise figures on its incidence are not yet available.

2.9.2 Fetal morphology and prognosis

A kinked brainstem (twisted brainstem, fractured brainstem, also known as a
Z-shaped brainstem) is a rare lesion, a sign of severe neurodysgenesis [61] on pre- or
postnatal brain MRI scans. It usually occurs in association with other neurodevelop-
mental disorders and has a poor prognosis [62].

The posterior fossa is formed early during gestation. Brainstem folding occurs
between the third and eighth week, with cerebellum development complete by the
16th week of gestation. Between the third and fifth week, the forebrain folds in
accordance with the developing brainstem structures, creating the flexura cephalica,
flexura pontis and flexura cervicalis. In the kinked brainstem, the angle of the
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flexures is increased, normal brainstem and cerebellar development are inhibited, and
cerebellar hypoplasia is, therefore, an associated abnormality in almost all cases [61].

2.9.3 Aetiology

So far, three syndromes have been identified in which kinked brainstem is present
as an associated disorder: alpha-dystroglycanopathies (e.g., Walker-Warburg syn-
drome), tubulinopathies and X-linked hydrocephalus.

Alpha-dystroglycanopathies are heterogeneous congenital muscular
dystrophies with brain, muscle and eye involvement [63]. At the more severe
end of the spectrum is autosomal recessive Walker-Warburg syndrome, a defect
in O-mannosyltransferase. It is often associated with ocular abnormalities (e.g.
microphthalmia, retinal detachment), but these can often only be diagnosed
after birth. Other alpha-dystroglycanopathies include muscle-eye-brain disease,
Fukuyama muscular and cerebral dystrophy and muscle-eye-brain disease with
bilateral multicystic leukodystrophy.

Alpha-dystroglycanopathy may be suspected if cobblestone lissencephaly is pres-
ent. The trunks may be enlarged. Encephalocele is not a diagnostic criterion but may
confirm suspicion [61, 62].

The genes identified so far that cause alpha-dystroglycanopathy are FKRE FKTN,
POMT1, POMT2, POMGnT1, LARGE, ISPD, GTDC2, DAG1, TMEMS5, B3GALNT?2,
B3GNT1, GMPPB, SGK196, DPM1, DPM2, DPM3, DOLK [64].

There are two types of tubolinopathy, a more severe and a milder form. The more
severe form is associated with microlissencephaly and ‘kinked brainstem’, the milder
form is associated with more non-specific nervous system abnormalities. Three genes
have been identified so far in its background: TUBA1A (chromosome 12), TUBB2B
(chromosome 6) and TUBB3 (chromosome 16) [65].

X-linked hydrocephalus is caused by the LICAM (X-chromosome) mutation. It
is suspected if the fetus is a boy and the cerebral aqueduct is not detectable on MRI
even with a high T2 signal (however, this is difficult to diagnose if the fetus is small
or moves around a lot during the scan). Spasticity and adduction of the thumbs may
be associated (mainly seen on dynamic ultrasound, but not a diagnostic criterion).
Usually, the hemispheres and trunks are not affected by the lesion [62].

2.9.4 Diagnostics

The abnormality is usually diagnosed prenatally during an MRI scan for suspected
ventriculomegaly or other intracranial lesions. If the anomaly has not been diagnosed
prenatally, a newborn with a kinked brainstem will require intensive care and will be
in poor condition. Regardless of the associated abnormalities, the newborn presents
with a variety of neurological symptoms, hypotonia and seizures [62].

2.9.5 Postnatal morphology and associated disorders

The kinked brainstem refers to the increase in the angle of the pontomesencephalic
transition, exact figures have not been described so far. The brainstem may dislocate
posteriorly or anteriorly at the midbrain bridge level. It is often associated with other
intracranial abnormalities. Cerebellar hypoplasia is almost always present.

Other associated abnormalities may include ventriculomegaly, dys- or agen-
esis of the corpus callosum, delayed cortical development, neuron migration
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disorders (e.g., lissencephaly), Dandy-Walker malformation, vertex encephalo-
cele, abnormal cerebral hemispheres or abnormal head size (micro- or macro-
cephaly) [61].

Polymicrogyria and cobblestone lissencephaly are strongly suggestive of alpha-
dystroglycanopathy, but the assessment of neuronal migration is difficult prenatally
because the fetal brain is brainstem-rich until about 16 weeks gestation. Cerebellar
cysts may also be present, however, these do not develop until the second week after
birth [63].

The complicating factor is the secondary damage to cortical structures due to
preexisting ventriculomegaly and hydrocephalus.

In a review of seven cases, Stroustrup et al. found that in two cases, the “kinked
brainstem” was misidentified as a cerebellum on ultrasound [61]. Since the posterior
fossa and the brainstem area are difficult to examine by ultrasound, it is advisable to
request an MRI scan in case of a suspicious finding.

Theoretically, the abnormality can be diagnosed from week 7, but in practice, it is
usually detected during the second-trimester screening.

2.10 Iniencephaly
2.10.1 Epidemiology

Iniencephaly is a complex malformation characterised by the absence of a neck,
pronounced cervicothoracic lordosis and spina bifida.

Its prevalence is very rare and varies between 1 and 0.02/1000 live births, how-
ever, the actual prevalence may be higher, as iniencephaly is not always described as
part of complex disorders [66].

2.10.2 Fetal morphology and prognosis

It is characterised by the complete or partial absence of the os occipital scales and
of the cervical and thoracic vertebrae, an irregular fusion of the existing vertebrae
and absence of the neck due to abnormalities in the closure of the vertebral arch. The
foramen magnum is wider, while the posterior fossa is usually smaller. Due to the high
degree of lordosis of the cervicothoracic spinal segment, the head is strongly tilted
backwards, the face is upward (so-called “stargazing”) and the trunk is shortened. It
is often associated with other neural tube defects, open spina bifida or anencephaly.
The disease has a very poor prognosis. If born alive, the newborn dies within a few
hours (although one case has been described where the affected individual survived
to adulthood and retained his or her intellect) [67].

We distinguish between two types of iniencephaly, iniencephaly apertus
(with encephalocele) and iniencephaly clausus (without encephalocele) [68].

2.10.3 Aetiology

Its occurrence is predominantly sporadic. It is more common in female foetuses.
Environmental effects have been described in association with maternal syphilis
and drug intoxication. Chen et al. found chromosomal abnormalities in 5 of 16 cases
studied (two cases of trisomy 18, two cases of trisomy of chromosome 13 mosaic and
one case of monosomy of chromosome X mosaic) [66].
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Since this is a type of neural tube defect, adequate folate supplementation can reduce
the chances of its development, and all the factors described above as leading to the
development of neural tube defects also contribute to the development of iniencephaly.

2.10.4 Diagnostics

Cuillier et al. diagnosed iniencephaly by transvaginal ultrasound at the 9th
gestational week as the earliest on the basis of acrania, encephalocele and short-
ened spine [69]. Iniencephaly can be diagnosed with certainty from gestational
week 13. Ultrasound signs include extreme dorsiflexion of the head, abnormally
short and deformed spine and occipital meningocele. Polyhydramnios is always
present.

In terms of differential diagnosis, it should be distinguished from cervical
hyperextension, prenatal teratoma, lymphangioma, cervical myelomeningocele,
Klipper-Feil and Jarcho-Levin syndromes.

Klipper-Feil syndrome is caused by a failure of segmentation of the cervical vertebrae
early in gestation. There is no spina bifida in this case. There are usually associated neuro-
logical symptoms, often associated with deafness. Most cases are sporadic, but autosomal
dominant and recessive forms have been described [66]. Klipper-Feil syndrome can be
subsequently treated surgically [68].

2.10.5 Postnatal morphology and associated disorders

In 84% of cases, other anomalies are also associated: anencephaly, encephalocele,
hydrocephalus, cyclopia, mandibular defect, cleft lip and palate, cardiovascular
anomalies, diaphragmatic hernia, omphalocele, gastroschisis, situs inversus, ren poly-
cysticum, arthrogriposis. It may also be associated with an undescribed frequency of
Dandy-Walker malformation, hydronephrosis, atresia of the gastrointestinal system
and umbilical artery singularis [66].

2.11 The epigenetics of fetal craniospinal malformations

As the cause of craniospinal malformations is usually multifactorial, it is under-
standable that epigenetic pathways should play an important role in neurulation,
although it is yet a poorly researched area. The relation between neural tube defects
and epigenetic pathways is the most studied part.

Multiple ways have been identified which affect the formation of neural tubes
epigenetically. The most reviewed topic is DNA methylation, although only animal
studies are available. In DNA methyltransferases DNMT3A and DNMT3B knocked-
out mice neural tube defects are more common. It is also possible that DNMT3L
plays a role in the process too, although it is less researched [70]. Mouse models have
also been made to examine histone acetyltransferases, and it has been identified that
histone acetyltransferases GCN5 and CBP are both play a significant role in neurula-
tion. It is supposed that it has an impact on human neural tube development too.
Nucleosome positioning, another example of epigenetic regulation, is also studied in
association with NTDs, as a subtype of ATP-dependent chromatin remodelling com-
plex, the SWI/SNF-related nucleosome remodelling BAF complex has been proved
to play an important role in the relation of neural tube closing in mice. Also, micro
RNAs, like CECR2 have been proven to cause exencephaly in animal models [71].
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It is clear that the epigenetic pathways do not function on their own, but rather as
a part of a complex system. It would be important to examine and understand more
about that as a part of future research.

3. Conclusion

In summary, by the second trimester, developmental disorders affecting the
nervous system can be diagnosed with a high degree of certainty by ultrasound, but in
case of doubtful findings, additional imaging tests should be performed. The devel-
opment of these disorders is multifactorial; both environmental and genetic factors
play a role. In the case of an abnormal ultrasound finding, genetic testing should be
performed to confirm the finding and to rule out inherited mutations in subsequent
pregnancies.
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Abstract

Ectopic pregnancy is defined as the implantation of a fertilised egg outside the
uterine cavity. The site of ectopic pregnancy are Fallopian tube. Cervix, ovary,
peritoneal cavity, or uterine scars. Other two site of implantation are cornual preg-
nancy and interstitial pregnancy. Diagnostic tests for ectopic pregnancy include a
urine pregnancy tests, Serum beta hcG and ultrasound. The instant result of a urine
pregnancy test is a useful pointer for the clinician to suspect an ectopic pregnancy.
The test is a useful triage tool for clinicians to rule out a pregnancy when the clinical
situation is not clear such as a patient who is not sure of dates, does not remember
or is in a state of shock and the history cannot be elicited. Ultrasound remains
the mainstay of the diagnosis and high index of suspicion and a detailed history
are pre-requisite of scanning. Different ultrasonography feature are diagnostic of
different site of implantation. For uterine scar pregnancy ultrasonologic criteria are
not validated still now.

Keywords: ultrasound, b HCG

1. Introduction

The proverb black cat in dark night fits into the diagnosis of ectopic pregnancy.
To diagnose ectopic pregnancy clinician’s mind should be suspicious about ectopic
pregnancy. The most common ectopic site of implantation (97%) is the fallopian
tube. The most common site for tubal pregnancy is ampulla, followed by isthmus,
fimbrial and interstitial. Sometimes twin tubal pregnancy with both embryos in
one tube or with one in each tube has been noted [1]. The other sites of ectopic
pregnancies are implantation in the cervix, ovary, peritoneal cavity, or uterine
scars. A growing ectopic pregnancy in any location can make the tissue vascular,
friable and eventually rupture and result in intra-abdominal bleeding. This is a life
threatening medical emergency. In history the risk factors like Pelvic inflamma-
tory disease, including pelvic tuberculosis, previous ectopic pregnancy, pregnancy
with an intrauterine device, tubal surgeries (ligations, reconstructions, and re-
implantations), history of STD, smoking, infertility, ovulation induction and ART
procedures should be elicited. The majority of women with ectopic gestation have
no identifiable risk factor.

Ectopic pregnancy should be suspected in any woman with child bearing age
presenting to the clinic or emergency department with symptoms of amenorrhea,
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pain abdomen, and vaginal bleeding [2]. They may present with the complaint

of fainting, collapse, breathlessness, or dizziness. Uncommon symptoms include
diarrhoea, pain in the shoulder, rectal pressure, urinary symptoms, and anaemia. A
small, undisturbed tubal pregnancy, the physical examination might be normal. In
these situations, the diagnosis is dependent on investigations. On the other hand,
with late presentations, there could be a disturbance of the vital signs and features
of shock may be present including tachycardia, tachypnoea, hypotension, and
rarely bradycardia. On abdominal examination there may be guarding, rigidity and
tenderness. There could be also cervical motion tenderness, adnexal tenderness or
fullness in the adnexae and pouch of Douglas. The presence of abdominal signs with
altered vital parameters suggests presence of hemoperitoneum and mandates urgent
resuscitation and management at a centre with appropriate facilities for blood
transfusion and surgery.

Diagnostic tools for ectopic pregnancy are urine pregnancy tests, Serum
beta-hCG and transvaginal or trans-abdominal ultrasound. Clinical suspicion
combined with these tests plays a very important role in diagnosis and manage-
ment of ectopic pregnancy. The instant result of a urine pregnancy test is a useful
pointer for the practitioner to suspect an ectopic pregnancy. This kit test is easily
available at low cost and is reliable. The test is a useful triage tool for clinicians to
rule out a pregnancy when the clinical situation is doubtful such as a patient who
is not sure of dates, does not remember or is in a state of shock and the history
cannot be elicited.

Laboratory tests of a single laboratory value of beta-hCG might not be useful
to diagnose the location of a pregnancy. The typical level in a healthy intrauterine
pregnancy on the day of the missed period is 50 to 100 IU/L. In a normal intrauter-
ine pregnancy, levels of serum beta-hCG will double every 1.4 to 2.1 days and peak
between 50,000 and 100,000 IU/L at 8 to 10 weeks of pregnancy. Compared to the
pattern observed in healthy intrauterine pregnancies, the rate of increase between
two serum-hCG levels when it is done 48 hours apart is slower.

Progesterone levels are not useful for the diagnosis of an ectopic and maybe used
in the prognostication of pregnancy of unknown location.

Ultrasound remains the mainstay of the diagnosis [3]. High index of suspicion and
a detailed history are pre-requisite of scanning. The majority of tubal ectopic preg-
nancies should be visualised on transvaginal ultrasound.

Transvaginal ultrasound has sensitivities of 87.0-99.0% and specificities of
94.0-99.9% for the diagnosis of ectopic pregnancy [4]. Usually most of the ectopic
pregnancies will be visualised on the initial ultrasound examination [5]. When
no intrauterine or extauterine pregnancy is seen in USG it is called pregnancy of
unknown location (PUL). Ectopic pregnancies initially classified as a PUL on the
initial scan may be ectopic pregnancies are just too small and too early in the disease
process to be visualised on the initial ultrasound examination. Sometimes the limit-
ing value of beta-hCG should be evaluated, below which intrauterine pregnancies
cannot be seen on USG. In case of PUL serial beta-hCG level assays adone to identify
pattern that indicate either a growing or failing IUP. Without clear evidence for
ectopic pregnancy, serial f-hCG level is advised and a level is checked after 48 hours.
This wards off unnecessary medical therapy and avoids harming an early normal
pregnancy. With more concern for an ectopic gestation, D&C is another option to
distinguish an ectopic from a failing IUP. Normal rise B-Hcg does not exclude normal
and ectopic pregnancy [6]. Laparoscopy is no longer the gold standard for diagnosis
of ectopic pregnancies.
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2. USG findings

An inhomogeneous or non cystic adnexal mass is the most common finding, about
50-60% of cases.

An empty extra-uterine gestational sac will be present in around 20-40% [7] of
cases and an extra-uterine gestational sac containing a yolk sac and/or embryonic
pole that may or may not have cardiac activity will be present in around 15-20% of
cases [7].

There is no specific endometrial appearance or thickness, based on which diagnosis
of tubal pregnancy can be confirmed. A few of cases, in around 20%, a collection of
fluid may be seen within the uterine cavity, known as ‘pseudosac’ It is difficult to dif-
ferentiate pseudosac from an early intrauterine gestational sac. The intradecidual and
double decidual signs indicates early intrauterine pregnancy (Figures 1 and 2). The
intradecidual sign is eccentrically located echogenic area within a markedly thickened
decidua [8]. The double decidual sign is described as an intrauterine fluid collection
surrounded by two hyper echogenic rings [9]. But practically, it is very difficult to dis-
tinguish a ‘pseudosac’ which is just a collection of fluid in the endometrial cavity from

Figure 1.
Double decidual sign.

Figure 2.
Intradecidual sign.
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an early intrauterine sac. A small anechoic cystic structure is more likely to be an early
sac rather than a ‘pseudosac’. Positive pregnancy test with and a small anechoic cystic
structure without adnexal mass has probability of ectopic pregnancy is 0.02% [9].

When free fluid is seen on ultrasound, it is not a pinpointing feature of ectopic
pregnancy. A small amount of anechoic fluid in the pouch of Douglas may be found
physiologically in normal pregnancy and may be seen with ectopic pregnancies.
Which may signify tubal rupture, Most commonly the echogenic fluid has been
reported is due to blood leaking from the fimbrial end of the fallopian tube but it
may be tubal rupture. Culdocentesis was used in the past to diagnose hemoperito-
neum. Fluid with old blood clots and blood does not clot points to hemoperitoneum.
If the blood sample clots it may have been drawn from nearby blood vessel or from
profound bleeding ectopic pregnancy. Nowadays culdocentesis is not advised it is
replaced by usg.

3. Cervical pregnancy

Cervical ectopic pregnancy is diagnosed by following usg criteria:

1. Empty Uterus

2.abarrel-shaped cervix,

3.a gestational sac is seen below the level of the internal cervical Os,

4. ‘Sliding sign’ usually absent

5.0n colour Doppler, Blood flow around the gestational sac

The ‘sliding sign’ distinguishes cervical ectopic pregnancies and miscarriages that
are within the cervical canal. It is present in cervical miscarriage but absent in cervical
ectopic gestation.

When pressure is applied to the cervix using the probe, in a miscarriage, the ges-
tational sac slides against the endocervical canal, but does not in an cervical ectopic
gestation.

Cervical Ectopic Gestation usually develops in fibrous wall of the cervix. Risk fac-
tors includes previous dilatation and curettage operation and pregnancy due to ART
may be implanted in cervical canal [10, 11]. Usually the women present with painless
vaginal bleeding and sometimes with massive haemorrhage [12].

Clinical criteria for diagnosis of cervical pregnancy [13].

* Pregnancy with painless vaginal bleeding.

* Soft and expanded cervix with length is equal or more than fundus wasp like or
hourglass shape.

* Product of conception firmly attached to cervical canal.

* Closed internal os and partially opened external os (Figure 3).
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Figure 3.
Cervical pregnancy.

4. Caesarean scar pregnancy

The diagnosis of Caesarean scar pregnancy made by using transvaginal usg some-
times supplemented by trans-abdominal imaging if required.

Magnetic resonance imaging (MRI) can be used as a second-line investigation if
the diagnosis is suspicious. Usually women with CSP present with painful bleeding
PV and nearly half of women are asymptomatic.

Caesarean scar pregnancy is defined as implantation into the myometrial defect
occurring at the site of the previous uterine scar.

The diagnostic criteria described for caesarean scar implantation on transvaginal
ultrasound include: [14].

1. Empty uterine cavity and endocervical canal

2. Gestational sac or solid mass of trophoblast located anteriorly at the level of the
internal Os embedded at the site of the previous lower uterine segment caesarean
section scar

Figure 4.
Caesarean scar pregnancy.
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3. Myometrial layer between bladder and gestational sac is absent or thin.
4. Evidence of prominent trophoblastic/placental circulation on Doppler examination.

5. Pregnancy less than 8wks triangular gestational sac is seen previous caesarean scar
defect but after 8 weeks of gestation the gestational sac become rounded or oval.

The true prevalence of caesarean scar pregnancies is likely to be somewhat higher
than estimated in the literature as some cases end in the first trimester, either by
miscarriage or termination, and go unrecorded. A few percentages of reported cases
of caesarean scar pregnancy were wrongly diagnosed as intrauterine or cervical

pregnancies at presentation (Figure 4).

5. Interstitial pregnancy

When the implantation occurs in the proximal part of fallopian tube that lies
within the muscular layer of uterus. Ipsilateral salpingectomy is a risk factor for
interstitial pregnancy.

The following ultrasound scan criteria may be used for the diagnosis of interstitial
pregnancy:

1. Empty uterine cavity, eccentric implantation,>1 cm away from the most lateral
edge of uterine cavity.

2. Gestational sac surrounded by less than 5 mm of myometrium in all imaging
planes,

3. And presence of the ‘interstitial line sign’ An echogenic line extends from gesta-
tional sac to uterine cavity. It is highly sensitive and specific.

Dimensional ultrasound may be used if available to avoid misdiagnosis.

Figures.
Interstitial pregnancy.

6



Diagnosis of Ectopic Pregnancy
DOI: http://dx.doi.org/10.5772/intechopen.101715

MRI may be useful in addition to ultrasonography in the diagnosis of interstitial
pregnancy (Figure5).

6. Cornual pregnancy

The implantation occurs in the rudimentary horn of uterus it may be communicating
or non communicating. It is a confusing terminology. Some authors prefer the cornual
pregnancy when implantation occurs in upper lateral part of uterine cavity of normal
uterus.

Ultrasound scan criteria are used for the diagnosis of cornual pregnancy:

1. Visualisation of a single interstitial portion of fallopian tube in the main uterine

body,

2. gestational sac/products of conception seen mobile and separate from the uterus
and completely surrounded by myometrium,

3. And a vascular pedicle adjoining the gestational sac to the unicornuate uterus.

7. Ovarian pregnancy

Findings suggestive of an ovarian ectopic pregnancy on transvaginal ultrasound
with an empty uterus are:

1. A wide echogenic ring with an internal anechoic area on the ovary is seen com-
monly. A yolk sac or embryo is rarely seen [15].

2.1t is not possible to separate the cystic structure or gestational sac from the ovary
on gentle palpation (negative sliding organ sign).

3. Corpus luteum is identified separately from the suspected ovarian pregnancy.

4.Colour Doppler might be useful to detect foetal heart pulsation within the
ovary.

A complex echogenic adnexal mass with free fluid in the pouch of Douglas may be
the ruptured ovarian ectopic pregnancy.

Usually it is difficult to distinguish ovarian ectopic pregnancies from corpus luteal
cysts, tubal ectopic pregnancy stuck to the ovary, a second corpus luteum, ovarian
germ cell tumours and other ovarian pathologies and the diagnosis is confirmed
surgically and histologically in most of the cases.

8. Abdominal pregnancy

When the implantation occurs in intraperitoneal cavity excluding tubal,ovarian
and intraligamentous pregnancy. Usually the women have vague symptoms or no
symptoms. Abnormal foetal position may be palpated.

7
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MRI might be a useful diagnostic adjunct in advanced abdominal pregnancy and
can help to plan the surgical approach.

1. Early abdominal Pregnancy, no intrauterine gestational sac.
2. Tubes and ovary are normal

3. A gestational sac surrounded by loops of bowel and separated from them by
peritoneum and there is no myometrium between anterior abdominal wall and
gestational sac.

4. A wide mobility similar to fluctuation of the sac, particularly evident with pres-
sure of the transvaginal probe toward the posterior cul-de-sac.

Sonographic diagnosis may not be useful. MRI is very much useful to confirm the
diagnosis and to identify placental implantation because placenta may be implanted
over vital structures, such as major blood vessels and bowel [16]. This can help to
make preoperative preparedness for perioperative considerations, such as the surgical
approach, requirement of blood products, preoperative angiographic embolisation,
bowel preparation and insertion of ureteral catheters. Precise mapping of the location
of the placenta by using ultrasound and/or MRI prior to laparotomy to avoid incising
the placenta and the associated risk of uncontrollable haemorrhage is necessary.

9. Heterotopic pregnancy

When there are both intrauterine and extrauterine implantation it is called
heterotropic gestation it can be diagnosed with ultrasonography.

Heterotopic pregnancy should be suspected in if conception is after assisted repro-
ductive technologies, with an intrauterine pregnancy and complaining of persistent
pelvic pain and in those.

women with a persistently raised beta-hCG level following miscarriage or ter-
mination of pregnancy. A higher than expected level of serum beta-hCG in relation
to gestational age may be suspicious of heterotopic pregnancy but, the presence of a
complete or partial mole must be ruled out. Two corpora lutea found on laparoscopy
or laparotomy. Sometimes patient may present with hemoperitoeum after termina-
tion of normal pregnancy or persistence of enlarged uterus and amenorrhoea after
excision of ectopic pregnancy.

10. Conclusion

Ectopic pregnancy is associated with high maternal mortality and morbidity.
With early diagnosis complications can be avoided. Primary modality of diagnosis is
Ultrasound Scan. Hence Obstetrician should be well trained to diagnose ectopic preg-
nancy, and clinician should have high index of suspicion to diagnose ectopic pregnancy.
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Chapter

Non-tubal Ectopic Pregnancy:
Diagnosis and Management

Adebayo A. Adeniyi and Christopher A. Enakpene

Abstract

Ectopic pregnancy is the leading cause of maternal mortality in the first
trimester, and prompt diagnosis and intervention are essential to ameliorate
its associated complications. A majority of ectopic pregnancies are tubal, but
extra-tubal pregnancy may pose more challenges in diagnosis and treatment.
Early diagnosis of extra-tubal pregnancies requires high index of suspicion using
transvaginal ultrasound and at times complemented with the help of magnetic
resonance imaging. Similar to tubal pregnancy, extra-tubal ectopic pregnancies
can be treated using surgical approach via laparotomy versus laparoscopy, or
medical intervention with methotrexate, potassium chloride and most recently,
mifepristone and epidermal growth factor inhibitor (gefitinib). For abdominal
and ovarian ectopic pregnancies, the best surgical approach is via laparotomy or
laparoscopy, while for cervical ectopic pregnancy and cesarean scar pregnancy
(CSP), initial medical treatment with methotrexate, then suction curettage
under ultrasound guidance, or hysteroscopic resection can suffice. All patients
with extra-tubal pregnancy should be well counseled about the associated com-
plications, fertility preserving intervention, and need for prolong monitoring
especially those that choose medical therapy.

Keywords: cervical, ovarian, abdominal, cesarean section scar, interstitial,
pregnancy, medical, surgical, treatment

1. Introduction

Ectopic pregnancy is defined as the implantation of a fertilized ovum outside
the normal endometrial lining of the uterine cavity, and it accounts for 1-2% of
all pregnancies [1, 2]. The true incidence of ectopic pregnancy is unknown but
it accounts for 18% of women seen in the emergency room for first trimester
vaginal bleeding, or abdominal pain, or both [3]. Moreover, ruptured ectopic
pregnancies are responsible for 2.7% of all pregnancy-related deaths, and it is
the leading cause of hemorrhage-related mortality [4]. About 95% of ectopic
pregnancies occur in the oviduct or the Fallopian tube, while the remaining
5% occur in different locations such as the cervix, ovary, abdominal cavity and
previous uterine scar especially cesarean section scar [5]. There have also been
reported cases of ectopic pregnancy in unusual locations such as the intrahe-
patic ectopic pregnancy.
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2. Etiology and risk factors

The risk factors for tubal ectopic pregnancy are well known, and this include
poorly treated pelvic inflammatory disease (PID) mostly due to chlamydia and
gonorrhea, history of ectopic pregnancy, tubal surgeries including tubal steriliza-
tion procedure, pelvic surgery and congenital anomalies of the Mullerian duct
such as abnormally long fallopian tubes, unicornuate or bicornuate uterus. Other
risk factors include infertility, smoking, use of intrauterine contraceptive device
(Levonorgestrel impregnated or Copper IUD), and utero exposure to diethylstil-
bestrol. While the causes of extra-tubal pregnancy are less defined, it is clear that
assisted reproductive techniques have contributed significantly to the incidence of
all ectopic pregnancies especially the extra-tubal pregnancies [6].

3. Ovarian pregnancy

Ovarian ectopic is also a rare variant of extra-tubal ectopic pregnancy. It
accounts for about 0.5% of all ectopic pregnancies [7]. The incidence of ovarian
ectopic pregnancy after natural conception ranges from 1 in 2000 to 1 in 60,000
deliveries and accounts for 3% of all ectopic pregnancies among intrauterine
devices users [7]. Most ovarian ectopic pregnancy (OEP) will rupture before the
end of the first trimester, but few cases that progressed to term have been reported.

Risk factors for ovarian ectopic pregnancy:

1. Embryo migration related to the presence of certain conditions that cause
fallopian tube epithelial damage that alters tubal motility [8].

2. A hindrance in the release of the ovum from the ruptured follicle [9].
3. Inflammatory thickening of the tunica albuginea [10].

4. 1UD insertion is the most significant risk factor for primary OEP in 57-90%
of the cases [8, 9]. This is because IUD provider protection for intrauterine
implantation, but it does not prevent ovarian implantation [11].

Criteria for diagnosis of ovarian pregnancy as described by Spiegelberg in 1878:
1. Fallopian tube on the ipsilateral (affected) side must be intact.

2. The gestational sac must occupy the normal anatomical position of the ovary
in the ovarian fossa (see Figure 1) [12].

3. The gestational sac is connected to the uterus by the ovarian ligament.

4. Ovarian tissue must be found on the wall of ectopic pregnancy on histological
examination [13].

3.1 Treatment

The classical management of ovarian pregnancies is surgical. Early bleeding for
small lesson has been managed by ovarian wedge section or cystectomy [14]. With
larger lesions, ovariectomy is most often performed and this can be performed
via laparotomy or laparoscopy which can be used to excise the gestational sac, to
perform laser ablation or use of bipolar electrocoagulation. Methotrexate has been
used successfully to treat unruptured ovarian ectopic [15].
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Figure 1.
Ouvarian ectopic pregnancy. Transvaginal ultrasound showing a gestational sac located within the ovarian
stroma (white arvow) [12].

4. Abdominal pregnancy

Abdominal pregnancy is almost always due to secondary implantation, with the
primary sites being the tube, ovary or even the uterus. The conceptus result from
tubal abortion into the peritoneal cavity or escapes through a rent in the uterine
scar [16]. However, there have been reports of rare pseudo-abdominal pregnancies
where women have abdominal pregnancy after hysterectomy with intact ovaries.
This is most likely to have occurred via a fistula in the vaginal cuff in fertile women
following total hysterectomy or via cervical canal following supracervical hysterec-
tomy. The average incidence is above 1 in 3000 pregnancies. With the used of ART,
the incidence is found rising [17]. Primary implantation of the fertilized ovum on
the peritoneum is so rare that its existence is questionable.

4.1 Diagnosis
The diagnostic criteria of abdominal pregnancy as described by Studdiford in 1942:
1.Both the tubes and ovaries are normal without evidence of recent injury.
2. Absence of utero-peritoneal fistula.

3.Presence of a pregnancy related exclusively to the peritoneal surface and early
enough to eliminate the possibility of secondary implantation following pri-
mary nidation in the tube [18].

Apart from symptoms of lower abdominal pain and amenorrhea, symptoms
of normal uterine pregnancy are often exaggerated such as nausea, vomiting,
constipation and increased fetal movements. The fetal parts are felt easily and
persistent abdominal attitude and position of the fetus on repeated examination
is quite common. While abdominal high position the fetus is commonly found
in intraperitoneal pregnancy, though the fetus may be lying low in intraliga-
mentary pregnancy. The cervix is not typically soft and is usually displaced
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depending upon the position of the sac. Investigations done in case of suspected
abdominal ectopic pregnancy include abdominopelvic ultrasound which shows
absence of uterine wall around the fetus with close approximation to maternal
abdominal wall and visualization of the uterus separately. Magnetic resonance
imaging (MRI) can confirm the diagnosis and may be very accurate. Computed
Tomography (CT) is diagnostic and superior to MRI [19]. CT has the risk of radia-
tion. Lateral X-ray on standing position shows superimposition of fetal shadow
with the maternal spine shadow.

4.2 Treatment

Once the diagnosis is made the opinion is almost crystallized in favor of urgent
laparotomy irrespective of period of gestation. The risks of continuation of
pregnancy are; catastrophic hemorrhage, fetal death, increased fetal malforma-
tion and increased neonatal loss [20]. Thus, continuation of pregnancy for few
weeks hoping the baby to become mature enough to survive can only be justified
in exceptional circumstances such as a case where the pregnancy continued up
to 30 weeks and eventually resulted in a live born baby [21]. The patient and her
relatives should be informed about the eventuality. During the period, the patient
should be in the hospital. The ideal surgery is to remove the entire sac, fetus, the
placenta and the membranes. This may be achieved if the placenta is attached to a
removable organ like uterus or broad ligament. However, if the placenta is attached
to vital organs, it is better to take the fetus and leave behind the placenta and the
sac after tying and cutting the umbilical cord close to the placental attachment. In
such a situation, placental activity is to be monitored by quantitative serum fHCG
level and ultrasound. Complete resorption of the placenta occurs through aseptic
autolysis. Complications include secondary hemorrhage, intestinal obstruction and
infection.

5. Other types of non-tubal pregnancy

The most notable of other extra-tubal ectopic pregnancy are cervical pregnancy,
cesarean section scar pregnancy (CSP), interstitial pregnancy and also a recently
reported case of intrahepatic pregnancy.

6. Cervical pregnancy

Cervical ectopic pregnancies (CEP) probably the rarest of all ectopic pregnan-
cies and it occurs in about 1:16,000 pregnancies, with implantation occurring in
the cervical canal at or below the internal cervical os (see Figures 2 and 3) [7, 12,
22-24]. The etiology and risk factors for cervical ectopic pregnancy are similar to
those enumerated above, but previous overzealous uterine curettage with associ-
ated Asherman syndrome and in-vitro fertilization are probably the most impor-
tant risk factors. Previous cesarean section has also been implicated as a possible
risk factor.

The condition is commonly confused with cervical abortion. In cervical preg-
nancy, the bleeding is painless and the uterine body lies above the distended cervix.
Intractable bleeding following evacuation or expulsion of the products brings about
suspicion. The morbidity and mortality are high because of profuse hemorrhage
due to paucity of smooth muscles in the cervix, hence unable to contract to stop this
bleeding.
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Figure 2.
Early cervical ectopic pregnancy with embryonic pole. Transvaginal ultrasound shows: (1) an empty and
normal uterine cavity and (2) a cervical ectopic pregnancy with gestational sac and an embryonic pole

(arrows) [23].

Figure 3.
Cervical ectopic pregnancy with no definite gestational sac. Transvaginal ultrasound showing an organized
area with no definite gestational sac located within the posterior cervical stroma (white arrow) [24].

6.1 Diagnosis

Many criteria have been proposed for the diagnosis of ectopic pregnancy which
include mostly the anatomical and histological criteria described by Rubin in 1911
but later modified in 1983, the more practical criteria by Paalman and McElin and
finally, the sonographic criteria by Raskin et al.

The (Rubin, 1983) anatomical and histological criteria for cervical pregnancy
include
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1. Cervical gland must be opposite the placental attachment.

2.The placenta attachment to the cervix must be situated below the entrance of
the uterine vessels or below the peritoneal reflections of the anterior or poste-
rior surface of the uterus.

3.The fetal elements must be absent from the corpus uteri.

Rubin criteria require a hysterectomy specimen to satisfy these criteria.
Clinical diagnostic criteria as described by Paalman and McElin (1959)

1. Uterine bleeding without cramping pain following a period of amenorrhea.

2.Soft, enlarged cervix equal or larger than the fundus, (the “hourglass” appear-
ance of uterus).

3. Products of conception entirely confined within and firmly attached endocervix.
4. A closed/ snug internal cervical os.
5. A partially opened external os.

Raskin (1978) proposed ultrasound diagnostic features but later modified by
Timor-Tritsch et al.

1. Cervical enlargement.

2. Uterine enlargement.

3.Diffused intrauterine echoes.

4. Absence of intrauterine pregnancy.

5.Empty uterus or absence of gestational sac or embryo.

6. The entire product of conception (placenta and chorionic villi) must be located
below the internal os and the cervical canal must be dilated and barrel shaped.

Jurkovic (1996) criteria were introduced to distinguish primary cervical ectopic
pregnancy from an aborting intra-uterine pregnancy:

1. The “sliding sign” seen on transvaginal examination must be absent.
2.The demonstration of peri-trophoblastic blood flow to the fetus by color Dop-
pler flow must be present.
7. Cesarean scar ectopic pregnancy
Cesarean scar pregnancy (CSP) accounts for 0.04-0.05 of all pregnancies [1].
The prenatal diagnosis of CSP is by the presence of gestational sac at the site of the

previous uterine incision and the presence of an empty uterine cavity and cervix, as
well as thin myometrium adjacent to the bladder (see Figure 4) [25, 26]. Cesarean
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Figure 4.

Cesarean section scar ectopic pregnancy. Transvaginal ultrasound with 2-D and power Doppler showing: (1) normal
uterine cavity and endometvium, (2) gestational sac in the cesavean section scar anteriorly, and (3) the vasculature
around the gestational sac (white arrows) [25]. (A) shows cesarean ectopic pregnancy on a gray-scale ultrasound,
and (B) shows the same pregnancy on color Doppler showing ring of fire of vessels around the gestational sac.

scar pregnancy can be classified based on the degree of invasion of amniotic sac into
the myometrium, gestational age at diagnosis, presence of positive fetal heart beats
and myometrial thickness of the lower uterine segment. The management of these
rarer forms of ectopic pregnancy is just evolving.

Diagnostic criteria of cesarean scar ectopic pregnancy:

1. Empty uterus with clearly visualized endometrium.
2. Empty cervical canal.

3. Gestational sac within the anterior portion of the lower uterine segment at the
presumed site of the cesarean scar.

4.Thinned or absent myometrium below the gestational sac and bladder (< 5 mm
in two-thirds of cases) [27].

8. Cornual pregnancy

One of the most intriguing of ectopic pregnancies is the cornual or interstitial
pregnancy, though not strictly extra-tubal pregnancy. It is neither located in the
normal endometrial cavity nor in the normal fallopian tubes, but in the proximal
portion of the tube and within the musculature of the uterus. The discussion on
extra-tubal pregnancy cannot be complete without pointing out the implications
of late diagnosis or misdiagnosis of cornual pregnancy; a potentially dangerous
ectopic pregnancy. Often times, it can be mistaking for an intrauterine pregnancy
thereby continuing till late first trimester, about 10-12 weeks of gestation. When it
ruptures, it can result in rapid catastrophic hemorrhage because of the involvement
of the well-vascularized muscular myometrium, and can cause significant maternal
morbidity or mortality.

Diagnostic criteria of cornual ectopic pregnancy, 1992 [28]:

1. An empty uterine cavity.
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2. A chorionic sac found separated (> 1 cm) from the lateral edge of the
uterine cavity.

3. A thin (< 5 mm) myometrial layer surrounding the chorionic sac.

9. Diagnosis of non-tubal ectopic pregnancies
9.1 Pregnancy of unknown location (PUL)

Usually, the absence of intrauterine pregnancy, adnexal mass or abnormally
rising serum beta hCG without evidence of intrauterine gestation are not always a
confirmation of ectopic pregnancy. In the absence of any ultrasound evidence of
visible pregnancy, the terminology of pregnancy of unknown location (PUL) is use.
The prevalence of PUL is between 8 and 31% and it can be influenced by the quality
of ultrasonography in the given unit, and the experience of the ultrasonographer [29,
30]. Even when PUL is being suspected, there is usually no place for diagnostic suction
and curettage to determine the location of the pregnancy because this will disrupt
a potential intrauterine pregnancy. Sometimes, some cases of PUL may evolve into
ectopic pregnancy; tubal or non-tubal that may cause life threatening complications.

9.2 Ectopic pregnancies

Transvaginal ultrasound (TVUS) is the first line tool and the gold standard
diagnostic apparatus of ectopic pregnancy. Ectopic pregnancy is usually diagnosed
on TVUS as the presence of a mass with hyperechoic ring around the gestational sac
(“bagel sign”) or a gestational sac with a fetal pole with or without cardiac activity.
The sensitivity and specificity of TVUS in detecting ectopic pregnancy are 90.9 and
99.9%, respectively, with positive and negative predict values of 93.5 and 99.8%,
respectively. Another ultrasound feature of ectopic pregnancy is the trilaminar
pattern of endometrial thickness with sensitivity of 38% and specificity of 94% for
detecting ectopic pregnancy [31]. Magnetic resonance imaging is useful as a trou-
bleshooting tool when ultrasound is equivocal or inconclusive before intervention
or therapy [27]. Sagittal, coronal, and transverse sections of T1- and T2-weighted
magnetic resonance imaging sequences can be used to show the gestational sac
embedded in the anterior lower uterine segment, better evaluate pelvic anatomy,
improve intra-operative orientation, and assess the possibility of myometrial inva-
sion and bladder involvement [27, 32, 33]. Magnetic resonance imaging can also be
used to measure the volume of the lesion so as to help assess whether methotrexate
will be indicated and to predicts its success as medical intervention [27].

10. Management of non-tubal pregnancy

The management of extra-tubal ectopic pregnancy depends on the location, size
of the gestational sac, presence of fetal heart beats and symptoms at presentation.
The definitive management of extra-tubal ectopic pregnancy involves surgical
extermination of the gestational sac via laparotomy, laparoscopy, hysteroscopy
or suctional curettage under ultrasound guidance. Another advantage of surgical
extermination is that there is confirmation of ectopic pregnancy by histological
evidence of the presence of villi within the stroma of the affected structure.

Preservative procedures such as placement of cerclage; a pulse-string suture
or cervical plugging have been proposed as adjunct treatment for cervical ectopic
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pregnancy. Methotrexates therapy either systemic and /or local injections directly
into the gestational sac or intracardiac potassium chloride injection have also been
used especially when there is associated embryonic cardiac activity. Uterine artery
embolization with Gelfoam has also been used successfully to control hemor-
rhage. However, hysterectomy is often required to control intractable bleeding.
Occasionally, there may be no need for intervention due to declining serum beta
hCG levels in asymptomatic patients; however, these patients are usually closely
monitored to ensure spontaneous resolution of the pregnancy.

11. Medical management
11.1 Methotrexate

Methotrexate is a chemotherapeutic anti-metabolite that affects rapidly divid-
ing cells, and it is use in the treatment of cancers and connective tissues disorders
such as rheumatoid arthritis. The use of Methotrexate in the medical manage-
ment of ectopic pregnancy has to be thoroughly given serious consideration to
avoid inadvertent administration in patient with intrauterine pregnancy. Hence,
careful selection of appropriate candidate for Methotrexate treatment to improve
success rate is advised. In most instances, Methotrexate should only be given to
patients with confirmed or presumed ectopic pregnancy who are hemodynami-
cally stable with an unruptured gestational sac. The success rate is also depen-
dent on the level of serum beta hCG because single-dose systemic Methotrexate
had approximately 90% success rate if the initial serum hCG level is less than
5000 mIU/ml [34].

The indications and contraindications of Methotrexate should be reviewed
before every use. For some extra-tubal pregnancies like CSP and cervical pregnan-
cies, use of Methotrexate may be considered as the first and only option before
surgical intervention to minimize catastrophic hemorrhage. The higher the level of
serum beta hCG, the more likely the failure rate of using methotrexate in medical
management of all ectopic pregnancies. In view of this, some experts have recom-
mended use of two-dose or multiple-dose regimens for such patients if they are
not surgical candidates and medical management is warranted. Lipscomb et al.
demonstrated that a high serum hCG level is the most important factor associated
with failure of treatment with single-dose MTX protocol among women with tubal
ectopic pregnancy [35].

Contraindications to methotrexate therapy [36, 37].

Absolute contraindications

1. Pregnancy of unknown location of only one evaluation.
2. Peptic ulcer disease.

3. Intrauterine pregnancy.

4. Sensitivity to methotrexate.

5.Breastfeeding.

6. Suspected tubal rupture.

7.Immunodeficiency.
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8. Active pulmonary disease.
9. Unwilling or unable to return for follow up visits.
Relative contraindications
1. Gestational sac >3.5 cm.
2.Embryonic cardiac motion.
3. Hepatic, renal, or hematologic dysfunction.
4.Serum beta hCG > 5000 mIU/ml.
11.2 Pre-treatment evaluation

Blood type, serum hCG (to be used as “Day 1” level).
Safety labs: full blood counts, complete metabolic panel consisting of AST/ALT,
BUNY/Cr, also to be repeated prior to additional MTX dosing.

11.3 Systemic methotrexate treatment protocol

Systemic methotrexate is usually given as a single-dose or two-dose or fixed
multi-dose regimens. The single-dose regimen of 50 mg of methotrexate per body
surface area (BSA, m?) is usually given only on the first day, then followed by serial
monitoring of serum hCG on days 4 and 7. There is the possibility of repeating
the same dose on days 7 and 11 if there is less than 15% drop in the levels of hCG
between days 4 and 7 or between days 7 and 11. The two-dose regimen also uses
50 mg of methotrexate per BSA (m”) and it is predetermined to be given on days 1
and 4, then followed by serial serum hCG levels on days 4 and 7 or 11. There is also
a possibility of repeating the same dose on days 7 and 11 if the drop in serum hCG
levels between days 4 and 7 or days 7 and 11 are less than 15% respectively [36, 37].

The fixed multi-dose regimen uses 1 mg of methotrexate per kilogram body weight
for a total of four doses given on alternate days; on the first, third, fifth, and seventh
days while Folinic acid rescue is given on the second, fourth, sixth, and eighth days. This
regimen requires serial serum hCG monitoring on the days of methotrexate injections
until there is more than 15% drop from the previous level. Thereafter, continue weekly
to every 4 weeks monitoring until the serum hCG levels is less than 5 mIU/ml [36, 37].

Methotrexate can also be injected locally into the gestational sac or in the fetal
intracardiac space to enhance resolution of the pregnancy. This is usually done
under ultrasound guidance and it is given in combination with systemic injection in
various dosing regimens. Timor-Tritsch et al. suggested using a fixed dose of 75 mg
of methotrexate; 25 mg intracardiac injection, 25 mg inside the gestational sac while
the remaining 25 mg is given intramuscularly (Table1).

11.4 Adjuvant medical treatments and other interventions

Give anti-D immunoglobulin injection if patient is rhesus negative.

Advise patient to discontinue folic acid supplementation during MTX treatment.

Avoid pelvic exams and sexual intercourse during treatment period.

Caution patients: to reduce gastrointestinal side-effects, avoid alcohol and non-
steroidal anti- inflammatory drugs (NSAIDs).

Avoid prolonged exposure to sun due to sun hypersensitivity while on MTX.
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Single-dose regimen

Days Activities performed
1 MTX 50 mg/m” IM injection.
4and7 Measure hCG levels, a rise may be seen

on Day 4 compared to baseline Day 1.

If >15% drop from Days 4 to 7, continue to follow weekly until hCG < 5 mIU/ml.
If <15% drop from Days 4 to 7, repeat MTX 50 mg/m”, repeat serum hCG on Day 11.

Two-dose regimen

Days Activities performed

1 MTX 50 mg/m” IM injection.

4 MTX 50 mg/m” IM injection and serum
hCG level.

7 Serum hCG level, if >15% from Days 4
to 7, continue weekly until hCG < mIU/
ml.

If <15% drop from Days 4 to 7, repeat MTX 50 mg/m2 and check hCG on Day 11; if >15% drop from Days 7 to
11, continue to follow up weekly until hCG < 5 mIU/ml.
If <15% drop from Days 7 to 11, repeat MTX 50 mg/m2 and check hCG on Day 14; if >15% drop from Days 11
to 14, continue to follow weekly until hCG < 5 mIU/ml.

Fixed multi-dose regimen

Days Activities performed
1,3,57 MTX 1 mg/kg body weight.
2,4,6,8 Folinic acid 0.1 mg/kg body weight.

Measure serum levels of hCG on MTX dose days; continue dosing until hCG decreases >15% from previous
measurement.
Follow hCG until <5 mIU/ml.

MTX, methotrexate; hCG, human chovionic gonadotropin; IM, intramuscular.

Table 1.
Different vegimens of systemic methotrexate.

Avoid new conception until serum hCG is undetectable.

Combination of systemic and local injection of methotrexate.
Timor-Tritsch recommendation of combined local and systemic injection:
A. 25 mg intragestational sac.

B. 25 mg into the placental site as the needle is being withdrawn.

C. 25 mg intramuscular prior to patient discharge from the hospital.
University of Illinois at Chicago protocol (unpublished):

A. Half dose of 50 mg/m2 BSA injected into the intragestational sac.

B. The remaining half dose of MTX is injected intramuscularly.

11.5 Potassium chloride

In the presence of cardiac activity, intracardiac injection of potassium chloride
with 2 mEq/L under ultrasound guidance, and repeat until there is no longer
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cardiac activity. It usually requires 2-3 ml injections for the procedure. Potassium
chloride can be used as a stand-alone treatment intervention in ectopic pregnancy
or in combination with any of the methotrexate injection regimens. In a study of
18 ectopic pregnancies with active embryonic cardiac activity, mean serum beta
hCG levels of 33,412 IU/L and mean gestational age of 6 weeks and 6 days, 10 were
assigned to KCL injection in the gestational sac while 8 were in the methotrexate
group. There was no difference in time to resolution of ectopic pregnancies between
those injected with KCL and those with methotrexate [38]. Verma et al. in a three-
case series of women with concurrent injection of local KCL and systemic injection
of methotrexate, they demonstrated that complete resolution of ectopic pregnancy
was achieved and surgery avoided in all 3 cases [39].

11.6 Newer treatment combinations

The use of selective progesterone reception modulator (Mifepristone) as an
adjuvant for medical therapy has been tried. In a randomized trial by Rozenberg
et al., there was no benefit from the systematic addition of mifepristone except
in women with progesterone level of 10 ng/L or more [40]. However, in a larger
study involving 72 patients; 30 with combined methotrexate-mifepristone and 42
with methotrexate alone by Perdu et al., the failure rate was lower in the combined
group, 1/30 (33.3%) compared to 11/42 (26.2%) in the methotrexate alone group
[41]. Use of epidermal growth factor receptor inhibition in combination with
methotrexate has been tried in an in vitro experiment and it showed inhibition of
growth of placental cells. These results were confirmed in vivo in mouse models,
and it revealed faster rate of fetal resorption when the two drugs were combined
[42]. In a phase 1 nonrandomized open label study involving 12 women with
ectopic pregnancy and 71 controls, the median level of serum beta hCG by day 7
and the time of pregnancy resolution were significantly lower in the combined
methotrexate and epidermal growth factor receptor blocker (gefitinib) compared
with methotrexate alone group [43]. Hence, the future goal of medical management
of extra-tubal ectopic pregnancies should be combination therapy ab initio with
various methotrexate regimen.

12. Surgical management of non-tubal pregnancy

To ensure complete removal of a tubal ectopic pregnancy, a British surgeon,
Robert Lawson Tait performed a laparotomy with ligation of ruptured tube and
board ligament in April 1883. By the 1920s, laparotomy and ligation of the bleeding
vessels with removal of the affected tube had become the standard of care, and it
remained so until the late 1970s, when operative laparoscopy and salpingectomy
replaced laparotomy and salpingectomy. For CSPs, nearly 50% of clinically diag-
nosed cases miscarriage during the first trimester but most of them will require
additional surgical intervention to stop bleeding [44]. Surgical management of
any ectopic pregnancy is associated with a high success rate; low complication rate
and short post-treatment follow up [19]. In a national cohort study in the UK by
Hart et al. of 102 cases of CSP, the success rates of expectant, medical and surgical
management were 43% (9/21), 46% (7/15) and 96% (54/56), respectively. The
complication rates were 15/21 (71%) with expectant, 9/15 (60%) with medical and
20/56 (36%) with surgical management. Discharge from care (median number of
days) was 82 (range 37-174) with expectant, 21 (range 10-31) with medical and 11
(range 4-49) with surgical management [45].
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12.1 Suction curettage

This surgical intervention has been used to treat appropriately selected suitable
patients with cervical ectopic or cesarean scar ectopic pregnancies. It is usually done
under transabdominal or transrectal ultrasound guidance to ensure direct visualiza-
tion of the pregnancy sac during the procedure. This procedure has been used for
cervical ectopic pregnancy (CEP) and CSP despite the fear of potential catastrophic
hemorrhage that may warrant emergency hysterectomy or may result in significant
maternal morbidity and mortality. When suction curettage is being considered as
a treatment option, you also need to plan for possible use of adjuvant interventions
to reduce excessive blood loss. Adjuvant methods that have used so far include but
not limited to intracervical balloon tamponade, angiographic embolization, cervical
cerclage, ligation of uterine arteries or local hysteroscopic endocervical resection
of the gestational sac with local use of different substances. Among these, arterial
embolization has gained more recognition than any other interventions to decrease
potentially dangerous massive hemorrhage thought to be associated with suction
curettage of CSP or cervical ectopic pregnancy. However, there have been reports of
suction curettage used successfully to evacuate CEP or CSP with minimal complica-
tions. In a study by Jurkovic et al. of 232 women with CSP, suction curettage was
an effective method for the treatment of 191 pregnancies implanted into the lower
uterine segment cesarean section scar because of the 116 women who had a follow
up visit, only 7 (6.0%), 95% CI 1.7-10.3% required a repeat surgical procedure for
retained products of conception. It was associated with a low risk of blood transfu-
sion and hysterectomy. Of the 191 women, 9 (4.7%) required blood transfusion,
95% CI 1.7-7.7, and 1 (0.5%) women had life-saving hysterectomy due to uncontrol-
lable intraoperative hemorrhage [46].

12.2 Wedge resection

Wedge resection of gestational sac can be used for many extra-tubal pregnan-
cies such as CSP, ovarian or cornual pregnancies. There have been multiple case
reports on the safety and effectiveness of wedge resection of CSP via laparotomy.
Wedge resection should be considered when the diagnosis is made early, there is no
involvement of vital contiguous structures and need for preservation of fertility.

In a case report by Vial et al. of 28 years old G3P2002 at 6 weeks gestation, wedge
resection of the gestational mass via a Pfannenstiel incision resulted in complete
resolution of the pregnancy and subsequent full-term pregnancy delivered by
cesarean section [47]. Traditionally, wedge resections of the gestational sac or
hysterectomy via laparotomy is the treatment of choice of interstitial or cornual or
angular pregnancy. However, laparoscopic cornuotomy is the removal of ectopic
pregnancy tissue with preservation of uterine architecture. This increases incidence
of persistent and recurrent interstitial pregnancy, but can potentially maintain
patient fertility and decrease risk of future uterine rupture. Patients with cornual
resection are often delivered at 36-37 weeks of gestation via cesarean section in
subsequent pregnancies because of their increased risk of uterine scar rupture. In

a study of 29 patients by Liao et al., the incidence of subsequent uterine rupture
and dehiscence was 30% [48]. However, there is still controversy in regards to the
recommended surgical technique to treat interstitial pregnancies; cornual resection
and cornuectomy are both important considerations.

A small ovarian ectopic pregnancy (OEP) or early bleeding can be treated
with wedge resection or cystectomy with the intention to preserve some of
the affected ovarian tissues. There have been anecdotal case reports of the
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effectiveness of wedge resection in the treatment of OEP. A case report by
Kraemer et al. showed a 29-year-old G1PO at 8 weeks gestation with confirmed
ovarian pregnancy and she was managed by laparoscopic wedge resection of
the OEP. She subsequent was pregnant with a normal intrauterine pregnancy

6 months after her surgery [49].

12.3 Laparotomy/laparoscopy in extra-tubal pregnancy

Directly visualization of the pregnancy via laparotomy or laparoscopy may
be helpful in the definitive diagnosis of OEP and abdominal pregnancy. Surgical
management of either of the two pregnancies is influenced by the size of the
lesion, the proximity or attachment to vital organs, associated symptoms and the
patient’s desire for future fertility [46]. Small OEP are usually treated conserva-
tively with wedge resection, enucleation, cystectomy, or trophoblast curettage
with electrocoagulation or hemostatic suture to preserve fertility. However, large
OEP may require oophorectomy when there are no apparent normal ovarian
tissues left [47].

12.4 Adjuvant surgical interventions

The use of adjuvant interventions is to accelerate the efficacy of primary
treatment or to minimize potential life-threatening complications. Intracervical
balloon tamponade or cervical cerclage have been used during cervical curettage
for cervical ectopic pregnancy to decrease bleeding. Direct ultrasound-guidance
is helpful for all extra-tubal pregnancy to enable injection of methotrexate or KCL
or hyperosmolar glucose into the gestational sac. Misoprostol and Methergine
are uterotonic agents that cause vasoconstriction, thereby reducing the amount
of blood loss during surgical intervention. Careful and appropriate use of these
adjuvant treatments can improve successful outcome of primary treatment of
extra-tubal pregnancy.

13. Conclusion

Ectopic pregnancy is the leading cause of first trimester maternal mortality,
and it is mostly located in the fallopian tubes. When it is located outside the
tubes, the need for high index of suspicious and prompt intervention is advised
because the more advanced extra-tubal pregnancies can result in catastrophic
hemorrhage or maternal death. Different surgical techniques that are unique to
individual type of ectopic pregnancy, the use of methotrexate and combination
therapy have all demonstrated proven benefits for the treatment of extra-tubal
pregnancy.
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1. Introduction

Cervical pregnancy is defined as an implantation of a fertilized ovum in the cervical canal. It
is a very rare and dangerous form of ectopic pregnancy. The incidence ranges from 1/2500
to 1/12,000 pregnancies, which accounts for approximately 0.15% of all ectopic pregnancies.
Rapid crossing of the fertilized ovum through the endometrial cavity and the travel speed of
the ovum could be the cause of cervical implantation. An unfertilized ovum may reach the
cervical canal and implantation occurs. Although the etiology of cervical pregnancy is
unclear, previous uterine procedures such as dilation and curettage (D & C) and cesarean
section, pelvic inflammatory disease, use of an intrauterine device (IUD), and in vitro
fertilization (IVF) are likely causative or contributing factors. Particularly, with the use of
assisted reproductive technology in recent years, the incidence of cervical pregnancy is
expected to rise.

Cervical pregnancy is characterized by profuse, even life-threatening hemorrhage, which
may lead to an emergency hysterectomy. In cervical pregnancy, the trophoblastic tissue
directly invades into the cervix which is predominantly composed of fibrous connective
tissue, with only 15% of smooth muscle. Such a cervical environment cannot satisfy the
needs of the growing ovum. Pregnancy may eventually terminate when invasion, erosion,
or rupture of large vessels results in bleeding. Clinically, the patients present a history of
amenorrhea followed by uterine bleeding without cramping pain.

Before the routine use of ultrasound in gynecologic care, cervical pregnancy is rarely
diagnosed at early gestational age. Prior to late 1980s, clinical diagnosis of cervical
pregnancy was usually made when curettage for misdiagnosed incomplete spontaneous
abortion resulted in uncontrollable hemorrhage. Such a condition often presented with life-
threatening hemorrhage that frequently required an emergent hysterectomy and even
resulted in maternal death. To avoid heavy bleeding and preserve uterus it is crucial to
obtain an early and accurate diagnosis. In recent years, the widespread use of high
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resolution ultrasound, particularly of the transvaginal sonography, has enabled the early
diagnosis of cervical pregnancy, thereby allowing the application of conservative measures
for women who desire to preserve fertility and/or obviate hysterectomy. Treatments tend to
be more conservative and minimally invasive. In various conservative measures for cervical
pregnancy, ultrasonography has progressively become an indispensable tool in diagnosis,
interventional guidance, follow-up monitoring and clinical outcomes assessment.

2. Diagnosis of cervical pregnancy

Transvaginal or transabdominal ultrasound has become a standard and indispensible tool in
the diagnosis of cervical pregnancy. An ultrasound examination will reveal a gestational sac
in a widened cervical canal, with the absence of a gestational sac in the uterus (Figures 1, 2
and 3). The diagnosis is commonly established according to the following criteria described
by Hofmann and Timor-Tritsch:

Presence of gestational sac or placental texture dominantly within the cervix;
No evidence of intrauterine pregnancy;

Visualization of an endometrial stripe;

Hourglass uterine shape with ballooned cervical canal;

Sac with active cardiac motion below the internal os for viable pregnancy.

Gre @

Fig. 1. Transabdominal ultrasound image of the cervical pregnancy. A 45-year-old woman,
gravida 3, para 1 was admitted at 7 weeks and 5 days’ gestation, presenting with a small
amount of bloody vaginal discharge. Transabdominal sonography revealed normal-sized
uterus with empty cavity. The gestational sac with a viable fetus is evident under the closed
internal os. The B-hCG level was 59,313 mIU/L. UT: uterus; BLD: bladder; GS: gestational
sac; FT: fetus

Ultrasound is used to localize and measure the gestational mass. Color Doppler imaging is
applied to detect the blood flow of the gestational mass and surrounding tissues (Figure 4A
and 4B). For the cases with acute bleeding or the cases that have been treated improperly
with misdiagnosis, the combination use of transvaginal and transabdominal ultrasound will
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supply more accurate information. Besides, serum P-hCG value is important for the
diagnosis and assessment of treatment effect. A cautious vaginal speculum examination
should be performed when the patient’s physical condition permits.

87/12/87 14:20:32
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Fig. 2. Tranvaginal ultrasound image of the cervical pregnancy. The same case as described
in Figure 1. An empty cavity of uterus with a 35 mm gestational sac containing fetal cardiac
activity is evident under the closed internal os. EN: endometrium; FT: fetus

Fig. 3. Tranvaginal ultrasound image of the cervical pregnancy. The same case as described
in Figure 1. An enlarged cervix with a viable fetus in a gestational sac is evident under the
closed internal os. CX: cervix; FT: fetus
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Fig. 4. (a) Ultrasonographic scan of a case of cervical pregnancy. The gestational sac is
evident under the closed internal os. (b) Doppler flow velocimetry depicting fetal cardiac
activity. (Xu, et al. ] Obstet Gynaecol Res. 2007;33:190-4)

2.1 Differential diagnosis of cervical pregnancy

The differential diagnosis of a cervical pregnancy includes other possible abnormal
implantations, such as cesarean scar, low uterine corpus and abortion in progression
pregnancies.

Caesarean scar pregnancy

A cesarean scar pregnancy is a gestation separated from the endometrial cavity and
completely surrounded by the myometrium and the fibrous tissue of the scar. It is also a
very rare form of ectopic pregnancy. However, with the caesarean deliveries increased all
over the world, the incidence is rising in recent years. The most possible mechanism of
cesarean scar pregnancy is because the invasion of the myometrium through a microscopic
tract. The microscopic tract is believed to develop from trauma from previous uterine
surgeries like caesarean section, myomectomy, and dilatation and curettage. Early diagnosis
can promptly offer treatment options to decrease the likelihood of uterine rupture and
heavy bleeding. Therefore, it is important to suspect the possibility of scar pregnancy when
the gestational sac is found at the level of the uterine isthmus in a patient with a previous
caesarean section. Transvaginal ultrasonography combined with Doppler is a reliable tool
for diagnosis. Ultrasound imaging presents a gestational sac located in the anterior uterine
wall at the isthmus (Figure 5).

Spontaneous abortion in progress

Differentiation from a spontaneous abortion of an early pregnancy can be accomplished by
the shape of the uterus, which is generally globular in an intrauterine pregnancy, as well as
by the absence of a “sliding sign,” where an aborted gestational sac slides against the
endocervical canal in response to gentle pressure by the sonographer. On transvaginal scan
the gestational sac should be seen in the cervical canal and the sac should appear avascular,
reflecting the fact that the sac has been detached from its implantation site.
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Fig. 5. Transvaginal ultrasound image of a cesarean scar pregnancy. Transvaginal scan
revealed a 26 mm gestational sac with fetal pole outside the lower uterine cavity at the level
of the isthmus in the anterior uterine wall

Low uterine corpus pregnancy

Low uterine corpus pregnancy should be differentiated from cervical pregnancy. The
implantation usually takes place in the lower part of the cavity of the uterus. The gestational
sac is located above the internal os of the cervix (Figure 6).

Fig. 6. Transabdominal ultrasound image of pregnancy in low uterine corpus

www.intechopen.com



136 Sonography

3. Conservative treatments of cervical pregnancy

The treatment options for cervical pregnancy largely depend on the severity of vaginal
bleeding, gestational age, initial serum hCG levels, absence or presence of fetal heartbeat,
and the woman's desire to preserve fertility and/or to obviate hysterectomy. Treatments
tend to be more conservative and minimally invasive in recent years. Hysterectomy is
performed only as a radical treatment in cases of intractable hemorrhage.

Various conservative treatments have been reported previously, such as local or systemic
administration of methotrexate (MTX), Foley catheter tamponade, curettage and local
prostaglandin injection, cervical cerclage and intra-cervical injections of vasoconstricting
agents, laparoscopy-assisted uterine artery ligation combined with hysteroscopic
endocervical resection, angiographic uterine artery embolization (UAE). These procedures
are used either alone or in combination. However, there is no consensus to date about the
best approach mainly due to a lack of evidence derived from large series of clinical cases.
Moreover, a risk of hemorrhage accompanies all options available.

UAE has been widely used as a highly effective technique for treating cervical pregnancy.
However, recent studies indicate that rebleeding or delayed bleeding can occur after UAE. It
is speculated that after complete occlusion of the uterine arteries by UAE, the extensive
collateral circulation to the cervix will be established within hours. If the cervical pregnancy
is not evacuated soon after UAE, some gestational tissues may remain alive and result in
bleeding once again. We recently reported a promising conservative modality treatment--
UAE followed by immediate curettage. We recommend this method for the cases with fetal
cardiac activity, high serum hCG levels and late gestational age when fertility capacity is
desired. The procedure is performed as the following: the UAE procedure is performed
using digital subtraction angiography. After the bilateral arteries embolization is confirmed,
an experienced gynecologist performed vacuum evacuation and curettage of the cervical
canal under ultrasound guidance. After the procedure, vaginal bleeding is closely
monitored for at least 48 hours. Outpatient follow-up, including sonographic examinations
and (-hCG measurements are performed routinely twice in the first week after the
procedure, and then once a week until decreased to normal range. After follow-up, the UAE
and curettage technique, complications, vaginal bleeding, the changes of serum hCG level,
regression of the uterine cervical mass, recovery of menses, pregnancy and pregnancy
outcome are evaluated for the assessment of clinical outcomes. Of the patients treated by
this method, quick regression of serum hCG level and cervical mass, fertility preservation,
and a short hospital stay are observed.

4. Ultrasound guidance during medical and surgical intervention

During the medical or surgical intervention, ultrasound is used to accurately locate the
gestational mass and guide medical injection. Direct injection of potassium chloride (KCl) or
MTX into the gestational sac or fetal heart under ultrasound guidance is often used to kill
embryo and destruct trophoblast tissues in cervix. It has been proved effective in clinical
practice. Combined medical treatment with UAE has been proved to reduce the risk of
bleeding. Local injection of prostaglandin and vasoconstricting agents are reported to
effectively reduce bleeding. In the recently reported new treatment modality--UAE followed
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by immediate curettage, under ultrasound guidance an experienced gynecologist performs
vacuum evacuation and curettage of the cervical canal immediately after the bleeding is
controlled by the bilateral arteries embolization. With a special emphasis on the clinical
outcome, an advantage of this procedure is to complete bleeding control and evacuate
gestational tissue in one step, which can lead to a quick recovery.

5. Ultrasound examination in follow-up and clinical outcomes assessment

After the medical or surgical treatment, the vaginal bleeding, the changes of serum hCG
level and regression of the uterine cervical mass should be closely monitored. The clinical
outcome assessment should be made. Thus, serial sonographic examinations and p-hCG
measurements are required in follow-up routinely until cervical contour is recovered to a
normal shape on sonogram and gynecological examination, serum B-hCG is reduced to
undetectable, and normal menstrual cycle returns. In our previous report, a case of cervical
pregnancy treated with UAE only presented intermittent vaginal bleeding again although
serious bleeding was successfully controlled by UAE. The ultrasound images consistently
revealed a heterogeneous mass in the cervix (Figure 7).

By contrast, in the patients treated by UAE followed by immediate curettage, a quick
regression of cervical mass and serum hCG level, fertility preservation and a short hospital
stay are observed (Figure 8).
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Fig. 7. A failure case of cervical pregnancy treated by UAE only. The sonography
consistently revealed a heterogeneous mass in the cervix although serious bleeding was
successfully controlled by UAE. The patient presented intermittent vaginal bleeding again.
The patient underwent second UAE followed by immediate curettage and obtained
complete solution. (Xu, et al. ] Obstet Gynaecol Res. 2007;33:190-4)
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Fig. 8. Tranvaginal ultrasound image of the cervical pregnancy after treatment. The same
case as described in Figure 1. Eight days after treatment by UAE followed by curettage, the
cervix recovered to normal in contour

6. Conclusion

Cervical pregnancy is a very rare and dangerous form of ectopic pregnancy. It is
characterized by profuse, even life-threatening hemorrhage, which may lead to an
emergency hysterectomy. Recent widespread use of high-resolution ultrasound has enabled
the early and accurate diagnosis of cervical pregnancy, thereby allowing the application of
conservative measures for women who desire to preserve fertility. In various conservative
measures for cervical pregnancy, ultrasonography has progressively become an
indispensable tool in diagnosis, interventional guidance, follow-up monitoring and clinical
outcomes assessment.
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Chapter

Haemodynamic Changes during
Preterm Birth Treatment

Szymon Bednarek, Matgorzata Glogiewicz,
Rafat Adamczak and Mariusz Dubiel

Abstract

The well-being of the fetus depends on the efficiency of its circulatory system
and the proper maternal-fetal exchange. Hemodynamic changes can occur due to
disturbance of fetal and maternal homeostasis, malformations, pregnancy pathol-
ogy, and medications. Preterm labor directly affects maternal-fetal haemodynam-
ics, both due to uterine contractions and medications used to inhibit it. Research
on maternal-fetal haemodynamics in preterm labor is currently focused mainly
on the safety of the used tocolytics. In this chapter, we will discuss the basic prin-
ciples of fetal haemodynamics, ultrasound methods of maternal-fetal circulation
assessment, and the influence of preterm labor on maternal-fetal haemodynam-
ics, with particular emphasis on medications used in threatening and progressive
preterm labor.

Keywords: preterm labor, maternal-fetal haemodynamics, doppler

1. Introduction

During pregnancy, the maternal body undergoes significant hemodynamic
changes to ensure normal fetal growth. On average, maternal cardiac output
can increase up to 30%-45%, resulting mostly from the intensified metabolism,
increased circulating blood mass, the appearance of an accessory placental circu-
latory system, and finally, a gradual increase in body weight during pregnancy.
Although blood volume increases, the systemic blood pressure in a healthy mother
undergoes no significant changes. This is mainly due to a decrease in total peripheral
vascular resistance, primarily at the arteriolar level. The mammalian placenta is also
important for the regulation of both the maternal and fetal circulations. Adequate
uterine blood flow is critical to fetal growth and development [1]. Fetal heart under-
goes functional changes: throughout gestation, the fetal myocardium becomes more
compliant and making ventricular filling less dependent on atrial contraction. Both
the increase in size and the maturational changes lead to a tremendous increase in
cardiac output [2].
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2. Maternal-fetal circulation

The primary heart and vascular system appear in the middle of the third week of
development. On about 22nd-23rd day, the heart begins its systolic action.

Oxygenated blood, rich in nutrients, flows through the umbilical vein from
the placenta to the portal sinus. The portal sinus is a wide L-shaped vessel at the
terminal end of the umbilical vein, connecting two main vessels termed the right
and left intrahepatic portal veins perfusing the right and left hepatic lobes. It then
goes into the ductus venosus. The ductus venosus originated from the portal sinus
as the latter turned at an almost right angle into the right lobe of the liver. The
ductus venosus is a branchless, hourglass-shaped vessel that ascends steeply in
the direction of the diaphragm. The blood flow in the ductus venosus is regulated
by the sphincter mechanism. The blood then flows in the inferior vena cava and
enters the right atrium of the heart. Most of the blood from the inferior vena cava
is directed to the secondary septum through the oval foramen to the left atrium.
There it mixes with a relatively small amount of poorly oxygenated blood return-
ing through the pulmonary veins from the lungs. The blood from the left atrium
flows into the left ventricle and leaves it through the ascending aorta. The arteries
that supply the heart, head, neck and upper limbs receive well-oxygenated blood.
The small amount of well-oxygenated blood from the inferior vena cava that
remains in the right atrium of the heart mixes with the poorly oxygenated blood
from the superior vena cava and coronary sinus and flows into the right ventricle.
This blood leaves the right heart through the pulmonary trunk. Due to the high
pulmonary vascular resistance during fetal life, blood flow through the lungs
is low. About 10% of the blood flows to the lungs and most of it flows through
the arterial duct to the fetal aorta. The blood returns to the placenta through the
umbilical arteries [3, 4].

3. Vascular flow testing using Doppler ultrasonography

Doppler examination assessing the vascular flow of the maternal-fetal circulation
is an important diagnostic tool in the assessment of the well-being of the fetus. The
analysis of vascular flows is also used to make decisions about the further duration
of pregnancy. It is often a pregnancy complicated by diseases that threaten the life of
the mother and the fetus. Due to the high risk of iatrogenic prematurity, the experi-
ence of the person performing the ultrasound examination is extremely important,
taking into account the factors that may affect the parameters of the vascular flow
wave. Overinterpretation of the Doppler results may expose both parents and the
perinatological team to unnecessary stress, medical activities and costs [5, 6].

The safety of ultrasound examinations is based on the degree of fetal expo-
sure, which depends on the amount and duration of ultrasound examinations
and the energy used for the examination. It takes into account the control of
the thermal and mechanical index and the superior principle of using the low-
est dose of energy that allows correct imaging - ALARA (as low as reasonably
achievable). The term thermal index describes the quotient of the power lost to
the reference power that increases the tissue temperature by 1 °C. The mechani-
cal index describes the amplitude of the ultrasound wave. Ensuring the safety of
ultrasound examination is only possible through excellent knowledge of anatomy
and embryology, as well as regular index control when changing the settings of
the ultrasound machine.

The table contains the most frequently assessed vascular flows along with their
correct imaging.
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Vessel Visualization Doppler Insonation Flow velocity/
sample angle waveforms
volume

(mm)

Umbilical Free loop of the umbilical 2-3 <30° 4-6 waveforms

artery cord, without fetal breathing

movements

Middle Cross-section of the 2-3 <30° 3-10 waveforms

cerebral brain, visualization of the

artery Willis circle, mapping on

the proximal side of the
transducer, Doppler gate in
the 1/3 proximal course of
the vessel, as little pressure
as possible on the fetal
head - high risk of change

of intracranial pressure and

flow velocity
Ductus Sagittal or transverse section 0,5-1 <30° 3-6, velocity > 30 cm/s
venosus of the fetus
Uterine Measurement on the right 2 <30° 3-6, velocity > 50 cm/s
arteries and left side of the patient,

after visualizing the junction
with the iliac vessels,
cephalic direction

The special structure of the fetal uteroplacental, umbilical and cerebral circula-
tion ensures a constant vascular flow in the fetus, independent of the mother’s heart
cycle. This system gradually develops in the utero-fetal circulation. The significant
effect of this phenomenon consists not only in the gradual increase in the end-dia-
stolic velocity of the flow wave, but also in the accompanying decrease in pulsation,
which is the difference between the components of the maximum systolic and
end-diastolic velocity.

The correct shape of the flow wave of both the fetal middle cerebral artery and
the umbilical cord artery is not characterized by the disappearance of the flow wave
or its inversion. It is one of the disparities in the fetal circulatory system that does
not give a compensatory break in the heart’s work. If it occurs, it is called absent
flow or reverse flow. Both of these phenomena are among the alarm signals of poor
fetal condition [7].

3.1 Mistakes in Doppler examination

Due to incomplete bone calcification, the head of a premature fetus is suscep-
tible to pressure. Excessive pressure with the transducer may indicate the disappear-
ance of the end-diastolic wave in the assessed fetal middle cerebral artery [7, 8].

The assessment of the vascular flow spectrum should cover several fetal heart-
beat cycles. One of the reasons for doing this are the breathing movements of the
fetus, which can disrupt the normal flow spectrum. Similar phenomena can be
observed when a pregnant woman breathes too deeply. In order to verify the cor-
rectness of the vascular flow, a patient should be asked to shorten her breath or even
temporarily stop breathing.

Incorrect parameters of the ultrasound device settings may falsify the Doppler
measurements.

Corticosteroids administered to the mother to stimulate the maturation of the
fetal lungs in the event of impending preterm labor may temporarily “improve” the
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flow waves. In that case, it is reasonable to repeat the Doppler examination approxi-
mately 48 hours after administering the medications [7, 9].

4. Medications used in the preterm labor

The use of medications should take place primarily in compliance with the
principles of patient safety and the minimum risk of side effects. The problem of
therapy in pregnancy is related to the limited possibility of testing the effects of the
medication on the pregnant woman and the fetus, and often the lack of consent to
perform such tests. Therefore, medications used in pregnancy often have limited
indications and are administered taking into account the individual risks and ben-
efits of therapy. The pharmacological action of the medication in the fetus must take
into account the kinetics of its transformations in the mother’ organism as well as in
the placenta. The distribution of the medication and its metabolism in the mother’s
body determine its availability to the fetus. Since pregnancy involves profound
physiological and biochemical changes, the metabolism of many medications is also
significantly altered. Data from animal studies suggest that the rate of metabolism
of medications in the liver decreases during pregnancy and their availability to
the fetus may be greater than expected. The transfer of the medication from the
mother’s body to the fetus takes place from arterial blood through the intervillous
spaces to the fetal capillaries in the villi and further through the umbilical vein.

Despite the fact that the placenta is treated as a specific protective barrier for the
fetus, it has little ability to metabolize medications. Many medications can reach
the fetus in the form of metabolites, often more toxic [10]. The safety of the use of
tocolytics is still a significant perinatological problem. The duration of tocolysis
should be short enough to allow the full effect of steroid therapy on the fetus, with
the least negative impact on the health of the mother and child [11].

The most commonly used medications that inhibit uterine contractions are
discussed below, with particular emphasis on their effects on the circulatory system
of the mother and the fetus.

4.1 Calcium channel blockers - nifedipine

Nifedipine contains the formula of a short- and long-acting 1,4-dihydropyridine
calcium channel blocker. It prevents contraction of calcium-dependent myocytes
and their vessels by blocking the influx of calcium into smooth muscle cells. The
second possible vasodilatory mechanism is the inhibition of pH-dependent calcium
influx by inhibiting smooth muscle carbonic anhydrase. Nifedipine is used to treat
high blood pressure and chronic stable angina. At therapeutic sub-toxic concentra-
tions, it has little effect on myocardium and conducting cells. Inhibition of calcium
influx lowers smooth muscle contraction, which causes dilation of the coronary
and systemic arteries, increased oxygen delivery to the muscle tissue, reduced total
peripheral resistance, blood pressure and afterload.

The most common side effect of nifedipine reported by mothers is headache
associated with a transient reduction in blood pressure after initiating therapy. The
second common effect is tachycardia. In addition, dizziness, drowsiness, nausea, a
sharp drop in blood pressure, slurred speech and weakness may occur. One in ten
patients may experience palpitations and hot flushes. Severe side effects, such as
myocardial infarction, maternal dyspnea, patient hypoxia, severe maternal hypo-
tension with intrauterine fetal death, atrial fibrillation were also observed during
nifedipine therapy. Pulmonary edema has been reported in a group of pregnant
patients after taking nifedipine.
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It is not recommended for use in patients with twin pregnancies due to the
more frequent occurrence of dyspnea. It is absolutely contraindicated in the group
of patients with heart disease, maternal hypertension and intrauterine infection.
Dyspnea occurring in twin pregnancy is explained by a reduced blood flow and
the degree of lung ventilation due to the higher elevated diaphragm dome [11-15].
Nifedipine has no effect on motor activity, heart rate and blood flow in the fetus.
The occurrence of side effects is not related to the level of this medication in the
patient’s blood serum, so there is no need to adjust its dose based on body weight,
body mass index (BMI) or gestational age [14].

In a study carried out on laboratory animals, the effect of nifedipine on the
normal development of pregnancy was assessed. After administration of three and
thirty times higher doses of nifedipine than recommended for humans, dilatation of
blood vessels, increased vascularization of the uterus and placenta, and trophoblast
hyperplasia were observed in both groups. Higher placental weights were seen in
the higher dose group, but this had no effect on fetal survival or an increased risk
of birth defects. Fetal weight did not differ from the control group at the lower
dose, but statistically significantly lower weight was reported for the group with the
higher dose of the drug. As expected, there were changes in the uterine muscle and
collagen structure of the cervix during tocolysis. The authors concluded that the use
of nifedipine in pregnancy in acceptable doses should not have a negative impact
on the condition of fetuses and newborns, and that this therapy often improves the
prognosis [16].

The optimal dose of nifedipine is still being determined. The starting dose in
most studies was 10 mg either orally or sublingually. If uterine contractions were
maintained, the dose was repeated every 15-20 minutes, until a dose of 40 mg was
obtained in the first hour. Then, maintenance therapy is 20 mg every 6-8 hours for
two to three days [14].

In a comparative study of nifedipine and another tocolytic combined with
steriodotherapy, no significant risk to the fetuses was observed [17].

4.2 Beta-adrenergic receptor agonists

Ritodrine stimulates the beta-2-adrenergic receptor, increasing the level of
cAMP and decreasing the concentration of intracellular calcium, which in turn
leads to the relaxation of uterine smooth muscles and a reduction in the frequency
of uterine contractions.

Terbutaline is a relatively selective bronchodilator with little or no effect on
alpha-adrenergic receptors. It appears to have a greater effect on stimulating the
beta receptors of the bronchi, vessels and smooth muscle, including the uterus
(beta-2 receptors), than at the heart receptors (beta-1). This drug relaxes smooth
muscles and inhibits uterine contractions, but it can also have a stimulating effect
on the heart and central nervous system.

The mechanism of action is based on the stimulation of beta-adrenergic recep-
tors in intracellular adenylate cyclase, the enzyme that catalyses the conversion of
adenosine triphosphate (ATP) to cyclic adenosine 3, 5’-monophosphate (c-AMP).
Elevated levels of c-AMP are associated with relaxation of bronchial smooth
muscles and inhibition of the release of immune system mediators, especially from
mast cells.

Fenoterol stimulates beta-2 receptors in the lungs and causes bronchial smooth
muscle relaxation, bronchodilation and increased air flow. Symptoms of overdose
are chest pain, dizziness, dry mouth, fatigue, flu-like symptoms, headaches, heart
abnormalities, high or low blood pressure, high blood glycemia, insomnia, muscle
spasms, nausea, nervousness, rapid heartbeat, seizures and tremors.
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4.3 Prostaglandin synthesis inhibitors — indomethacin

As an analgesic and antipyretic drug, indomethacin inhibits the secretion of
prostaglandins involved in the pain reaction, fever and inflammation. Symptoms
of overdose: nausea, vomiting, severe headache, dizziness, confusion or lethargy.
There have been reports of paraesthesia, numbness and convulsions.

4.4 Magnesium sulfate

Magnesium sulfate reduces striated muscle contraction and blocks neuromus-
cular transmission, reducing the release of acetylcholine. In addition, magnesium
inhibits the inflow of calcium, enhancing the relaxing effect of vascular smooth
muscles [12]. It is currently treated as a mild tocolytic. Used in fetal neuroprotection
in preterm labor below 32 weeks of pregnancy.

4.5 Oxytocin receptor antagonist — atosiban

It is a competitive antagonist of human oxytocin at the receptor level. In
rats and guinea pigs, atosiban has been observed to bind to oxytocin receptors,
reducing the frequency of contractions and the tension of the uterine muscles,
thereby reducing uterine contractions. Atosiban has also been observed to bind
to vasopressin receptors, reducing its effect. In animals, atosiban had no effect
on the cardiovascular system. In women at risk of preterm labor, atosiban, at the
recommended doses, prevents uterine contractions and induces a resting state
of the uterus. Uterine relaxation following atosiban administration is rapid,
uterine contractions are significantly reduced within ten minutes, and uterine
quiescence of less than four contractions per hour is achieved and stable for
twelve hours.

In women at risk of preterm labor receiving atosiban by intravenous infusion
(300 micrograms per minute for six to twelve hours), steady-state plasma concen-
trations were reached within one hour of starting the infusion.

The use of atosiban below 24 and above 33 weeks of pregnancy is contra-
indicated. There was no evidence of fetal toxicity. Small amounts of the drug
are excreted into breast milk, no effect of the drug on breastfeeding has been
acknowledged.

The most common side effects of treatment with this preparation include
nausea, headache and dizziness, hot flushes and an increase in heart rate [18].

4.6 Medications that relax the uterine muscles

Scopolamine (hyoscine) is an alkaloid. Along with its derivatives, it resembles
atropine and has a similar effect, but with a greater influence on the nervous
system. Hyoscine belongs to a group of medications called parasympatholytics. The
action of cholinolytic medications is to block the stimulation of cholinergic recep-
tors (activated by acetylcholine). Hyoscine acts on muscarinic receptors and relaxes
smooth muscles of the gastrointestinal, biliary and urogenital tract.

Side effects may include dry mouth, atonic constipation, increased urination
disorders, urinary retention, decreased sweat secretion, increased heart rate (tachy-
cardia), hypotension, and visual disturbances [12, 18].

Drotaverine inhibits the activity of the phosphodiesterase IV enzyme, which
leads to an increase in the concentration of cAMP and a further cascade of intra-
cellular reactions that result in the relaxation of the muscle cell. It may also have
calcium channel blocking abilities.
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The relaxant effect affects the smooth muscles of the gastrointestinal tract,
urogenital system, cardiovascular system and bile ducts and is stronger than that of
papaverine. It is used in the case of contraction of smooth muscles of both nervous
and muscular origin. Side effects are rare and similar to scopolamine [12, 18].

5. Effect of preterm labor and its treatment on maternal-fetal
hemodynamics

5.1 Patient’s body position

Khatib et al. analyzed changes in vascular flow in the fetal circulation when
changing the left lateral to supine position in pregnant women in the third trimes-
ter. Test time was approximately fifteen minutes. The authors noted a statistically
significant decrease in the value of the pulsation index in the middle cerebral and
umbilical artery, as well as a decrease in the maximum systolic velocity of the
middle cerebral artery and the systolic-diastolic index of the umbilical artery [19].
It is most likely related to the symptom of brain sparring of the fetal circulation. As
can be seen from the above studies, the mechanisms of circulatory centralization
are not only activated by the pathological condition, but also by a stressful situa-
tion for the fetus, such as changing the position from a comfortable left-lateral or
vertical position to a supine position, limiting the correct placental-fetal flow. The
mechanism of fetal circulation centralization protects the fetus in a situation of per-
sistent limited blood flow. Vascular resistance in the cerebral circulation is reduced,
which allows blood flow to the brain to be increased.

Katwijk and Wladimiroff analyzed changes in the value of flows in the umbilical
artery when the body position changes. When changing the patient’s body position
from vertical to lying, they noted an increase in the umbilical artery pulsation and
resistance index, regardless of the gestational age, and this is explained by the flow
mechanism of alock [20].

Kinsella et al. in the group of twenty pregnant women in the third trimester did
not observe any changes in the flow in the fetal umbilical artery when the patient’s
body position was changed [21].

Similarly, Armstrong et al. in the group of twenty-five full-term pregnant
women qualified for elective cesarean section did not observe changes in vascular
flow depending on the different positions of the patient’s body. The authors assume
that the degree of compression of the inferior vena cava and aorta in different
body positions is not significant enough to disturb the vascular flow in the umbili-
cal artery, or that these changes are so subtle that Doppler devices are unable to
capture them [22].

Marx et al. monitored the vascular flow in the umbilical cord in various body
positions in the early stage of labor. The systolic-diastolic index of the umbilical
artery was significantly higher in the supine position compared to the left-lateral
position of the patient, which in turn led to an increase in vascular resistance in the
umbilical artery [23].

Inferior vena cava syndrome most often occurs in the third trimester of preg-
nancy, when a large weight of the pregnant uterus presses on the inferior vena cava,
especially in the supine position, which disturbs the maternal-fetal flow and may
lead to fainting, and consequently the fetus to hypoxia. Ryo et al. undertook studies
to determine the risk of inferior vena cava syndrome in the second trimester of
pregnancy and its consequences for the fetus. In a group of ninety Japanese preg-
nant women between the twenty-fourth and twenty-seventh weeks of pregnancy,
they assessed umbilical artery flow and its relationship with uteroplacental flow.
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There were no changes in the umbilical artery resistance index during the five-
minute supine position of the patient [24].

In a study by Qu et al. on a group of fifty pregnant women between the twenty-
seventh and forty weeks of gestation, no changes in the umbilical artery flow values
were found when the patient’s body position was changed [25], similarly to Backe et
al. [26], while Sorensen et al. did not report changes in the systolic-diastolic index
in patients with normal blood pressure [27].

Kinsella et al. and Witter and Besinger did not find statistically significant
changes in uterine artery flows depending on the patient’s body position and the
duration of the study [21, 28].

In the group between thirty-seven and forty weeks of pregnancy, Qu et al.
observed a statistically significant increase in the resistance index in the uterine
arteries after changing the position of the pregnant woman [25].

Sohn et al. proved that uterine flow clearly decreases in the sitting and standing
position of the pregnant woman, which is associated with an increase in vascular
resistance. In the conclusions, the authors emphasize that apart from uterine
contractions, there are also other factors influencing uterine flow, which may be
important in the monitoring of fetuses with limited growth rate [29]. In another
work, the author presents the concept of selecting a safe position of the patient’s
body based on the results of measurements of vascular flows in the maternal-
placental circulation [30]. Similar conclusions were presented by Easterling et al. in
each trimester of pregnancy [31], as well as by Ryo et al. [24].

5.2 The influence of tocolytics on vascular flows

In the study by Bednarek et al. on the safety of tocolytic medications in preterm
labor, mean values of vascular flow measurements before the initiation of therapy
that inhibits premature uterine contraction and at least one day after their initia-
tion, subjected to statistical analysis, did not show significant changes in most of
the parameters studied. The changes mainly concerned the systolic-diastolic index
in the umbilical artery, where its decrease was noted, the peak systolic velocity
in the middle cerebral artery increased, and the pulsation index decreased. The
patients’ therapy mainly included nifedipine. The lack of statistically significant
changes in the value of vascular flows may indirectly confirm the safety of this
medication and the lack of negative impact on the well-being of the mother and the
fetus. No patients experienced life-threatening or health-threatening symptoms,
and the reported side effects were mainly periodic headache during the first day of
therapy and transient reddening of the skin. There was no significant decrease in
blood pressure in patients undergoing treatment. This significantly increases the
benefits associated with the use of this therapy, especially in relation to therapy
with beta-mimetics, especially fenoterol.

Cornette et al. analyzed the effect of nifedipine on the values of vascular flow in
the cerebral and placental-fetal circulation. They found no statistically significant
changes in the vascular flow of the fetal middle cerebral artery, umbilical cord,
uterine arteries and ductus venous. The study was conducted in pregnant women
between the thirty-fifth and thirty-seventh week of gestation in a group of fifteen
healthy pregnant women, after administering 20 milligrams of nifedipine orally
and assessing vascular flow one hour after dosing. The authors emphasize the
mechanisms counteracting the disturbance of the uterine circulation despite the
significant reduction of maternal afterload under the influence of nifedipine, which
means that in healthy pregnant women with normal arterial pressure, trophoblast
invasion lowers uterine vascular resistance to such an extent that administration of
nifedipine, which has the ability to lower peripheral vascular resistance, is no longer
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able to lower uterine resistance. Adverse effects of nifedipine have been reported in

the situation of significantly lowered blood pressure in pregnant women, therefore

it is important that the use of this medication as an inhibitor of uterine contractions
ought to be considered only in pregnant women with normal blood pressure [32].

The study by Lima et al. was based on the administration of nifedipine in a dose
of 20 milligrams sublingually every twenty minutes to a pregnant woman with uter-
ine contraction, until the activity subsided. Thereafter, 20 milligrams of nifedipine
was orally administered every six hours, until a total dose of 120 milligrams per day.
Vascular flow in the fetal and maternal circulation was assessed before the initiation
of nifedipine, five and twenty-four hours after the initiation of the therapy. Five
and twenty-four hours after the initiation of the therapy, there was no change in the
resistance index from pre-treatment measurements, while a decrease in the resis-
tance index in the fetal central artery was observed between five and twenty-four
hours after the initiation of the therapy.

The value of the peak systolic velocity of the middle cerebral artery was also
analyzed. In the Lima study, there was a decrease after five hours, while comparing
the measurements before and 24 hours after starting the treatment, no statistically
significant changes were noted [33]. In the study by Bednarek et al., the peak sys-
tolic velocity of the middle cerebral artery increased statistically significantly after
the initiation of the therapy. It is noteworthy, however, that the measurements were
made at least twelve hours after the initiation of the therapy. Similarly, Grzesiak et
al. reported a decrease in the peak systolic velocity in the middle cerebral artery,
with no changes in the remaining parameters during the day after the initiation of
oral nifedipine therapy [34].

The special structure of the fetal uteroplacental, umbilical and cerebral
circulation ensures constant vascular flow independent of the heart cycle. This
system gradually develops in the utero-fetal circulation. A significant effect of this
phenomenon consists not only in the gradual increase in the velocity of the end-
diastolic flow wave, but also in the accompanying decrease in the pulsation index,
which is the difference between the components of the maximum systolic velocity
and the end-diastolic velocity [33].

Similarly, Guglu et al. observed a decrease in the pulse index of the central
cerebral artery one day after the initiation of nifedipine therapy. The authors
note that nifedipine reduces blood pressure while keeping the maternal heart rate
unchanged. Moreover, they acknowledged a decrease in resistance in the uterine
circulation. The mechanism of increased resistance in the umbilical artery with an
accompanying decrease in the pulse index in the central artery of the brain prevents
diastolic changes in the fetal heart [35, 36]. It is noteworthy that the maternal-fetal
circulation has mechanisms that protect the fetus against changes in flow that may
be a real threat to its well-being.

Beta-memetic therapy is now used much less frequently in suppressing preterm
labor. Despite the lack of obvious adverse effects on vascular flow in the fetal cir-
culation, side effects in the mother are significant enough to minimize this method
of treatment [37-39]. In a study with ritodrine, an increase in the pulse index in
the middle artery of the fetal brain was noted, with a decrease in the pulse index
in the umbilical artery [40]. Friedman et al. claim that therapy with ritodrine does
not increase the resistance to placental circulation, does not lead to fetal hypoxia,
changes in the fetal heart rate or preload on the fetal heart, but shortens the systolic
fraction of the heart, which may lead to an increase in vascular resistance in the
fetal circulation or reduce contractility of the heart muscle [41, 42]. Similarly,
terbutaline increases vascular flow through the fetal heart, thus increasing its load
[43]. Beta-agonist therapy should be limited as much as possible due to the side
effects of these medications on both the mother and the fetus.
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Oxytocin receptor blockers are a new class of tocolytic drugs. The oxytocin
antagonist atosiban has less side effects than beta-agonists [44]. Atosiban crosses
the placenta. Drug concentrations in the fetal circulation do not increase with longer
infusion rates, suggesting that the drug does not accumulate in the fetus. Atosiban has
the best maternal and fetal safety profile; however, its costs are considerable. Maternal
heart rate and blood flow in (R-UtA/L-UtA) were not altered significantly during
atosiban administration. No significant changes in FHR as well as Doppler parameters
(resistance index, pulsality index, peak systolic velocity) in umbilical artery and
middle cerebral artery were recorded after 24/48 hours of tocolytic treatment. The
mean values of cerebroplacental ratio (CPR) remained unaltered during treatment.
Detailed evaluation of fetal cardiac function parameters (E/A, SF, MPI) calculated
independently for both ventricles, revealed no significant changes over the time [45].

Tocolytic treatment with atosiban is associated with elevation of oxidative stress
markers after a 48 hours administration. This effect of atosiban may reduce its potency
as a tocolytic agent and therefore should be considered with respect to its clinical use,
especially because of its connection with the occurrence of premature birth [46].

Indomethacin used as a substance inhibiting premature uterine contractile
activity does not negatively affect the cerebral flow in the fetus, however, it should
be remembered that long-term therapy with non-steroidal anti-inflammatory
medications may lead to blood flow disorders in the arterial duct [47, 48].

Intravenous magnesium sulfate is also allowed in the treatment of preterm labor.
Keeley et al. analyzed the effect of this medication on vascular flow and found a
decrease in the flow velocity in the fetal middle cerebral artery and an increase in
flow velocity in the uterine arteries. There were no disturbances in the flow in the
umbilical artery. During the study, the blood circulation was normalized, which the
authors associate with the beneficial effects of magnesium sulphate also on the fetus
and the tocolytic effect [49]. This is also confirmed by the studies of Pezzati et al.,
who assessed the fetal and neonatal circulation in the first hours of life of children
in the therapy of magnesium sulphate and ritodrine [50].

When analyzing the safety of tocolytic medications, it should be remembered
that in most patients, steroid therapy is started parallel to stimulate the fetal respi-
ratory system. In the study by Bednarek et al. no significant haemodynamic changes
were found after steroid therapy, however, other authors observed a transient
decrease in the pulse index of the fetal middle cerebral artery [51, 52]. It cannot
be ruled out that these differences result from the different tocolitics analyzed.
Corticosteroids administered to the mother to stimulate the maturation of the fetal
lungs in the event of impending preterm labor may temporarily “improve” the
flow waves. In such a situation, it is reasonable to repeat the Doppler examination
approximately 48 hours after administration [34].

Brar et al. reported lower efficacy of tocolysis in patients with abnormal flows
in the maternal-fetal circulation before the therapy, which increases the risk of
preterm labor [53].

Summing up, it should be emphasized that drugs inhibiting uterine contractions
do not have a significant, long-term and permanent effect on the vascular flow of
the maternal-fetal circulation. When considering the efficacy of tocolysis, other
factors disrupting normal vascular flow should be taken into account, which may
reduce the effectiveness of tocolytic drugs and increase the risk of preterm labor.

5.3 Preterm labor ended with cesarean section
Nakayi et al. analyzed the vascular flow of the uterine arteries on the third,

sixth and ninth day after cesarean section. They found no significant changes in the
resistance index in these vessels [54].
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The assessment of uterine artery flow seems to be useful in vaginal bleeding
in puerperal patients after cesarean section, as one of the complications of this
operation may be rupture of the intraoperatively developed pseudoaneurysm of the
uterine artery [55].

5.4 Infection in preterm labor

Caroll et al. assessed the flow in the middle cerebral and umbilical arteries
of fetuses and in the uterine arteries of patients with premature rupture of the
membranes with or without intrauterine infection. They found no changes in
vascular flow, which means that Doppler examination is not useful for monitor-
ing the developing intrauterine infection associated with premature drainage of
amniotic fluid [56].

Different results were obtained by Yiicel et al. They analyzed vascular flows
in patients after premature drainage of amniotic fluid with histopathologically
confirmed placental inflammation. The researchers proved that an increase in
the systolic-diastolic index in the uterine artery can be considered as a marker of
developing intrauterine infection [57].

5.5 Ultrasound features of the cervix shortening

Bednarek et al. observed no statistically significant changes depending on the
length of the cervix. Similar results were established by Klemm et al. analyzing
uterine flows after radical trachelectomy. There were no changes in the uterine
arterial resistance index in relation to the control group [58].

The three-dimensional evaluation of the cervical circulation accounts for a new
diagnostic possibility. Samutchaikij et al. established reference values for certain
measurements of the cervical vascular bed, and De Diego et al. analyzed three-
dimensional images of the cervix in patients at risk of preterm labor. The authors
found differences in the parameters of cervical vascularization in patients with
preterm labor in comparison to asymptomatic patients with a comparable length of
the cervix. It is possible that three-dimensional ultrasound will become a practical
tool for the actual assessment of cervical insufficiency [59, 60].

5.6 Pregnancy duration and vascular flows

The study by Bednarek et al. involved the division of the study group into
preterm labor below and above 32 weeks of pregnancy. Vascular flow differences
were found in the umbilical artery. The pulsation, resistance and systolic-
diastolic index values were higher in the younger group. Similar conclusions
were presented by Chanprapaph et al. in the analysis of measurements in over
three hundred healthy pregnant women. This phenomenon should be explained
by the progressive increase in end-diastolic velocity with increasing gestational
age, which directly translates into a decrease in the pulsation index. The authors
draw attention to the fact that the value of the systolic-diastolic index above
three, in a pregnancy above the thirtieth week, is more often associated with
complications of low fetal body weight and birth disorders - the presence of
meconium in the amniotic fluid, cesarean section and worse birth condition of
the newborn [61-64].

Mari and Deter draw attention to the parabolic shape of the curve of changes in
the flow rates of the central artery of the brain, the values of which are maintained
in newborns until the first month of life. The curves established by the authors are
applicable to the monitoring of fetuses with low body weight [65].
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Degani found a clear decrease in the value of the middle cerebral artery pulsa-
tion index after the thirty-sixth week of pregnancy, which is related to the compen-
sation mechanism that protects the fetus against a progressive decrease in oxygen
tension [66].

Gadelha da Costa et al. assessed the increase in fetal middle cerebral artery
resistance index up to the twenty-sixth week of pregnancy, and then a decrease to
the period of full-term pregnancy [67, 68].

The lack of vascular changes in the uterine arteries in pregnant women with
pre-term labor confirms the assumption that the assessment of the flow of these
vessels is justified in pregnancies with placental abnormalities, such as intrauterine
growth restriction, arterial hypertension or diabetes [69, 70].

6. Summary

Research on maternal-fetal haemodynamics in preterm labor is currently
focused mainly on the safety of the used tocolytics. The reduction of the use, and
often the elimination of beta-agonists, undoubtedly increased the safety of the
mother and the fetus. The above literature review proves that despite some influ-
ence of medications on maternal-fetal blood flow values, tocolysis does not signifi-
cantly disturb haemodynamics. However, it is worthwhile to remember about safety
rules during ultrasound examinations with the use of Doppler technique.
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1. Introduction

Three-dimensional Ultrasound (3DUS) has grown quickly and constantly over the last
fifteen years. However, some of its best clinical uses remain to be defined. The three-
dimensional Power Doppler (PD) is based on the ability to register the signal amplitude of
the ultrasound wave, which allows us to depict most moving particles in a given Region of
Interest (ROI). It is also based on the three-dimensional US principles, that permit the
collection of signals from such particles in a given Volume of Interest (VOI) The inclusion of
a time sequencing protocol or a Space-Time Image correlation (STIC) algorithm, developed
and made available to last generation US machines, adds the additional possibility of
following the signal evolution during a pre-established lap. At first, this promising tool was
used to evaluate vascularisation and perfusion in a series of foetal organs, finding neither
adequate accuracy nor repeatability. Nowadays, its use in Foetal Medicine is restricted to
certain foetal conditions, although new research is on-going and further uses for this
technology are being unveiled.

As is it largely understood (Burns 1992), there are compelling scientific and medical reasons
to seek measuring the volumetric flow rate, which means to estimate the volume of flow
delivered per minute to a tissue bed. No doubt, the success in delivering oxygen and
nutrients to the tissues depends, mainly, on the amount of blood delivered to such tissues
per unit of time. At the beginning of the Doppler ultrasound era, a number of attempts to
achieve this calculation were done (Gill 1979; Eik-Nes et al. 1982; Sauders et al. 1980). The
standard method for estimating volume flow using sonography consists on multiplying the
mean spatial velocity by the luminal cross-sectional area. However, it is well known that this
technique has many problems; these include the inherent variability of vessel geometry,
inaccurate assumptions about flow profile, B-dimensional sampling, and other important
technical limitations derived from the way pulsed and spectral Doppler signals are
registered, not to mention an unsustainable amount of human interaction in the final
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estimation (] M Rubin 1999). All of the abovementioned reasons caused those efforts to fail
and led this pretension to be forsaken for two decades.

Then, the experimental analysis of the Doppler Effect was described - taking into account
the amplitude of the wave and tracking the acoustic speckle pattern produced by the echoes
from moving blood (] M Rubin et al. 1994; Forsberg et al. 1995; Harrington et al. 1996; ] M
Rubin 1999). From those initial approaches, the concept of Fractional Moving Blood Volume
(FMBV) (J] M Rubin et al. 1997) was developed, which was mainly a mathematical
normalization process of the colour pattern obtained from the power Doppler signal
acquisition (Tomas Jansson et al. 2003; A. Welsh 2004). Preliminary publications established
a direct relationship between the data from FMBV acquired by registering the power
Doppler signal in a given Region of Interest (ROI) and actual perfusion of the tissue as
measured by invasive methods in animal models (E Hernandez-Andrade, T Jansson, et al.
2004; E Hernandez-Andrade, Thuring-Jonsson, et al. 2004). It has been recently described
how, under certain foetal conditions such as foetal growth restriction, some perfusion
patterns are objectively altered and significantly differ from “normal” patterns established
by the authors (E Hernandez-Andrade et al. 2008; Rogelio Cruz-Martinez et al. 2009; R Cruz-
Martinez et al. 2011).

Nonetheless, there are still enormous gaps between the information obtained by FMBV and
the actual estimations of, either, flow or perfusion (A. Welsh 2004; Lai et al. 2010). There are
some boundaries which will limit insurmountably the utility of this technique, such as the
low repeatability when comparing one patient with the same in a better acquisition setting -
or one patient with difficulties for exploration like obese or anxious mothers to a normal
one. Additionally, it will be impossible to relate such magnitudes with flow whenever there
is no time frame considered in the image quantification process (A. W. Welsh et al. 2005).

No additional experience in this technique has been published and very likely it will not in
the future. The next logical step would be to evaluate the possibilities of three dimensional
ultrasound and power Doppler as an alternative approach to this phenomenon.

2. Three-dimensional power Doppler signal and the vascular indexes

Three-dimensional power Doppler (PD) became available for medical purposes towards the
end of the last century (Fenster, Lee, et al. 1998; Guo, Durand, et al. 1998). It exhibited some
advantages, considering the higher sensitivity of the PD for detecting, and therefore
depicting, moving particles. Its first clinical application was designed to evaluate
vascularisation in compromised regions, trying to elucidate whether there was an
obstruction or not in a given vessel (Guo & Fenster 1996). Considering its potential for
depicting vascular structure accurately, it was employed as a tool for measuring potentially
angiogenic structures as tumours (Bendick et al. 1998; Kupesic & Kurjak 2000). Also its
potential for depicting vascular architecture and potential anomalies has been considered as
promising (Fig. 1) (Heling, Chaoui, et al. 2000; Chaoui & Kalache 2001)

Nevertheless, the information given by this technique was rather limited, considering there
was no quantification of the signal and no objective measurements would be done. Then, a
mathematical algorithm was developed, firstly used in gynaecology (] M Rubin 1999;
Pairleitner et al. 1999); based on the possibility of a direct correlation between PD signal
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Fig. 1. Three dimensional PD angio mode rendering of intracranial blood vascularisation in
a term fetus

intensity and, somehow, the velocity of the particles and the possible quantification of
moving particles in a Volume of Interest (VOI) over the amount of grayscale, B-mode,
particles in the same VOIL Three indexes were developed, which could indirectly give a
mathematical expression of vascularisation and flow:

*Vascularization index (VI) = color voxels/ (total voxels — background voxels)

100
Vie zc:l he(c)
- 100 100
2o 18(8) + 2 ()

1)

Where

g= gray-scale value in the US image, normalized to 0-100: lowest intensity= 1; highest = 100
c= color value in the US image from power Doppler signal representation. Normalized to 0-
100: lowest intensity= 1; highest = 100

hg(x) = frequency of gray-value x in US image

hc(x) = frequency of color value x in US image

*Flow index (FI) = weighted color voxels/color voxels

1?0 ¢ -he(c)
FI = %1})0 o @
c=1

*Vascularization-flow index 1 (VFI) = weighted color voxels/(total voxels - background
voxels)
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100
zc:1c -he(c)
100 100
Zgzlhg(g) + zczlhc(c)

Based on the above mentioned indexes, a number of research communications have been
produced, evaluating the vascularity of benign versus malign ovarian masses (Kurjak et al.
1998; Juan Luis Alcazar & Jurado 2011) and prostatic tumours (Moskalik et al. 2001).
Regarding the feto-placental unit, several attempts to correlate those indexes with regional
perfusion of foetal brain (Hayashi et al. 1998; Nardozza et al. 2009), liver (C.-H. Chang et al.
2003), and lungs in normal (Dubiel et al. 2005) as well as pathologic in-utero conditions
(Ruano et al. 2006). However, the clinical efficacy of this method remains unsupported by
the evidence. No clinical findings can be drawn from those values so far. (Fig. 2)

VFI =

®)

Fig. 2. Three dimensional PD angio mode rendering of intracranial blood vascularisation in
a mid-trimester foetus with suspected brain sparing. In the right lower corner it is possible
to visualize the histogram with the indexes obtained from the spherical shape -Volume of
Interest

A promising field, still open to research, is the analysis of placental vasculature and its
potential relationship to placental dysfunction (N. W. Jones et al. 2011). Some authors have
found a positive correlation between low vascularisation indexes in early pregnancy and
Fetal Growth Restriction (FGR) (Bozkurt, Basgiil Yigiter, et al. 2010; Dar et al. 2010;
Guimardes Filho et al. 2011; Morel et al. 2010; Negrini et al. 2011; A. O. Odibo et al. 2011;
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Pomorski et al. 2011; Rizzo et al. 2009). It seems that the evaluation of first trimester
placental vascularisation correlates, somehow, with a compromised placentation and
therefore could predict some adverse perinatal outcomes of placental origin. Besides, the
technique exhibits fairly good repeatability and accuracy (Tuuli et al. 2010; Martins & N ]
Raine-Fenning 2010; Yigiter et al. 2011).

The challenges for the future involve overcoming some of the technical problems that the
three dimensional PD is plagued with and also to establish an adequate normalisation
protocol, which it is currently lacking. (Fig. 3)

Fig. 3. Three dimensional angio mode rendering of placental vascularisation in a pre-
eclampsia patient. Quantification of vascular branches suggests a lower flow in the corial
plate when compared to volumes taken at the same gestational age from normal gestations

Another recently attempted and straightforward approach is to use 3D PD for the
evaluation of progressive foetal conditions such as foetal goitrous hypothyroidism (Marin et
al. 2010): In a given patient, under well-controlled conditions, it should be possible to
evaluate the progression of either, an inflammatory response or the success of the treatment,
which was thyroid hormone supplementation in that case. (Fig. 4).

Despite being rather promising, the 3D PD still has important limitations, some related to
the power Doppler signal itself and some derived from acoustic impedance and mechanical
interference. Some of these aspects are going to be discussed further in the next section.

www.intechopen.com



254

Sonography

Fig. 4. Three dimensional PD angio mode rendered image of Thyroid gland of the same
human foetus, before (left side) and after four weeks of intra-amniotic thyroid hormone
supplementation (right side). Actual volume of the gland changed according to foetal
growth, but vascularisation decreased markedly after treatment

2.1 The signal normalization problem and its consequences

To normalize the 3D PD signal, it is necessary to take into account three paramount
boundaries:

The signal can be altered by tissue impedance, which means that a low velocity flow in
a deep vessel will produce completely different PD patterns depending on the mother’s
abdominal wall thickness, the amount of amniotic fluid and the position of the foetus
(Schulten-Wijman et al. 2011).

The settings of the machine can sensibly modify the amount of signal registered by the
processor, and therefore, the amount of colour voxels inside the VOI: the algorithms for
refining the B-mode signal, like the speckle reduction or the cross beam reduction post-
process algorithms, mask the signal processed and “erase” a significant amount of
moving particles. (N J Raine-Fenning, Nordin, Ramnarine, Campbell, Clewes, Perkins &
Johnson 2008b)

The post-processing software provided by the developers of the Volume Measurement
software: 4DView and virtual organ computer-aided analysis (VOCAL®) by General
Electric Medical division. Q-lab® by Philips Medical Division, as well as Sonoview®
and Histogram by Samsung-Medison Co show no correlation in their measurements.
Therefore, the same structure, under similar circumstances, draw off different results
once measurement of the VOI is performed. (J L Alcazar 2008)

2.1.1 The biases behind the algorithm

Based on previous observations, we conducted a preliminary study, on five healthy foetuses
on their 20th week of gestation, comparing the values obtained in the same foetus with
different machines and adjusting settings as main gain in 600 Hz, medium wall filter in 60

Hz,

cross beam reduction off and persistence of colour signal in 0. In all of them the
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structure was the Willis” polygon at the cranial base. Figure 5 shows the images obtained
from the machines and the histograms.

Fig. 5. Images obtained from a single foetus in cephalic presentation, from three different
machines: General Electric Voluson E8 (Upper); Medison Accuvix V20 Prestige (Middle);
Philips iU22 (Lower)
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The results, summarized in the table 1, show how different the measurements are,
depending on the brand. They also show how they differ among themselves, despite the
same gestational age and similar maternal characteristics.

Foetus GE Voluson E8 Philips iU22 Medison Accuvix V20
VI FI VFI VI FI VFI VI FI VFI
449 | 461 | 207 | 323 | 25.1 | 335 | 486 | 169 | 55
141 | 398 | 56 | 166 | 283 | 95 | 394 | 211 8.3
23.6 | 511 173 | 362 | 173 | 195 | 425 | 281 4.7
363 | 389 | 213 | 273 | 328 | 11.1 | 258 | 403 | 192
5 373 | 440 | 95 | 481 | 273 | 131 | 358 | 399 | 6.9

||

Table 1. Results from comparing similar VOI in three different machines, with the PD
quantification application included in their software

In conclusion, normalizing the data from the 3D PD signal is currently not possible and
reference ranges to discriminate normality from pathologic conditions are not available.
Therefore, no feasibility for these indexes in obstetric clinical practice can be foreseen in the
short term.

2.2 The regional normalization solution

Given that no decisions can be made from direct measurement of the abovementioned
indexes, a possible approach could be to use two Regions of Interest (ROI) inside the same
volume. The more reliable possibility after in-vitro testing was the VFI (N ] Raine-Fenning,
Nordin, Ramnarine, Campbell, Clewes, Perkins & Johnson 2008a). And the easier and more
repeatable formula was a simple VFI index

VFL; /VFl, ®)

2.2.1 The ductus venosus shunting as an example

In physiological conditions, few regions of foetal circulation can offer enough regional
differences to be considered clinically relevant. But the most important of these is, no doubt,
the physiological shunt in the ductus venosus which is not only a reliable indicator of
preload, but also a sensitive mechanism of circulatory re-distribution in adverse circulatory
conditions such as placental insufficiency (M Bellotti et al. 2000; Kiserud 2001).

The original description of Ductus Venosus Shunting (DVS) measurement was published by
Belloti (Maria Bellotti et al. 2004), and was, simplifying, an index of estimated flow through
Ductus Venosus (DV) over the one through Umbilical Vein (UV)

The classical way for estimating the flow through the UV is

Quv =0.5% (Vinax Juy x 7 % (DLZJV /4) (6)

Where Vmax relates to the Umbilical Vein maximum velocity as measured by pulsed
Doppler. 0,5 is a normalization constant related to foetal blood viscosity and DUV is the
mean diameter of the umbilical vein in its abdominal portion.
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Also, the calculation of DV flow, made by Belloti et al, is;
Qpy = (—0.03 x DR +0.189 x DR + 0.43) x (Voo v X 7w x(Diyy / 4) @)

Where Vmax DV is the maximum systolic velocity in the Ductus Venosus. DR respresents
the ratio between the inlet (smaller) and the outlet (larger) of the ductus venosus,
represented as part of a paraboloid equation

Therefore, the DVS could be expressed as

(Qov /Quv)--100 ®)

A description of the ideal technique for measuring blood flow in both UV and DV has been
published (Tchirikov et al. 2006). For UV blood volume flow measurement, a straight
segment of the intra-abdominal part of the UV upstream of any hepatic branches should be
selected, with the Doppler gate positioned so as to completely cover the vessel’s diameter.
The UV flow volume can also be measured in the umbilical cord. Authors suggest
measuring blood flow volume following the ‘maximum principle’, which aims to determine
the maximum diameter of the vessel, the maximum intensity weighted mean velocity (or
time-averaged mean velocity, TAV) at the maximum vessel length in a straight longitudinal
section. The inner vessel diameter is determined to the nearest tenth of a millimeter by
placing the calipers at right angles to the vessel axis on a frozen B-mode image (without
color). This is followed by the TAV measurement at the same vessel portion with a small
insonation angle of insonation (less than 30°). The blood volume flow rate is calculated from
diameter (D) and TAV as flow rate = TAV x © x (D/2)2 mL/min. Regarding the DV, The
inner diameter of the DV should be measured by insonating perpendicularly to the vessel
wall at the isthmus. In order to reduce random error, the procedure must be repeated four
or more times and the calculated mean diameter entered into the statistics (Kiserud et al.
2006). Doppler evaluations must be carried out in the absence of fetal breathing and body
movements.

As it should become evident, the skills needed for achieving such measurements are
prohibitively high; the time needed for every exploration is too long for a usual clinical
exploration and the medical scope of this practice is quite reduced. Our proposal to address
this issue is a far simpler, faster and repeatable approach, by using 3D PD. (Bello-Muifioz et
al. 2009)

By taking a single volume of the foetal abdomen in Angio 3D PD mode, it was possible to
measure the UV VFI by calculating it into a 1 cc sphere. After navigating through the
volume, same measurement (DV VFI) was done in the DV, employing the same 1 cc sphere
(Figure 6 summarizes both measurements)

Our study compared 162 volumes from normal foetuses and 36 from Foetal Growth
Restriction (FGR) cases. In all of them we measured the DVS as described classically by
Belloti et al (M Bellotti et al. 2007), and collected a volume of the foetal abdomen with 3D PD
angio mode signal, always adjusting the same settings in the machine (General Electric
Voluson E 8 GE Medical Systems Milwaukee USA) with a 3D RNA5-9-D Volume Convex
Array Transducer Probe.

www.intechopen.com



258 Sonography

Fig. 6. VFI measurement in abdominal umbilical vein (upper) and in ductus venosus
(lower). As the size of the sphere is exactly the same, the VOI remains unchanged

The calculation of the DV/UV VFI ratio was as simple as:
DV -VFI /UV -VFI.--100 )

We found a significant positive correlation between DVS measured as described by Belloti et
al and DVS measured as a ratio of DV/UV VFI (Figure 7)
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Fig. 7. Lineal regression plot comparing the DVS measured as classically described and the
DV/UV VFI ratio r value = 0.81; P<0.001

Reference ranks equation y = 0,6766 + 1,6542 x + -0,007813 x2

Also, as previously described, we found a significant difference in DV/UV VFI ratio
between normal and FGR foetuses. Comparing results in growth restricted foetuses showed
difference as plotted by gestational age mean (SD):39 (11,5) and 53(16,8) (p = 0,03). (Figure 8)
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Fig. 8. Box Whisker plot of DV/UV VFI ratio comparing normal (left) to IUGR foetuses

(right)
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3. Four-dimensional power Doppler signal and the estimation of flow
3.1 The addition of a time sequence

Since the solution provided is already limited and only allows to estimate some regional
changes in vascularity, applicable perhaps to the abovementioned DVS and to placenta
(Odeh et al. 2011), but is still far away from depicting the flow phenomenon; it is necessary
to move forward, towards two recently opened gates:

First is the integration of Power Doppler signal derived velocities profile, whose most
reliable approach is the Surface Integration of Velocity Vectors, (Sun et al. 1995; ] M Rubin et
al. 2001; Berg et al. 2000) a clarifying concept which was developed for Color Dopler signal
analysis, but has the handicap of the angle effect (Pemberton et al. 2005; Li et al. 2005),
reason why it was left aside. Until the algorithms for calculating velocity of particles from
power Doppler signals were developed (M. G. Jones et al. 2003; Kripfgans et al. 2006;
Petersch & Honigmann 2007)

Surface integration of velocity vectors is based on Gauss’ theorem, which relates the
divergence of the quantity (v) in an enclosed volume (V) to the flux through the surface (S)
covering (V). In other words, a surface integral of v over the enclosing boundary S will yield
the volume flow Q:

Q:Waz. (10)
S

The easiest way to implement SIVV is to choose a surface that is locally perpendicular to
each Doppler beam. For this case, the right side dot product in Equation 1 will be replaced
by a regular multiplication of the Doppler velocity and the size of the surface element. In
other words, this surface has a constant depth geometry with respect to the Doppler beams.
(Kripfgans et al. 2006)

The most general scanning geometry is the surface of a torus because the center of rotation
for the axial-lateral and axial-elevational beams can differ). Volume flow can be computed
by integrating all Doppler acquisitions on the defined surface, as expressed by Kripfgans et
al:

Q= Zviai (11)
ieS
Where, Q is the total flux through the surface S, which equals volume flow; vi is the local
Doppler velocity; ai is the associated cross-sectional area on S for this voxel, and - is the dot
product between the local velocity vector and the local surface normal. In this case, the
detected velocity is parallel to the surface normal.

In Kripfgans et al experiment, for the depicted type of tube-to-transducer orientation, the
left-/right-most Doppler beam has the smallest/largest Doppler angle, respectively. This
causes the velocity maximum to shift toward the left. However, warping of velocity values
does not affect the measured SIVV value. Inherent compensation of this warping is due to
nonuniform distribution of surface elements over the tube cross section.

A very important matter, mainly derived from biophysical characteristics of blood is the
Rouleaoux’ effect (] M Rubin et al. 1997; A. W. Welsh et al. 2005; N ] Raine-Fenning, Nordin,
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Ramnarine, B. K. Campbell, Clewes, Perkins & Johnson 2008a). The local Doppler power is
largest inside the vessel and smallest outside because of the effect of partial volume
averaging and the Doppler wall filter effect, which gives the pixels inside the vessel a higher
power. All Doppler data is wall filter processed internally in the scanner by the smallest
setting possible on the machine. Therefore, it is mandatory to minimize filtering for the
selected Doppler frequency range.

Authors define a solution for surface integration of velocity vectors, which was weighted on
the basis of the Doppler power in the respective voxels. A velocity masking algorithm which
was generated, using the Doppler power value pT to weight the velocity values of the
integration surface.

Therefore, the modified SIVV method that was used by the authors was

Q=>(vi-a)p; - (12)

ieS

Where, pi is a scaling factor based on the local Doppler power. Power weighting factors pi
were set to 1 for all Doppler powers larger then pT. Values between 0 and pT were scaled
between 0 and 1 on the basis of their Doppler power value. The justification for the
selection/scaling process is that voxels near the wall, which partially contain flow and soft
tissue, will show lower than- maximum Doppler power. Fractional power is therefore
weighted by fractional scaling factors. So far, the threshold pTwas set empirically by
developers. However, it was set constant for all measurements, and it could be shown that
the pT contour fills the lumen. User-selected Doppler gain was adjusted as needed to
compensate for signal reduction due to large angles between flow and Doppler beams.

The next addition to the conceptual framework was the estimation of pulsatile conditions by
Richards and Kripfgans (Richards et al. 2009), by adding to the model the potential signal
fluctuations derived from the wall movements and the local velocity profile changes derived
from particles acceleration. As a first issue, authors defined the possibility of collecting not
one, but N number of velocity profiles according to the local variations in time and position.
Such local velocities were expressed as:

M=

—.
Il
[uy

v(Xi,tj)

=B (%) =, (13
Where E(vi(Xi)) is the expected value of the local velocity estimates. v(Xi,tj) are the local
velocity estimates that are measured at randomly selected time increments defined by t;j as
follows:

L =tj+t+1,, (14)

Authors defined an experiment to obtain the average volume flow in the presence of
pulsatility: 50 random time points distributed across the equivalent of a cardiac cycle were
collected and averaged at each location. Power Doppler data were then used to correct for
partial volume effects as described in the previous paragraph. Then, using seven previously
defined surfaces for flow estimate, the equation for the modified SIVV method, became:
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Q :i Z Si'wi“ji ’ (15)

ieSy

where M is the number of integration surfaces and the surface of integration (S) has been
modified to include the M surfaces (SM).

In our opinion, Richards & Kripfgans” works have achieved a breakthrough in this matter,
and the experiment we have developed is nothing but a logical consequence of their
postulations.

Before describing the experiment, next consequent step was to add a regular time frame to
the algorithm. Fortunately, the tool for getting the initial data was already developed and
seated on the machine: The Spatio Temporal Image Correlation (STIC) is an automated
volume acquisition in which the array inside the transducer housing performs a slow, single
sweep, recording one single 3D data set. This volume consists of a high number of 2D
frames, one behind the other. Due to the small region of interest required to image the foetal
heart, the B-mode frame rate during the acquisition of the volume scan is very high, in the
range of 150 frames/s. Assuming a volume acquisition time of 10 s and sweeping over an
area of 25° (both parameters can be adjusted), there are 1500 B-mode images in the volume
memory. During this acquisition time the fetal heart beats 20-25 times, which means there
are 20-25 images showing a systolic peak contained within these 1500 B-mode frames
(DeVore et al. 2003; Chaoui & Heling 2005). Concerning this application, further studies
have shown how, the mere analysis of intra-ventricular stroke volume in left and right heart
gave information reliable enough for calculating the cardiac output in foetuses from 16 to 32
weeks (Molina, Faro, Sotiriadis, Dagklis & Nicolaides 2008a).

Basis of volume calculation in VOCAL are performed by integration of polygon areas
marked in parallel planes. The method used for the integration of the polygon areas is given
by the formula

P 2:N
Vol ——| " TA; -ds; (16)
N [T

Where N = number of marked polygon areas Ai = polygon area in plane i di,j = distance
between plane i and plane j the sort order of planes 1,..., N is given by d1,2 £d1,3 £... £ d1,N.
(Sohn 1993; Robb et al. 1997).

And the basis for stroke volume calculation and cardiac output calculation were (Molina,
Faro, Sotiriadis, Dagklis & Nicolaides 2008b):

n—ow n—ow

cozum[nlj Vs i-t lim[l+1j VD (17)
n n

Where CO = Cardiac Output, VS is Systolic Volume and VD is Diastolic Volume.

The abovementioned approach provides some additional information on cardiac output and
has proven to be repeatable and more accurate than previous methods (Messing et al. 2007;
Hamill et al. 2011; Simioni et al. 2011). Notwithstanding, it still has a substantial amount of
human interaction, and is rather time-consuming as for being used in an actual clinical setting.
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Fig. 9. Reproduction of STIC and VOCAL model for left ventricle output calculation in a
term ovine foetus, taken by the authors during their experiment (Bello-Mufoz et al. 2010); as
proposed by Molina et al.

3.1.1 The cardiac output model

Based on previous studies and encouraged by the works of Richards & Kripfgans, we
decided to develop an algorithm of flow calculation, based on surface integration of velocity
vectors and time frame sequences from STIC volumes. Volume datasets as obtained by the
ultrasound machine Medison Accuvix V-20 prestige with a Medison 3D4-8ET 3D volumetric
probe (Samsung Medical Co, Hoofddorp, Nz).
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A total of eight foetuses from near term pregnant sheep (125-140 days) were exteriorized
through a cesarean section and a modified central catheter inserted via umbilical cord and
under direct echographic vision. An arterial line was also inserted in one of the umbilical
arteries. Both transducers from the catheters were connected to a PICCO monitor for
invasive testing (PULSION Medical Inc. Irving TX, USA). Continuous measurement of
combined cardiac output was the registered as long as the experiment was carried out,
meanwhile one of the authors (JB-M), recorded several volume datasets synchronizing the
register of the data set with data obtained by monitorization. Analysis of all the data was
made offline.

A complete spreadsheet of physiologic registers from the experimental subject was recorded
for comparison and external validation of calculations. All images were processed by using
the Mathematica® software (Wolfram Research Europe Ltd., Oxfordshire, UK). All data
from VOI analysis was addded to the calculation spreadsheet and a polinomial regression fit
model was designed

The mathematical background of this study was based on flow calculation:
Q= Z(Vi “a;)p; - 12)
ieS

And the concept of vector velocity profile described above. But with the addition of a time
frame provided by the STIC algorithm, which means a continuous sum of velocity profiles,
giving us a new profile of the area, represented as:

1142
(1+A) =14+ 2%, Al1=1Dx (18)
2!
And to the velocity profile, expressed also as
D" vi(t1) + 0i(t2)... ...vi()tn (19)

Where N is the entire amount of frames included in a cardiac cycle.

Once collected the sequences, information of velocity vector profile (VVP) form the VOI
was collected in a series of frames, from the starting of the cardiac cycle (early start of
diastole), denominated as fo until the end of same cycle (end of systole) hence called t,.
Information of VVP was then modified according to area variation in every frame.
Therefore, the mathematical expression of this phenomenon could be expressed as a
matrix of data:

> Qu=((Aloil)fl i (A20i2)f1 - b (Axoix)tl i (ALoil)2 | (A20i2)82 } - 0
(Axoix)t2  (Aloil)tn i (A20i2)tn - @ (Ax.vix)tn)

Where A, is an estimated area obtained by adding all the regional areas in the VOI and vi, is

the velocity vector profile in each sub-area, according to, previously described, sectorial
variations in velocity. And ¢ is the timeline described above.
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Fig. 10. Screen snapshot of descending aorta plane with selected volume of evaluation. Right
side of the image is the VOI containing the v;...v, information. A set of voxels like this one
was added to the matrix, since t; till £, where n=end of the cardiac cycle. (Actual experiment
added measurements from the aortic isthmus, this image is for illustrative purposes)

Fig. 11. Colour deconvolution algorithm as delivered by the Mathematica software ®
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Regression analysis showed a strong correlation between actual measurement of Combined
cardiac Output as obtained by invasive methods and the estimated flow 4D PD dataset as
calculated by the authors. The reference polynomial equation and plot is showed in Figure
11

Fig. 12. Polinomial regression plot

4. Conclusion

Three dimensional power Doppler (3D PD), in its current state has no correlation with
actual flow measurements, since there is no way of involving the time as a magnitude. Four
dimensional power Doppler, by adding the surface integration of velocity vectors from
power Doppler signal, and the Spatio Time Image correlation (STIC) might improve
significantly its potential. An important amount of additional research on this field is
mandatory in order to grant its utility in clinical conditions. But 4D PD could be, in the near
future, the most reliable tool for non invasive assessment of physiological intrauterine
magnitudes, as Cardiac Output, vascular shunting and flow variations, in normal as well as
in pathological conditions
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Fetal Yawning

Olivier Walusinski
Family Physician. Private Practice
France

1. Introduction

The introduction of ultrasound exploration during pregnancy has led to very important
conclusions concerning fetal behavioural milestones. For example, the development of oral
sensorimotor functions such as swallowing (essential for survival) can be assessed from
normal or abnormal neurobehavioral development during the fetal period. While the
assessment of these functions takes a long time, another daily behaviour can be detected
during an ultrasound examination: yawning. Before the development of real-time imaging
techniques, it was impossible to assess facial movements, swallowing and thus yawning.
Only the overall movements of the trunk and limbs could be perceived by the mother or by
someone touching her belly with their hand. In this chapter, we will show the usefulness of
ultrasound in exploring facial mobility, particularly yawning, and in drawing conclusions
on harmonious fetal cerebral development.

The phenomenon of yawning is just as intriguing and fascinating as sleep, yet
understanding of its causes and consequences has defied the human mind for centuries.
Phylogenetically and ontogenetically primitive, this motor behaviour has been remarkably
well preserved during evolution and is nearly universal in vertebrates. It appears closer to
an emotional stereotypy than to a reflex. Yawning is a stereotyped and often repetitive
motor act characterized by gaping of the mouth accompanied by a long inspiration of air or
fluid, followed by a brief acme and a short expiration. It is not merely a simple opening of
the mouth, but a complex coordinated movement bringing together a flexion followed by an
extension of the neck, a wide dilatation of the laryngopharynx with strong stretching of the
diaphragm and anti-gravity muscles. Highly stereotypical because no environmental input
changes the sequence of movements, it is observed in cold-blooded and warm-blooded
vertebrates, from reptiles with rudimentary ‘archaic’ brains to human primates, in water, air
and land environments. The ethology, neurophysiology and neuropsychology literature
describes yawning as a transitional behaviour associated with wake/sleep rhythms and
hunger/satiety fluctuations, where it externalizes a group of possible vigilance-stimulating
mechanisms and attests to the central role of the diencephalon and notably the
hypothalamus in homeostasis (Walusinski, 2004; Guggisberg, 2010).

All the movements that a newborn is able to produce originate during the fetal phase and
are performed throughout the life span. The fetus exhibits a wide range of behaviours
starting with slow flexion and extension of the spine and limbs at around 7 weeks gestation.
The variety of movements increases rapidly over the next three to four weeks and many
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different movement patterns have been described, including breathing, truncal rotation,
limb flexion/extension, sucking and yawning (de Vries, 1982).

2. How to recognize a fetal yawn during ultrasound examination

During ultrasound facial examination, yawning can be seen accidentally. Yawning consists
of a slow opening of the mouth with simultaneous downward movements of the tongue
and is usually combined with retroflexion of the head. This phase occupies 50 to 75% of the

Fig. 1. Development of brain and fetal central nervous system and chronology of the
functional development of fetal movements
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yawning cycle. After reaching its maximum opening, the mouth remains wide open for 5 to
15 s and returns to its resting closed position within seconds. This harmonious sequence is
markedly different from a brief swallowing episode. Using a colour Doppler technique, it is
possible to observe the flow of amniotic fluid through the fetal mouth, oropharynx and
trachea to the lungs. Contrary to adults, yawning is non-repetitive in the fetus. It is part of a
generalized stretch, not just a matter of opening one’s mouth. It especially involves the
muscles of the respiratory tract (diaphragm, intercostals), face and neck. Fetal yawning can
be recognized as one of the movement patterns consistently present starting at around 11-12
weeks of pregnancy (fig. 2). The frequency of yawning gradually increases between 12 and
24 weeks (fig. 3 and 4). During this time, it is possible to observe 40 to 60 yawns per day,
and it is the best time to assess yawning with ultrasound examination. A plateau is reached,
after which the number of yawns decreases slightly until term. Thus, yawning occurs
regularly at a rate of about 1 to 3 yawns per hour. It is obviously by chance or after a long
investigation that a yawn can be observed. Furthermore, occiput anterior fetal position
unfortunately impedes adequate observation of yawning (Sepulveda, 1995; Masuzaki, 1996).

3. Yawning and neurodevelopmental assessments

Yawning is a phylogenetically old, stereotyped phenomenon. Its survival without
evolutionary variations suggests a particular importance as far as development. The strong
muscular contraction during yawning has a metabolically high cost. If we agree with
Darwin’s evolutionary propositions, the costs of brain activity must be outweighed by the
developmental advantages. Thus, one structural hypothesis is activation of neurotrophins,
which leads to a cascade of new synapse formation or recruitment as well as activation
through the diencephalon, brainstem and spinal cord. Activity-dependent development has
been clearly shown to be one mechanism by which early sensory or motor experience can
affect the course of neural development. This mechanism may be a ubiquitous process in
brain maturation, by which activity in one brain region can influence development of other
regions. Fetal yawning can be seen as a mechanism that influences functional determination
of the moving parts of the musculoskeletal system and contributes to joint development and
maintenance.

Fetal movements become more regular and coordinated as a result of increased maturation
of the nervous system. At the beginning of the third month, the embryo becomes a fetus
with the occurrence of the first oral and pharyngeal motor sequences, controlled by
neurological brainstem development and the development of the suction-swallowing
activity and yawning. Indeed, suction and yawning have the same embryological origin,
which shows the importance of the brainstem in the neurophysiological development of
oropharyngeal activity coordinated by respiratory, cardiac and digestive regulations, which
have the same neuroanatomical location. The cephalic pole comprises an original
embryological encephalo-facial and encephalo-cervical segmentation with a strict
topographical correspondence: the naso-frontal and premaxillary structures are connected
to the forebrain; the maxillo-mandibular and anterior cervical structures are connected to
the 41 brainstem and its nerves. The major structures of the brainstem are formed by the 7-
8th postconceptional week, although brainstem maturation continues until the 8th
postconceptional month. In addition to its many subnuclei, the brainstem gives rise to a
variety of descending spinal motor tracts and hosts the nuclei of five cranial nerves (VIII-
XII). Formation of the pons begins almost simultaneously, but its maturation is more
prolonged. The structures of the pons include cranial nerves V-VIII and the medial
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Fig. 2. Fetal yawn at 12 weeks of pregnancy (3D). Fetus weighing 80g

Fig. 3. Fetal yawn at 23 weeks of pregnancy (3D). Fetus weighing 200g
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Fig. 4. Fetal yawn at 23 weeks of pregnancy (2D). Fetus weighing 200g

longitudinal fasciculus (MLF), pontine tegmentum, raphe nucleus and locus coeruleus,
which exert widespread influence on arousal, including the sleep-wake cycle. Therefore,
these structures exert tremendous influence on gross body movements, head turning, heart
rate, and respiratory movements, as well as swallowing, yawning, suckling, hiccups, and 7
facial grimacing movements (Santagati, 2003; Kontges, 1996; Jacob, 2000; Sadler, 2009) (Fig. 1).

The emergence of different behavioural states is one of the most significant aspects of early
brain maturation in the fetus. In early intra-uterine life, a diffuse collection of phasic and
cyclic motor events occur that gradually coalesce. For the fetus, wakefulness and sleep are
reliably characterized, respectively, by periods of myoclonic twitching and movements of
the limbs against a background of muscle atonia. Periods of twitching are almost always
followed by the abrupt onset of high-amplitude, wakeful behaviours. The emergence of
distinct states is followed by dramatic changes in the level, duration and cyclicity. An
ultradian rhythm may be observed: during a 60 to 90 minute period, there is an alternation
of movement characterized by motor activity and movement characterized by rest, as in
newborns. The switchover from periods of rest to periods of activity is accompanied by a
yawn. Thus, a periodicity of one or two yawns per hour can be seen. Repetitive motions
gradually determine the shape and composition of moving structures, as well as their
associated neural control pathways. The precociousness and stability of yawning suggest
that these characteristics contribute to such development. Furthermore, since a forced
inspiration is a critical component of yawning, a potential role for expanding fetal terminal
alveoli by the inspired fluid is possible (Marder, 2005).

4. Yawning as a testimony to safe neurological development

In pregnant women, the methods of assessing fetal wellbeing include the biophysical
profile; however, this method is limited. Thus, infants must develop safe and effective
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respiration and oral feeding skills after birth if they are to survive. For this to occur, infants
must have the necessary anatomical structures and adequate central control to coordinate
swallowing, ventilation, sleep and arousal. Yawning is associated with all of these
behaviours and thus is useful to observe. Fetal facial expressions and movements are known
to be an indirect expression of cerebral functional maturity during the fetal period. Facial
expressions during this period correspond to facial expression during the neonatal period.
Ultrasound has become essential for assessing neurophysiological development as well as
detecting anatomical pathology. 4D ultrasound makes it straightforward to comprehend
morphological dynamics such as yawning or sucking. As we have seen, yawning can
provide information about neurodevelopment and the development of behavioural rhythms
(alternation between motor activity, rest and sleep). When fetal activity appears abnormal,
nervous system development may be disturbed. Yawning indicates harmonious development
of both the brainstem and the peripheral neuromuscular function, testifying to the induction
of an ultradian rhythm of vigilance (Rogers, 2005; Einspieler, 2005; Kurjak, 2008). (Ultradian
rhythms are recurrent periods or cycles repeated throughout a 24-hour circadian day. In
contrast, infradian rhythms, such as the human menstrual cycle, have periods longer than a
day. The descriptive term ultradian is used in sleep research in reference to the 90-120
minute cycling of the sleep stages during human sleep).

5. Fetal pathologies assessed by yawning exploration

Yawns recur regularly, about one or two per hour. When a yawn is observed during a 4D
US examination, it is obviously by chance or after very long investigation. Yawning appears
preferentially after a period of rest, and indicates waking. If normal swallowing is seen
(much more frequent), yawning seems of no additional interest with regard to harmonious
brainstem maturation. Inversely, the lack or dysfunction of swallowing requires taking the
time to understand the set of phasic and cyclic motor events characterizing the ultradian
fetal rhythm, thereby increasing the opportunity to observe a yawn. If the ultrasound
examination suggests the absence of yawning and swallowing, it is imperative to search for
developmental and anatomical abnormalities (van Woerden, 1988).

The lack of fetal yawning, frequently simultaneous to the lack of associated swallowing may
be a key to predicting brainstem dysfunction after birth. It is thus imperative to search for
mandibular hypoplasia and glossoptosis, often associated with cleft palate (Luedders, 2011;
Palit, 2008). For example, Pierre Robin sequence is characterized by a posterior U-shaped
cleft palate, retrognatia and glossoptosis. Several arguments favour an embryonic origin
consisting of an anomaly in caudal hind brain development. Feeding disorders are the most
important functional symptom. Mother testimonies are consistent with the lack of yawning
at birth and its progressive appearance during the first year of life, simultaneous to the
acquisition of the swallowing reflex necessary for feeding. Pierre Robin syndrome can be
seen as the prenatal brainstem dysfunction responsible for orofacial maldevelopment, which
can be diagnosed at 23 weeks gestation during a 4D ultrasound examination (Bromley, 1994;
Rotten, 2001).

Petrikovsky et al. (1999) report that clusters of yawns were observed in a series of anaemic
fetuses and suggest that yawning repetitiveness helps to track fetal anaemia, although fetal
yawning has no effect on O2 pressure. Yawning can be seen as the exteriorization of a
homeostatic process, the balance between adrenergic and cholinergic stimulation of the
autonomic nervous system. We believe this function is already active in the fetus.
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Although no data has actually been collected, we have made a non-exhaustive inventory of
congenital pathologies in which yawning research is relevant:

- Mandibular hypoplasia is a frequently encountered craniofacial difference and can be
classified into congenital and developmental types:

- Mandibulofacial dysostosis with a variety of limb abnormalities

- Any syndrome (primary bilateral or unilateral growth anomalies), associated or not
with temporo / mandibular joint ankylosis, aglossia / microglossia: Francheschetti
syndrome, Goldenhar syndrome, Richner-Hanhart syndrome.

- Moebius syndrome comprises a congenital facial diplegia and bilateral abducens nerve
palsies by degenerative and involved nuclei of the VI, VII, and XII nerves. Simultaneous
occurrence of limb malformations with cranial nerve dysfunction suggests a disruption
of normal morphogenesis during a critical period in embryonic brainstem development,
most likely starting at 4 to 7 weeks of gestation. Instances of bilateral paresis of the soft
palate and scattered instances of dysphagia (some of which resolve in infancy) have
been reported. In this type of functional problem, the inability to close the mouth is
constant.

- Watershed infarcts in the fetal and neonatal brainstem are clinically expressed as
multiple cranial neuropathies, failure of central respiratory drive and dysphagia.

- Goldenhar Syndrome includes malformations primarily involving the jaw, mouth and
ears and, in most cases, affects one side of the body. It represents defects in the
embryonic first and second brachial arches, the first pharyngeal pouch and brachial
cleft, and the primordia of the temporal bone.

- Joubert syndrome is a rare, genetic disorder characterized by absence or
underdevelopment of the cerebellar vermis and a malformed brainstem. The most
common features include ataxia, an abnormal breathing pattern, sleep apnea, abnormal
eye and tongue movements, and hypotonia.

- It is possible to complete this catalogue by referring to Congenital trismus, Crisponi
syndrome, Stiive-Wiedemann syndrome, etc.

6. Conclusion

An entirely new paradigm has emerged in fetal medicine, given that the advances in
prenatal imaging allow one to see and diagnose disease not previously detected. Clinicians
can better plan for the delivery of the neonate, with identified anomalies being optimally
managed and the impact on the neonate's health minimized. There exists a sound rationale
for including systematic observations of spontaneous motor activity in the neurological
assessment of fetuses. Yawning, as spontaneous motility linked to brainstem activities,
appears to be a good parameter for indicating such wellbeing and harmonious
development. Thus, brainstem maturation could be associated with changes in the yawning
pattern. A difficult task is qualitative evaluation of general and partial movements in order
to distinguish normal from abnormal performance. Yawning is a basic behaviour that is
easy to recognize and highly valuable in assessing brainstem activity. It is advisable to
include the fetal yawning examination in the systematic week 23 ultrasound scan. Future
studies will improve its diagnostic value in detecting neuromuscular developmental
abnormalities as well as fetal behavioural abnormalities.

A complete review on yawning can be founded in the book: “The Mystery of Yawning in
Physiology and Disease”. Walusinski O. ed. Basel. Karger. 2010. 160p.
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1. Introduction

Some of the successful applications of the image processing techniques are in the area of
medical imaging. The development of sophisticated imaging devices coupled with the
advances in algorithms specific to the medical image processing both for diagnostics and
therapeutic planning is the key to the wide popularity of the image processing techniques in
the field of medical imaging. Ultrasound imaging is one of the methods of obtaining images
from inside the human body through the use of high frequency sound waves. The reflected
sound wave echoes are recorded and displayed as a real time visual image. It is a useful way
of examining many of the body’s internal organs including heart, liver, gall bladder, kidneys
and ovaries. The detection of follicles in ultrasound images of ovaries is concerned with the
follicle monitoring during the diagnostic process of infertility treatment of patients.

For women undergoing assisted reproductive therapy, the ovarian ultrasound imaging has
become an effective tool in infertility management. Among the many causes, ovulatory failure
or dysfunction is the main cause for infertility. Thus, an ovary is the most frequently ultrasound
scanned organ in an infertile woman. Determination of ovarian status and follicle monitoring
constitute the first step in the evaluation of an infertile woman. Infertility can also be associated
with the growth of a dominant follicle beyond a preovulatory diameter and subsequent
formation of a large anovulatory follicle cyst. The ovary is imaged for its morphology (normal,
polycystic or multicystic), for its abnormalities (cysta, dermoids, endometriomas, tumors etc),
for its follicular growth in ovulation monitoring, for evidence of ovulation and corpus luteum
formation and function. Ovulation scans allow the doctor to determine accurately when the
egg matures and when it ovulates. Daily scans are done to visualize the growing follicle, which
looks like a black bubble on the screen of the ultrasound imaging machine.

I NT EC H © 2013 Hiremath and Tegnoor; licensee InTech. This is an open access article distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
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1.1. Ovarian types

The outcome of ovarian evaluation is the classification of the ovary into one of the three types
of ovaries, namely, normal ovary, cystic ovary and polycystic ovary, which are described
below :

i Normal ovary with antral/dominant follicles

A normal ovary consists of 8-10 follicles from 2mm to 28mm in size [1]. The group of follicles
with less than 18mm in size are called antral follicles, and the size in the range of 18-28mm are
known as dominant follicles. In a normal menstrual cycle with ovulation, a mature follicle,
which s also a cystic structure, develops [2]. The size of a mature follicle that is ready to ovulate
is about 18-28mm in diameter. During the past 50 years, it has been accepted that folliculo-
genesis begins with recruitment of a group or cohort of follicles in the late luteal phase of the
preceding menstrual cycle followed by visible follicle growth in the next follicular phase [3].
The group or cohort of follicles begins growth and by the mid-follicular phase, around day 7,
a single dominant follicle appears to be selected from the group for accelerated growth [4]. The
dominant follicle continues to grow at a rate of about 2mm per day. In women, a preovulatory
follicle typically measures 18-28mm when a surge of luteinizing hormone (LH) is released
from the pituitary to trigger ovulation; ovulation occurs approximately 36 hours after LH
release [5]. The Figure 1 shows an ultrasound image of normal ovary with dominant follicles.

ii. Ovarian cyst

An ovarian cyst is simply a collection of fluid within the normal solid ovary. There are many
different types of ovarian cysts, and they are an extremely common gynaecologic problem.
Because of the fear of ovarian cancer, cysts are a common cause of concern among women.
But, it is important to know that the vast majority of ovarian cysts are not cancer. However,
some benign cysts will require treatment, in that they do not go away by themselves, and in
quite rare cases, others may be cancerous [6]. The most common types of ovarian cysts are
called functional cysts, which result from a collection of fluid forming around a developing
egg. Every woman who is ovulating will form a small amount of fluid around the developing
egg each month. The combination of the egg, the special fluid-producing cells, and the fluid
is called a follicle and is normally about the size of a pea. For unknown reasons, the cells that
surround the egg occasionally form too much fluid, and this straw colored fluid expands the
ovary from within. If the collection of fluid gets to be larger than a normal follicle, about three-
quarters of an inch in diameter, a follicular cyst is said to be present. If fluid continues to be
formed, the ovary is stretched as if a balloon was being filled up with water. The covering of
the ovary, which is normally white, becomes thin and smooth and appears as a bluish-grey.
Rarely, though, follicular cysts may become as large as 3 or 4 inches [7]. The Figure 2 shows
an ultrasound image of cystic ovary.

iii. Polycystic ovary

The typical polycystic appearance is defined by the presence of 12 or more follicles measuring
less than 9mm in diameter arranged peripherally around a dense core of stroma [8]. Other
ultrasound features include enlarged ovaries, increased number of follicles and density of
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Figure 1. Ultrasound image of a normal ovary with dominant follicles

ovarian stroma. The current ultrasound guidelines supported by ESHRE/ASRM consensus
characterize the polycystic ovary as containing 12 or more follicles measuring 2-9mm [9]. The
basic difference between polycystic and normal ovaries is that, although the polycystic ovaries
contain many small antral follicles with eggs in them, the follicles do not develop and mature
properly, and hence, there is no ovulation [10]. The infertility incidence with polycystic ovaries
is very high. These women usually will have difficulty in getting pregnant and, hence,
invariably require treatment to improve chances for pregnancy. In a polycystic ovary, the
numerous small cystic structures, also called antral follicles, give the ovaries a characteristic
"polycystic" (many cysts) appearance in ultrasound image. It is referred to as polycystic ovarian
syndrome (PCOS/PCOD) [11]. Since women with polycystic ovaries do not ovulate regularly,
they do not get regular menstrual periods. The Figure 3 shows an ultrasound image of ovary
with PCOD.

A computer assisted diagnostic procedure is desirable because of tedious and time consuming
nature of the manual follicle segmentation and ovarian classification done by medical experts.
In the present book chapter, the objective of study is to design algorithms for follicle detection
and ovarian classification in ultrasound ovarian images in order to assist medical diagnosis in
infertility treatment using digital image processing techniques.
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Figure 2. Ultrasound image of a cystic ovary

1.2. Background literature

In [12,13], follicular ultrasound images are segmented using an optimal thresholding method
applied to coarsely estimated ovary. However, this fully automated method, using the edges
for estimation of ovary boundaries and thresholding as a segmentation method, doesn’t give
optimal results. In [14], this method has been upgraded using active contours and, conse-
quently, the segmentation quality of recognized follicles is considerably improved. Edges of
recognized objects were much closer to the real follicle boundaries. However, the determina-
tion of suitable parameters for snakes automatically is problematic. In [15], region growing
based segmentation method is used for the follicle detection. In [16], a semi automated method
is proposed for the outer follicle wall segmentation, wherein a frequent manual tracing of the
inner border of all follicles is done. In [17], cellular automata and cellular neural networks are
employed for the follicle segmentation. The results are found to be very promising but an
obvious drawback of these two methods is the difficulty in determination of the required
parameters for follicle segmentation. In [18], the authors have determined the inner border of
all follicles using watershed segmentation techniques. Watershed segmentation was applied
on smoothed image data which merged some small adjacent follicles. Therefore binary
mathematical morphology was employed to separate such areas adhoc in some steps. In [19],
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Figure 3. Ultrasound image of an ovary with PCOD

the authors have reported follicle segmentation based on modified region growing method
for the follicle segmentation and linear discriminant classifier for the purpose of classification.
In [20], the scanline thresholding method is used for the follicle detection and the segmentation
performance is measured in terms of the mean square error (MSE).

The follicles are the regions of interest (ROIs) in an ovarian ultrasound image, which need to
be detected by using image processing techniques. This is basically an object recognition
problem. Thus, the basic image processing steps, namely, preprocessing, segmentation, feature
extraction and classification, apply. In the literature, the authors have employed various
techniques for ultrasound image processing, as shown below:

1. Preprocessing
— Gaussian low pass filter
— Homogeneous region growing mean filter (HRGMF)
— Contourlet transform
2. Segmentation
— Optimal thresholding
— Edge based method
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— Watershed transform
— Scanline thresholding

— Active contour method

3. Feature extraction
— Geometric features
— Texture features
4. C(lassification
— 30 interval based classifier.
— K-NN classifier
— Linear discriminant classifier
— Fuzzy classifier

— SVM classifier

1.3. Image data set

For the purpose of experimentation, the databases D1, D2 and D3, of ultrasound images of
ovaries are prepared in consultation with the medical expert, namely, Radiologist and
Gyneocologist, for the present study of the follicle detection and ovarian classification in
ovarian images. Some of the images are captured by the Toshiba [Model SSA-320A/325A]
diagnostic ultrasound system with the transvaginal transducer frequency 26 Hz. Some of the
images are obtained from the publicly available websites [www.radiologyinfo.com;
www.ovaryresearch.com]. The image dataset D1 consists of the 80 ultrasound ovarian images,
with the size 256x256. The image dataset D2 consists of the 90 ultrasound ovarian images, with
the size 512x512. The image dataset D3 consists of the 70 ultrasound ovarian images, with the
size 512x512. It contains the images of 30 normal (healthy) ovaries, 20 polycystic ovaries and
20 cystic ovaries.

2. Follicle detection

The methods employed by [Hiremath and Tegnoor] for follicle detection based on different
segmentation, feature extraction and classification techniques are described below:

a. Edge based method

The automatic method for the detection of follicles in ultrasound images of ovaries using edge
based method uses, Gaussian lowpass filter for preprocessing, canny operator for edge
detection for segmentation, 3o-intervals around the mean for the purpose of classification [21].
The experimentation has been done using sample ultrasound images of ovaries and the results
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are compared with the inferences drawn by medical expert. Initially, the image is processed
with Gaussian low pass filter yielding denoised image. Then canny operator is applied to detect
the edges from the denoised image. Morphological dilation is performed by using the disk
shaped structuring element with radius 1 to fill the weak edges. which yields the segmented
image. Possible holes inside the segmented regions are filled. Any spurious regions due to
noise are eliminated by morphological erosion. The regions in segmented image having
smaller area than the threshold T (empirical value) are removed. The segmented regions are
labeled. Set all the nonzero pixels of the border of segmented image to zero, which yields the
final segmented image. Thus the plausible follicle regions are the labeled segments.

The geometric features are extracted for the known follicle regions. The main aim of geometric
feature extraction is to recognize geometric properties of ovarian follicles in ultrasound images.
The ovarian follicles are oval shaped compact structures, which resemble the circular/ellipse
and are, thus, characterized by the seven geometric features, namely, the area A, the ratio R of
majoraxislength to minoraxislength, the compactness Cp, the circularity Cr, the tortousity Tr,
the extent E and the centriod Y= %ZB: CS_i,_j(F'l(A(F (CSL].(X))))) )

ij=1
The classification stage comprises two steps, namely, the training phase and the testing phase.

Training phase : In the training phase, the geometrical features, are computed for regions known
to be follicles in the training images in consultation with the medical expert. Then, the sample
means and standard deviations of the geometric parameters R, Cp, Cr, Tr, E and,
C=(Cx, Cy) are computed which are used to set the rules for classification of labelled segments
into follicles and non-follicles. The R, C_p, Cr, Tr, E, ((Sc, C_y) denote the mean values, and,
the o, d¢, 0¢, 07y Op, (0cy 0Oc,) denote the standard deviation values, of the geometric

parameters R, Cp, Cr, Tr, E and C=(Cx,Cy).

Now, the classification rules for follicle recognition are formulated as following: A region with
area A, ratio R, compactness Cp, circularity Cr, Tortousity Tr, extent E, and centriod
C=(Cx, Cy), is classified as a follicle, if the following conditions are satisfied:

A>T, 1)
E—a0R<R<E+ao-R (2)
Cp—oaog, <Cp<Cp+aog, 3)

a—aaa <Cr<a+oc0'Cr 4)
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YTr—OLO'Tr <Tr<ﬁ+aaﬂ 5)
E—aaE<E<E+aaE (6)
C_x—owa <Cx<C_x+occ7Cx (7)
C_y—ocacy <Cy<C_y+oc0'Cy (8)

The constants T, and « are empirically determined. In our experiments, we have determined
that the empirical values are T, =30, a=3. The equations (1) to (8) constitute the 3o0-classifier,
which is to be used in the testing phase.

Testing phase : During the testing phase, the area A, the ratio R, the compactness Cp, the
circularity Cr, the tortousity Tr, the extent E and the centriod, C=(Cx, Cy) are computed
for a region of the segmented image and apply the above classification rules to determine
whether it is a follicle or not. The comparison of the experimental results for the two sam-
ple images with the manual segmentation done by medical expert is presented in the Fig-
ure 4. There is good agreement between the segmented image and the manual
segmentation done by the medical expert, which demonstrates the efficiency of the edge
based method. The manual segmentation is done by the team of three medical experts
(Radiologists (2) and Gynaecologist (1)).

a) Original image b) Segmented image c) Classified d) Manual
image segmentation

Figure 4. Some typical results: a) Original images, b) Segmentation by edge based method, c) Classified image, d)
Manual segmentation by medical expert.
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b. Watershed segmentation method

The follicle detection in ultrasound images of ovaries using watershed segmentation method
uses the watershed transform for segmentation, geometric features for feature extraction and
3o-intervals around the mean for the purpose of classification [22]. We follow three steps in
the segmentation, first, the internal marker image is obtained, second, external marker image
is obtained, and third, modifying gradient of the original image, by mask. In next phase,
segmentation is carried out by applying marker controlled watershed transform to modified
gradient image, region filling and clearing the border. Finally, preserve the regions which are
most probably appear as follicles, while all other regions are removed. The feature extraction
is based on seven geometric parameters of the follicles and the classification of regions for
follicle detection is based on 3¢ intervals around the mean. The experimental results are in
good agreement with the manual follicle detection by medical experts.

c¢. Optimal thresholding method

In the automatic detection of follicle in ultrasound images of ovaries using optimal threshold-
ing method, sobel operator and morphological opening and closing is used for preprocessing,
optimal thresholding for segmentation and 3o-intervals around the mean for classification are
used [23]. Initially, the image is processed with finding the gradient by using sobel operators
in horizontal direction. For the gradient image morphological opening and closing is applied
by using appropriate structuring element. Then thresholding is applied to the filtered image
by optimal thresholding method [24]. In the process, many undesired spurious regions are
also obtained (e.g., regions inside the endometrium). These spurious regions must be removed
as much as possible and all regions touching the borders are removed, which yields the
segmented image. The feature extraction is based on seven geometric parameters of the follicles
and the classification of regions for follicle detection is based on 3o intervals around the mean.
The experimental results are in good agreement with the manual follicle detection by medical
experts.

2.1. HRGMF and thresholding

Ultrasound ovary images show planar sections through the follicles. These images are
characterized by specular reflections and edge information, which is weak and discontinuous.
Therefore, traditional edge detection techniques (e.g. Sobel, Prewitt) are susceptible to
spurious responses when applied to ultrasound imagery. The main reason, that the follicle
segmentation using solely edge information is rather unsuccessful, is a high level of added
speckle noise [25]. The follicles being fluid-filled sacs appear as dark oval regions because they
display similar fluid echotextures, which are more or less darker than their neighbourhood.
The follicles could therefore be treated as homogeneous dark regions.

The main idea behind the HRGMF based method is as follows: [26]: In the first phase, the
homogeneous region growing mean filter (HRGMF) is applied [27]. By using this filter, first
homogeneous region can be identified and then this region is grown until it satisfies the
similarity criteria. The value of filtering point is replaced by arithmetic mean of the grown
region. In next phase, segmentation is carried out, by binarising the filtered image with three
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different thresholds, T1, set as standard deviation of the input image, T2, set as mean of the
input image, T3, set as abs(T2-T1). The resultant images are combined after thresholding. The
components are labelled, the holes inside the regions are filled, the borders if any are cleared.
Finally, the regions which most probably appear as follicles are preserved, while all other
regions are removed. The feature extraction is based on seven geometric parameters of the
follicles and the classification of regions for follicle detection is based on 3¢ intervals around
the mean.

The experimentation has been done using two datasets D1 and D2. The D1 set consists of the
80 sample ultrasound ovarian images of size 256x256, out of which 40 images are used for
training and 40 for testing. The D2 set consists of 90 sample ultrasound images of ovaries of
size 512x512, out of which 45 images are used for training and 45 for testing. The ten-fold
experiments are performed for the classification and the average follicle detection rate is
computed.The Table 1 shows the classification results of the proposed method after ten-fold
experiments for both the data sets D1 and D2. The average detection rates for the proposed
method with D1 and D2 sets are 79.77% and 68.86%, false acceptance rates (FAR) are 25.99%
and 28.41%, and false rejection rates (FRR) are 20.52% and 31.12%, respectively.

Classification results for ten-fold experiments

Data set D1 set D2 set
Classification rate 79.77% 68.86%
Type | error (FAR) 25.99% 28.41%
Type Il error(FRR) 20.52% 31.12%

Table 1. Classification results of proposed method after ten-fold experiments.

The proposed HRGMF based method for follicle detection is more effective as compared to
the edge based method, watershed based segmentation method and optimal thresholding
methods. The experimental results are in good agreement with the manual follicle detection
by medical experts, and thus demonstrate efficacy of the method. Thus, the proposed HRGMF
based method for follicle segmentation is effective in computer assisted fertility diagnosis by
the experts.

2.2. Contourlet transform and scanline thresholding

The follicle detection rate in the homogeneous region growing mean filter (HRGMF) based
method is considerably improved. However, due to speckle noise, finding the object bounda-
ries is difficult and thus leads to poor segmentation. To improve the segmentation accuracy,
the contourlet transform is used for despeckling the ultrasound image followed by histogram
equalization, and, thereafter, the horizontal and vertical scanline thresholding (HVST) method
is employed for follicle detection using geometric parameters.

Contourlet transform : The first step of the algorithm is denoising the image, since ultrasound
images are invariably noisy due to the mode of the image acquisition itself. (e.g. head of the
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ultrasound device is not moist enough). Especially, a disturbing type of noise is the speckle
noise. Therefore the more efficient speckle reduction method based on the contourlet transform
is used for denoising medical ultrasound images [28]. The contourlets can be loosely inter-
preted as a grouping of nearby wavelet coefficients since their locaters are locally correlated
due to smoothness of the boundary curve [29, 30]. The contourlet transform is a multiscale and
multidirectional framework of discrete image [31]. It is the simple directional extension for
wavelet that fixes its subband mixing problem and improves its directionality. In this trans-
form, the multiscale and multidirectional analyses are separated in a serial way. The laplacian
pyramid (LP), is first used to capture the point discontinuities followed by a directional filter
bank (DFB) to link point discontinuities into linear structure. Thus, we perform a wavelet like
transform for edge detection, and then a local directional transform for contour segment
detection. In other words, the contourlet transform comprises a double filter bank approach
for obtaining sparse expansions for typical images with contours.

The contourlet transform exploits smoothness of contour effectively by considering variety of
directions following contour. The contourlet transform can be designed to be a tight frame
along with thresholding in order to achieve denoising of the image more effectively. The
algorithm for contourlet transform method is as follows [32,33] : Firstly, apply the log trans-
form to the input ultrasound image. Then, apply the contourlet transform on the log trans-
formed image upto n levels of Laplacian pyramidal decomposition and m directional
decompositions at each level, where n and m depend on the image size. Next, perform
thresholding of contourlet transformed image. Lastly, the despeckled image is obtained by
performing inverse contourlet transform on the thresholded image. Then, histogram equali-
zation is applied to enhance the contrast of the despeckled image.

i. Horizontal and Vertical Scanline (HVST) based method

Firstly, all the pixels which are darker than their neighborhood row wise (horizontal scan) and
then column wise (vertical scan) is collected. Then, the two resultant images are added to yield
a segmented image. The regions with area less than a threshold value are removed. The holes
inside the region are filled. The nonzero pixels touching the image border are set to zero [34,35].

Horizontal Scanline Thesholding (HST) : The follicle region will have more or less same grey level
value for all the pixels within it. The horizontal scanline thresholding method is described as
follows; Consider the input image f of the size MxN. The sample mean m; and standard

deviation o; of the ith row subimage of fare given by the equations 9 and 10 :

1,
m; = N];f(w) )

19 )
o, = || = 2 (fli,j)—m) (10)
N]:1
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Now, set T4 = m; and T5 = o,. Then multiply T4 and T5 by positive scale factors K1 and K2

(empirically fixed). Binarize ith row subimage using the thresholds K1T4 and K2T5 separately.
This procedure is carried out for the rows i=1,...,M and obtain the horizontal mean (standard
deviation) thresholded image fhm (thsd).

Vertical Scanline Thresholding (VST): The VST method is described as follows; Consider the input

image f of the size MxN . The sample mean n; and standard deviation g; of the jth column

subimage are given by the equations 11 and 12:

14
m; =22 fi]) (11)
i=1
14 . 5
% =\ 2D =) (12)

Now, set T6 = m; and T7 = ¢;. Then multiply T6 and T7 by positive scale factors K3 and K4

( empirically fixed), respectively. Binarize jth column subimage using thresholds K3T6 and
K4T7 separately. This procedure is carried out for the columnsj=1,...,N and obtain the vertical
mean (standard deviation) thresholded image fvm ( fvsd ).

Image Fusion: The resultant images fhm and fvm are combined, to yield the image fhvm. Any
region touching the borders are removed. The resultant images fhsd and fvsd are combined,
to yield the image thvsd. Any region touching the borders are removed. Finally, the resultant
images fhvm and fhvsd are combined, to yield the segmented image fseg, which contains
segmented regions in it. The regions in fseg having smaller area than the threshold T8 are
removed. The regions are labeled (identified) and possible holes inside them are filled.

The geometric features are extracted and then 3o-intervals around the mean are used for
classification. The Table 2 shows the classification results of the HVST based method after ten-
fold experiments for both the data sets D1 and D2. The average detection rates for the proposed
Method I with D1 and D2 sets are 90.10% and 92.76%, false acceptance rates (FAR) are 11.71%
and 9.89%, and false rejection rates (FRR) are 21.55% and 7.23%, respectively.

Classification results for ten-fold experiments

Data set D1 set D2 set
Classification rate 90.10% 92.76%
Type | error (FAR) 11.71% 21.55%
Type Il error(FRR) 9.89% 7.23%

Table 2. Classification results of proposed method after ten-fold experiments.
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ii. Edge based method: The edge based segmentation method, which is described in the
section 2 (a), is applied to the histogram equalized image obtained after despeckling
the input image using contourlet transform [36]. The follicle detection rate is im-
proved in the edge based segmentation after applying contourlet transform and
histogram equalization, as compared to the method in the section 2(a) which employs
Gaussian low pass filter and edge based segmentation.

The HVST based method for the follicle detection is more effective as compared to edge based
segmentation after applying contourlet transform and histogram equalization.

3. Active contour method for follicle detection

The active contour method is used for segmentation of ultrasound image to increase the follicle
detection accuracy. Either 30 intervals based classifier or fuzzy classifier may be employed for
follicle detection.

i. Active contour method with 3¢ intervals based classification

The follicle detection in ultrasound images of ovaries using active contour method uses the
contourlet transform based method for preprocessing, active contour method for segmentation
and 3o-intervals around the mean for classification [37]. Initially, the input image is despekled
by using the contourlet transform method. Next, histogram equalization is applied to enhance
the contrast of the despeckled image. Further, the negative transformation is applied on the
histogram equalized image [38], as the proposed segmentation method works on high intensity
valued objects. In the segmentation stage, the active contour without edges method is used
[39]. The resulting image after applying active contour method contains segmented regions
with it. The geometric features are extracted and then 3o-intervals around the mean is used
for classification.

The Figure 5 (a) depicts sample original ultrasound image of the ovary. The resultant images
obtained at different steps of the proposed method are shown in the Figure 5 (b)-(e). Many
undesired spurious regions are also obtained (e.g., regions inside the endometrium). These
spurious regions must be removed as much as possible. Therefore, the regions having an area
less than T (empirical value) are removed (Figure 5(f)). The Figure 5(g) depicts the segmented
follicles (outlined in white) superimposed on the original image. The Figure 5(h) depicts the
recognized follicles after applying the classification rules and the Figure 5(i) shows the follicles
annotated manually by the medical expert.

The Figure 6 depicts comparison of the active contour method with the HVST based segmen-
tation method. In the Figure 6, (a) and (e) are two original images, while (b) and (f) are their
corresponding segmented images by HVST method. Similarly, (c) and (g) are segmented
images of active contour method. It is observed that the follicles, which were not detected by
HVST based segmentation method (Figure 6 (b) and (f)), are correctly identified by the active
contour method (Figure 6 (c) and (g)). The Figure 6 (d) and (h) show the manual segmentation
rendered by the medical expert. Hence, the classification accuracy is improved in the active
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Figure 5. Original ultrasound image of the ovary and resultant images at different steps of proposed method. a) Origi-
nal image, b) Contourlet transformed image (despeckling), c) Histogram equalized image, d) Image after applying
negative transformation, e) Image after applying active contour without edges method, f) Segmented image after
clearing the border, filling the holes and removing the small regions, g) Image showing recognized follicles(outlined in
white) super imposed on the original image, h) Output image after classification, i) Manual segmentation of follicles
by medical expert.

contour method as compared to HVST based segmentation method. The Table 3 presents the
comparison of the experimental results of active contour method and HVST based method
obtained for the original images in Figure 6. It is observed that the HVST based method leads
to higher false acceptance rate (FAR) and false rejection rate (FRR). Further, the active contour
method is found to yield more accurate results.

The Table 4 shows the comparison of classification results of the active contour method and
the HVST based method after performing ten-fold experiments for both the data sets D1 and
D2. The average detection rates for the active contour method using D1 and D2 sets are 92.3%
and 96.66%, false acceptance rates (FAR) are 13.90% and 15.04%, and false rejection rates (FRR)
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Original images Resultant images Resultant images Manual
by HVST method by active contour segmentation
method

(f) (8)

Figure 6. Comparison of resultant images of the active contour method with the HVST based method for two differ-
ent original images. (a) and (e) original image, (b) and (f) resultant images of HVST method, (c) and (g) resultant im-
ages of the active contour method, (d) and (h) manual segmentation by medical expert.

Number of follicles detected

Original . Manual (by medical
Active contour method HVST based method
Image expert)
Total Correct False Total Correct False
Figure 6 (a) 6 6 - 6 5 1 7
Figure 6 (e) 6 4 2 2 2 - 4

Table 3. Comparison of experimental results of active contour method and HVST based method for original images in
Figure 6.

are 7.62% and 3.33%, respectively. The average detection rates for the HVST based method
using D1 and D2 sets are 90.29% and 92.76%, false acceptance rates (FAR) are 14.10% and
21.55%, and false rejection rates (FRR) are 9.60% and 7.23%, respectively. Clearly, the method

based on active contours outperforms the HVST based method.
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Classification results

Data set D1 set D2 set
_ HVST
Active )
HVST Active contour based
Method contour
based method method method
method

Based Method

Classification rate 92.3% 90.29% 96.66% 92.76%
Type | error (FAR) 13.90% 14.10% 15.04% 21.55%
Type Il error (FRR) 7.62% 9.60% 3.33% 7.23%

Table 4. Comparison of average classification results of the active contour method with the HVST based method after
performing ten-fold experiments.

ii. Active contour method with fuzzy classification

To improve the performance of follicle detection in ultrasound images of ovaries, a new
algorithm using fuzzy logic is developed. The method employs contourlet transform for
despeckling, histogram equalization and negative transformation in the preprocessing step,
the active contours without edges method for segmentation and fuzzy logic for classification.
The seven geometric features are used as inputs to the fuzzy logic block of the Fuzzy Inference
System (FIS). The output of the fuzzy logic block is a follicle class or non follicle class. The
fuzzy-knowledge-base consists of a set of physically interpretable if-then rules providing
physical insight into the process. The experimentation has been done using sample ultrasound
images of ovaries and the results are compared with the inferences drawn by 3o interval based
classifier and also those drawn by the medical expert. The experimental results demonstrate
the efficacy of the fuzzy logic based method [40].

Fuzzy set theory has been successfully applied to many fields, such as pattern recognition,
control systems, and medical applications [41,42]. It has also been effectively used to develop
various techniques in image processing tasks including ultrasound images [43]. The existence
of inherent “fuzziness” in the nature of these images in terms of uncertainties associated with
definition of edges, boundaries, and contrast makes fuzzy set theory an interesting tool for
handling the ultrasound imaging applications [44]. Fuzzy logic was initiated in 1965 by L. A.
Zadeh [45-48].

Training phase: The fuzzy inference system (FIS) of sugeno type is employed using the fuzzy
input variables the ratio R of majoraxislength to minoraxislength, the compactness Cp, the
circularity Cr, the tortuousity Tr, the extent E and the centriod C=(Cx, Cy) and output variables:
follicle and non follicle classes. The Gaussian membership function is used for each of the fuzzy
input variables with mean and standard deviation of the corresponding variables. Let mfr,
mfcp, mfcr, mftr, mfe, mfcx and mfcy be the Gaussian membership functions of the fuzzy input
variables R, Cp, Cr, Tr, E and C=(Cx,Cy), respectively, belonging to the follicle class. Let mfr1,
mfcpl, mfcrl, mftrl, mfel, mfcx1 and mfcyl be the Gaussian membership functions of these
input variables belonging to the non-follicle class.
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During the training phase, the geometrical features, namely, R, Cp, Cr, Tr, E and C=(Cx,Cy),
are computed for regions known to be follicles in the training images in consultation with the
medical expert. Then, the mean and standard deviation of each of the geometric parameters
R, Cp, Cr,Tr, E and C=(Cx,Cy), are computed which are used to set the rules for classification
of follicles. The mean and standard deviation of these parametric values are stored as knowl-
edge base which is shown in the Table 5. These values are used as the pattern (parameters) in
FIS membership function design.

Mean value Standard deviation
Ratio(R) 1.82 0.58
Compactness (C,) 37.35 10.16
Circularity (C) 0.37 0.09
Tortousity (T,) 0.27 0.03
Extent (E) 0.51 0.09
Centriod C=(Cx,Cy) (251, 55) (201,70)

Table 5. The knowledge base of mean and standard deviation of parametric values of geometric features or the
follicle regions

The construction of the membership functions for the output variables is done in the similar
manner. Since this is Sugeno-type inference (precisely, zero-order Sugeno), constant type of
output variable fits the best to the given set of outputs (1 for follicle and 0 to non-follicle classes).
Based on the descriptions of the inputs (the ratio R of majoraxislength to minoraxislength, the
compactness Cp, the circularity Cr, the tortousity Tr, the extent E and the centriod C=(Cx,Cy))
and output variables (follicle and non follicle). The fuzzy rules for classification procedure in
verbose format are as follows:

i IF (R is input to mfr) AND (Cp is input to mfcp) AND (Cr is input to mfcr) AND (Tr
is input to mftr) AND (E is input to mfe) AND (Cx is input to mfcx) AND (Cy is input
to mfcy) THEN (class is follicle)

ii. IF (R is input to mfrl) AND (Cp is input to mfcpl) AND (Cr is input to mfcrl) AND
(Tr is input to mftrl) AND (E is input to mfel) AND (Cx is input to mfcx1) AND (Cy
is input to mfcy1l) THEN (class is non-follicle).

At this point, the fuzzy inference system has been completely defined, in that the variables,
membership functions and the rules necessary to determine the output classes are in place.

Testing phase: During the testing phase, the geometric features R, Cp, Cr, Tr, E and C=(Cx, Cy)
are computed for each segmented region of the input image and then the above fuzzy
classification rules are applied to determine whether the region is a follicle or not a follicle.

Experimental results: The ten-fold experiments are performed for the classification and the
average follicle detection rate is computed. The Figure 7 (a) depicts an original ultrasound
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image of the ovary and the resultant images at different steps of fuzzy based method are shown
in Figure 7(b)-(e). Many undesired spurious regions are also obtained (e.g., regions inside the
endometrium). These spurious regions must be removed as much as possible. Therefore, the
regions having an area less than T are removed (Figure 7(f)). The Figure 7 (g) depicts the
segmented follicles (outlined in white) superimposed on the original image. The Figure 7 (h)
depicts the recognized follicles after applying classification rules and Figure 7 (i) shows the
follicles annotated manually by the medical expert.

The Figure 8 depicts comparison of the fuzzy logic based classification with the 3o intervals
based classification [section 3(i)]. In the Figure 8 (a) and (d) are two original images, (b) and
(e) are their corresponding resultant images by the 30 intervals based method. and, (c) and (f)
are resultant images of fuzzy based method. It is observed that the regions which are misclas-
sified as follicles, by the method in [section 3(i)] (Figure 8 (b) and (e)), are correctly classified
by the fuzzy logic based method (Figure 8 (c) and (f)). Hence, the classification accuracy of the
fuzzy logic based method is improved as compared to the method in [section 3(i)]. The Table
6 presents number of follicles detected in the results of the fuzzy based method and the method
in [section 3(i)] corresponding to the original images in the Figure 8.

Number of follicles detected

3o intervals based method [section Manual (by medical

Method fuzzy based method .
3(i)] expert)
Input original
) Total Correct False Total Correct False
image
Figure 8(a) 3 3 - 5 3 2 3
Figure 8(d) 1 1 - 3 1 2 1

Table 6. Comparison of experimental results of proposed fuzzy logic based classification and 3o interval based
classification based method for original images in the Figure 8.

The Table 7 shows the comparison of classification results of fuzzy based method and the
method in [section 3(i)] after ten-fold experiments for both the data sets. The average detection
rates for the fuzzy based method with D1 and D2 sets are 98.18% and 97.61%, false acceptance
rates (FAR) are 4.52% and 9.05%, and false rejection rates (FRR) are 1.76% and 2.37%, respec-
tively. The average detection rates for the method in the Section 3(i) with D1 and D2 sets are
92.3% and 96.66%, false acceptance rates (FAR) 13.6% and 15.04%, and false rejection rates
(FRR) are 7.62% and 3.33%, respectively. It is observed that the false acceptance rate (FAR) is
reduced and the classification accuracy is improved in case of the fuzzy logic based method
as compared to that in the 30 intervals based method [section 3(i)] for classification.
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Figure 7. Original ultrasound image of the ovary and resultant images at different steps of fuzzy based method. a)
Original image, b) Contourlet transformed image (despeckling), c) Histogram equalized image, d) Image after apply-
ing negative transformation, e) Image after applying active contour without edges method, f) Segmented image after
clearing the border, filling the holes and removing the small regions, g) Image showing recognized follicles(outlined in
white) super imposed on the original image, h) Output image after fuzzy classification, i) Manual segmentation of fol-
licles by medical expert.

4. Ovarian classification

The ovaries are classified into three types based on the number and size of the follicles. Ovary
is scanned, follicles are identified by using the method described the section 3, and the size of

the follicles are measured and the number of follicles are counted.

There are three categories :

* The ovary containing 1-2 follicles with size measuring greater than 28mm in size, is a cystic

ovary.
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Figure 8. Comparison of resultant images of the fuzzy based method with the 3o intervals based classification for two
different original images. (a) and (d) original images, (b) and (e) resultant images of 3o intervals based, (c) and (f) re-
sultant images of fuzzy based method.

* The ovary containing 12 or more follicles with size measuring less than 10mm, is a polycystic
ovary.

* The ovary containing 1-10 follicles with size measuring 2-10mm, are antral follicles and with
the 10-28mm size, are dominant follicles, is a normal ovary with m number of antral follicles
and n number of dominant follicles.

The two ovarian classification methods are discussed below [Hiremath and Tegnoor, 2012]:
i Fuzzy ovarian classification

Training phase: The fuzzy inference system (FIS) of sugeno type is employed using the fuzzy
input variables the number of follicles NN and the size of the follicle S and output variables:
normal, cystic and polycystic ovarian classes. The Trapezoidal membership function is used
for each of the fuzzy input variables with minimum and maximum value of the corresponding
variables. Let mfnl and mfsl, mfn2 and mfs2, and mfn3 and mfs3, be the trapezoidal mem-
bership functions of the fuzzy input variables NN and S respectively, belonging to the normal
ovarian class, cystic ovarian class, polycystic ovarian class.

During the training phase, the parameters, namely, NN and S, are computed for the ovarian
images known to be healthy, cystic and polycystic ovary in the training images in consultation
with the medical expert, which are used to set the rules for classification of ovarian images.

We denote,
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nl - number of follicles of normal ovary

szl - size of the follicles in the normal ovary
n2 - number of follicles of cystic ovary

sz2- size of the follicles in the cystic ovary

n3 - number of follicles of polycystic ovary

sz3 - size of the follicles in the polycystic ovary

The number of follicles and size of follicles of these three classes are stored as knowledge base
which is shown in the Table 8.

Classification results

Data set D1 set D2 set

3o interval based
) 3o interval based method ) method
Methods Fuzzy logic method Fuzzy logic method
[section 3(i)] [section 3(i)]

Based Method

Classification rate 98.18 % 923 % 97.61% 96.66%
Type | error
452 % 13.6 % 9.05% 15.04%
(FAR)
Type Il error
1.76 % 7.62 % 237 % 333 %
(FRR)

Table 7. Comparison of classification results of fuzzy based classification method with 3o intervals based method after
ten-fold experiments.

The construction of the membership functions for the output variables is done in the similar
manner. Since this is Sugeno-type inference (precisely, zero-order Sugeno), constant type of
output variable fits the best to the given set of outputs (0 for normal ovary and 0.5 for cystic
ovary and 1 for polycystic ovary). Based on the descriptions of the inputs (the number of the
follicles NN and size of the follicles S) and output variables (normal ovary, cystic ovary,
polycystic ovary). The fuzzy rules for classification procedure in verbose format are as follows:

i IF (n1 is input to mfn1) AND (sz1 is input to mfs1) THEN (class is normal ovary)
ii. IF (n2 is input to mfn2) AND (sz2 is input to mfs2) THEN (class is cystic ovary)
iii. IF (n2 is input to mfn3) AND (sz3 is input to mfs3) THEN (class is polycystic ovary)

At this point, the fuzzy inference system has been completely defined, in that the variables,
membership functions and the rules necessary to determine the output classes are in place.
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Image . . .
Number of follicles Size of the follicle
type
Normal ovary 1-10 15-10000
Cystic ovary 1-2 4300-75000
Polycystic ovary 12-20 15-9000

Table 8. The knowledge base of number of follicles and size of follicles of all the three classes

Testing phase: During the testing phase, we compute the number of follicles NN, and the size
of each follicle S, for an ovary with the detected follicles and apply the above classification

rules to determine whether an ovary is normal, cystic, and polycystic.

Experimental results: The experimentation is done using image data set D3. The D3 set consists
of 70 sample ultrasound ovarian images of size 512x512, out of which 35 images are used for
training and 35 for testing. In the first step, the ten-fold experiments for the follicle detection
are done and then the average follicle detection rate is computed. Further, in the second step,
for the ovary classification, 70 sample images of the detected follicles are used, of which 35 are
used for training and 35 are used for testing. The ten-fold experiments for the ovarian classi-
fication are done and the average classification rate for the ovarian type is computed. The
Figure 9 shows the sample results for the ovarian classification method. detection method after
performing ten-fold experiments for the image data set. The Table 9 shows the average
classification results of follicle detection method after performing ten-fold experiments for the
image data set. The follicle detection method (Section 3(ii)) yields the average detection rate
for the fuzzy based method 98.47%, false acceptance rate (FAR) 2.61% and false rejection rate
(FRR) 1.47%.

Classification rate Type | error (FAR) Type Il error (FRR)

98.47% 2.61% 1.47%

Table 9. Average classification results after ten-fold experiments

The Table 10 shows the ten-fold experimental results of the ovarian classification based on
fuzzy inference rules. It is observed that the average normal ovary cyst ovary and polycystic
ovary is 100%, with zero false acceptance rate is (FAR) and false rejection rate (FRR). Although,
the proposed ovarian classification method yields 100% classification results, it is to be noted
that these results are with reference to the limited data set used for experimentation. However,
in case of different data sets, with varying image resolution, image sizes and numbers, the
classification accuracy may be less than 100%.
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Ovarian Number of Number of correctly Manual Typell Typelll

class images classified images detection error error
Normal ovary 15 15 15 - -
Cystic ovary 10 10 10 - -
Polycystic ovary 10 10 10 - -

Table 10. Experimental results for classification accuracy for all the three classes

Ovary

Original image Detected follicle Manual detection e
classification

Polycystic
ovary

Cystic ovary

Normal ovary
with
2 antral follicles
and 1 dominant
follicle.

Figure 9. Sample results for proposed ovarian classification method

ii. Ovarian classification by using SVM

The aim of support vector machine (SVM) is to devise a computationally efficient way of
learning separating hyper planes in a high dimensional feature space [49]. The SVMs have
been shown to be an efficient method for many real-world problems because of its high
generalization performance without the need to add a priori knowledge. Thus, SVMs have

much attention as a successful tool for classification [50,51], image recognition [52,53] and
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bioinformatics [54]. The SVM model can map the input vectors into a high-dimensional feature
space through some non-linear mapping, chosen a priori. In this space, an optimal separating
hyperplane is constructed. SVM is the implementation of the structural risk minimization
principle whose object is to minimize the upper bound on the generalization error. Given a set
of training vectors (I in total) belonging to separate classes, (x1, y1), (x2, y2), (x3, y3),..., (xL, yl),
where x; € R"denotes the i input vector and y; €{+1, -1} is the corresponding desired

output. The maximal margin classifier aims to find a hyperplane w: wx + b =0 to separate the
training data. In the possible hyperplanes, only one maximizes the margin and the nearest data
point of each class. The Figure 10 shows the optimal separating hyperplane with the largest
margin. The support vectors denote the points lying on the margin border. The solution to the
classification is given by the decision function in the equation 13.

N

iv o yk(s; x) + b} (13)

i=1

flx)= sign{

where a;is the positive Lagrange multiplier, s; is the support vector (Ngy in total) and k(s x) is
the function for convolution of the kernel of the decision function. The radial kernels perform

best in our experimental comparison, and, hence, are chosen in the proposed diagnosis system.
The radial kernels are defined as (equation 14).

k(x,y) =e><p(—v(x—y)2) (14)

By using the SVM method, firstly, follicles are detected and secondly, the ovarian classification
is performed [55]. During the training phase, the parameters, namely, the number of follicles
NN and the size of the follicle S, are determined for the ovarian images known to be normal,
cystic and polycystic ovary in the training images in consultation with the medical expert. The
quadratic kernel is used for training the three-class SVM classifier; normal, cystic and poly-
cystic ovary being the three classes.

During the testing phase, the parameters, namely, the number of follicles NN and the size of
follicles S, are determined, and then, the SVM classifier is used to determine whether an ovary
is normal, cystic, or polycystic.

Experimental results: The Table 11 shows the comparison of classification results of SVM based
method and the fuzzy based method in [section 4(i)] after ten-fold experiments. The average
follicle detection rate for the SVM method is 98.89%, false acceptance rate (FAR) is 1.61 % and
false rejection rate (FRR) is 1.10%. The average detection rate for the method in [section 4(i)]
is 98.47%, false acceptance rate (FAR) is 2.61% and false rejection rate (FRR) is 1.47%. It is
observed that the classification accuracy is improved in the SVM based method as compared
to the fuzzy based method [section 4(i)].
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Figure 10. Optimal hyperplane for support vector machine

Classification accuracy (%) of follicle detection

Method SVM based method Fuzzy based method [4(i)]
Classification rate 98.89 % 98.47%
Type |l error
yp 1.61% 2.61%
(FAR)
Type Il error
yp 1.10 % 1.47%
(FRR)

Table 11. Comparison of classification results of SVM based method and fuzzy based method [section 4(i)] for follicle
detection after ten-fold experiments

The Table 12 shows the ten-fold experimental results of the ovarian classification based on
SVM. It is observed that the average classification rates for normal ovary, cystic ovary and
polycystic ovary are 100%, with zero false acceptance rate (FAR) and zero false rejection rate
(FRR). It is observed that both the proposed SVM based method and the fuzzy based method
[section 4(i)] yield 100% accuracy in ovarian classification, although the SVM outperforms the
fuzzy method [section 4(i)] in follicle detection.

The Table 13 shows the comparison of all the follicle detection and ovarian classification
methods developed in the present study and the other follicle detection methods available in
the literature.
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Manual Typel Typelll
Ovary Number of Number of correctly .
. L detection error error
type images classified images
by expert (FAR) (FRR)
Fuzz Fuzz Fuzz
_ Y SVM . Y SVM _ Y
[4(i)] [4(i)] [4(i)]
Normal
15 15 15 15 0 0 0 0
ovary
Cystic
10 10 10 10 0 0 0 0
ovary
Polycystic
10 10 10 10 0 0 0 0
ovary

*Type | Error: Regions are not follicles, but they are recognized as follicles.

**Type Il Error: Regions are follicles, but they are not recognized as follicles.

Table 12. Experimental results for classification accuracy of the SVM based method for the three classes of ovaries in
comparison with the fuzzy based method [section 4(i)]

Classification

Method Data set used
accuracy

D1 62.3%
Edge based method with Gaussian lowpass filter

D2 45.2%

D1 49.55%
Watershed segmentation method

D2 50.68%

D1 50.77%
Optimal thresholding method with Sobel operator

D2 61.82%

D1 79.47%
HRGMF based thresholding method

D2 68.86%

D1 75.2%
Edge based method with contourlet transform method

D2 59.95%

D1 90.10%
HVST based method

D2 92.76%

D1 92.37%
Active contour with 3o interval based method

D2 96.66%

Active contour with fuzzy classification D1 98.18%
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Classification

Method Data set used
accuracy
D2 97.61%
Active contour with fuzzy classification
D3 98.47%
of ovary
Active contour with SVM classification
D3 98.47%
of ovary
Modified region growing and LD classifier [ Maryruth et al.,
(70) 83.25%
2007]
Region growing method
E 9 d (50) 78%
[Potocnik and Zazula, 2000]
Cellular neural network
. (50) 60%
[Cigale and Zazula, 2000]
Edge based method
) (50) 61%
[Potocnick et al., 2002]
Prediction based method
(50) 78%

[Potocnick and Zazula, 2002]

Note: D1, D2 and D3 are image data sets.

Table 13. Comparison of the proposed method with all the other methods proposed in the present study and also
with the other methods in the literature.

5. Conclusion

The main significant research contributions that fulfill the objectives set in the present chapter
are :

i Automatic detection of follicles using better segmentation and classification methods.

ii. Automatic ovarian classification into three categories, namely: normal ovary, cystic
ovary and polycystic ovary.

The performance comparison of the various methods proposed in the present study and other
methods in the literature is summarized in the Table 13. It is observed that :

i the proposed method using contourlet transform based despeckling, active contour
without edges based segmentation, geometric feature extraction and fuzzy logic or
SVM based classifier, has yielded better follicle detection results; and,

ii. the proposed method for ovarian classification using fuzzy or SVM has yielded better
classification results.
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These research contributions are expected to be useful for the design and development of the
software tool to support the medical experts, namely, Gynecologists and Radiologists, in their
effort for ovarian image analysis and to implement the same in automated diagnostic systems.
Further, these research contributions serve as the basis for design of automatic systems for the
detection of the follicles inside the ovary under the examination during the entire female cycle
and to study the ovarian morphology and, thus, help the medical experts for monitoring
follicles and identifying the ovarian type during the course of infertility treatment of patients.
The burden of the experts is significantly reduced in their everyday routine, without sacrificing
the accuracy of diagnosis and prognosis.

The future research in this direction would be to take up the analysis of ovarian images
captured at regular intervals for various subjects undergoing drug susceptibility tests. Further,
the image processing methods could be developed in the detection of ovarian cancer stages.
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Normal and Abnormal Fetal Face

Israel Goldstein and Zeev Wiener
Rambam Health Care Campus, Haifa
Israel

1. Introduction

During the early stages of embryogenesis, genetic factors play the predominant role in the
development of the fetal face. In later stages, environmental influences increase in
importance. Facial malformation may be the result of chromosomal aberrations as well as
teratogenic factors. Therefore, facial dysmorphism can provide important clues that suggest
chromosomal or genetic abnormalities. The post-natal diagnosis of facial dysmorphism is a
well-known pediatric diagnosis, primarily based on pattern diagnosis related to the
appearance of one or a combination of facial features, such as low-set ears, hypo-
hypertelorism, small orbits, micrognathia, retrognatia, and more. Some of these features are
detectable prenatally (Benacerraf, 1998). More than 250 syndromes are associated with
disproportional growth of abnormal features of the fetal face (Smith & Jones, 1988).

Indication N %
Other fetal anomalies detected by US 118 52.8
Familial history of craniofacial malformations 72 322
Maternal drug intake 25 11.2
Fetal chromosomal aberrations 8 3.6
Total 223

Table 1. Indications for ultrasound examination of the fetal face (Pilu et al., 1986)

Sonographic assessment of the fetal face is part of the routine anatomic survey. Recently,
three-dimensional ultrasound (3D) images of the fetus can be also obtained. However, two-
dimensional ultrasonographic images are more easily, rapidly, efficiently, and accurately
obtained. Imaging of the fetal face is possible in most ultrasound examinations beyond 12
weeks of gestation.

This chapter describes normal structural development and the sonographic approach to
evaluation of the fetal face. Clinical applications are discussed in relation to perinatal
management.

2. Fetal face profile

Sonographic imaging of the fetal face can provide information for the antenatal diagnosis of
fetuses with various congenital syndromes and chromosomal aberrations, many of which
are known to be associated with facial malformations. Deviation from the normal
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proportions of the fetal face profile might be one of the 'soft sonographic signs' that can
provide important clues that suggests congenital syndromes (Benacerraf, 1998).

Visualization of the curvature of the forehead is important to rule out a flat forehead, such
as microcephaly, or bossing of the forehead, such as craniosynostosis (Goldstein et al., 1988).
Visualization of the bridge of the nose could rule out Apert or Carpenter syndromes (Smith
& Jones, 1988). Visualization of normal prominent lips can rule out cleft lip (Benacerraf,
1998). Finally, a normal jaw appearance is important to rule out microganthia or prognathia
(Sivan et al., 1997).

Evaluation of the fetal face structures is suggested on the coronal and mid-sagittal views.
The fetal face profile appearance should be obtained, while an imaginary line is passed
through the nasion (bridge of the nose) and the gnathion (lower protrusion of the chin). This
imaginary line is vertical to the maxillary bone. In this view, the following structures can be
identified: the bridge and tip of the nose, the philtrum (area between the nose and the upper
lip), upper and lower lips, and chin (Goldstein et al., 2010).

P N

=

Fnrehead'<

Tip of nose\_ Nasion .
Nose

Philtrum
Lips

Chin

Fig. 1. A describes the distance from the tip of the nose to the mouth (line between the lips),
B from the mouth to the chin, a describes the distances from the upper philtrum and the
mouth, b from the mouth and the upper concavity of the chin.

The ratios between the following distances are independent of the gestational age and are
almost constant: the distances between the tip of the nose and the mouth, and the distance
from the mouth to the gnathion. In addition, a constant ratio was found between the upper
philtrum and the mouth and from the mouth to the upper concavity of the chin (Goldstein
etal., 2010).
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Fig. 2. Sonographic picture of the fetal face. Typical facial concavities and protrusions are
presented. The calipers measured between the upper philtrum to the mouth (upper picture),
and between the mouth to the chin (lower picture).
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Fig. 3. 3D pictures of the fetal face. Mimics of face: a. kiss, b: open mouth and tongue, c:
whistling, d: whistling, e: bye-bye

3. The forehead

Visualization of the curvature of the forehead is important to rule out a flat forehead (Figure
4). Investigators agree that microcephaly is associated with a decreased size of the frontal
fossa and flattening of the frontal bone. Therefore, determination of the normal dimensions
of the anterior cranial fossa and the frontal lobe of the fetal brain can provide normative

Fig. 4. Schematic picture of the anterior lobe on sagittal and axial planes
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Fig. 5. A flat forehead in neonates with microcephaly

GA [weeks] FLD [cm] meant2SD TFLD [cm] meant2SD
15 1.4 0.4 3.2 0.4
16 1.4 0.4 3.2 0.4
17 1.6 0.2 3.6 0.6
18 1.6 0.2 3.7 0.6
19 1.7 0.2 3.8 0.4
20 1.7 0.2 41 0.4
21 1.8 0.4 4.1 0.4
22 1.8 0.4 4.6 0.4
23 1.8 0.4 4.6 0.4
24 1.9 0.2 47 0.4
25 2.2 0.4 5.1 0.6
26 2.3 0.4 5.2 0.6
27 2.5 0.6 5.6 0.8
28 2.8 0.2 5.7 0.4
29 2.7 0.2 6.1 0.4
30 2.8 0.6 6.2 1.2
31 2.9 0.4 6.2 0.8
32 3.0 0.6 6.4 0.8
33 3.1 0.6 6.5 0.6
34 3.2 0.2 6.7 0.6
35 3.2 0.4 6.9 0.6
36 3.2 0.4 7.0 0.4
37 34 0.4 7.2 0.6
38 3.5 0.4 7.3 0.8
39 3.7 0.6 7.5 0.8
40 4.0 0.6 7.7 0.8

Table 2. Measurements of the mean+2SD of the frontal lobe distance and thalamic frontal
lobe distance versus gestational age (Goldstein et al., 1988) (GA = gestational age, FLD =
frontal lobe distance, TFLD = thalamic frontal lobe distance)
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data against which fetuses suspected to have microcephaly or any other lesion affecting the
anterior fossa can be evaluated. A dysmorphic sign with a high frequency appears to be a
flat facial profile in neonates with trisomy 21 (Smith & Jones, 1988). Table 2 describes the
normal dimensions of the frontal lobe of the fetal brain (Goldstein et al., 1988).

4. The nasal bone

Smallness of the nose is a common finding at postnatal examination of fetuses or neonates
with trisomy 21, but also with more than 40 other genetic conditions. Measurements of the
nasal bone were performed on a mid-sagittal profile in normal singleton fetuses at 14-34
weeks’ gestation. It was found that the length of the nasal bones increased from 4 mm at 14
weeks to 12 mm at 35 weeks’ gestation (Guis et al., 1995). Investigators examined the

Gestation [weeks] Mean SD

14 4183 0.431
16 5.213 1.062
18 6.308 0.654
20 7.621 0.953
22 8.239 1.102
24 9.362 1.300
26 9.744 1.277
28 10.72 1.459
30 11.348 1.513
32 11.580 1.795
34 12.285 2.372

Table 3. Mean, standard deviation (SD), mean+2SD and mean-2SD for length of the nasal
bones (mm) throughout gestation (Guis et al., 1995)

Gestation [weeks] Mean [mm] SD [mm]
11-11.9 1.7 0.5
12-12.9 2.0 0.5
13-13.9 2.3 0.5
14-14.9 34 0.7
15-15.9 3.3 0.8
16-16.9 4.4 0.7
17-17.9 5.0 0.7
18-18.9 5.5 0.9
19-19.9 5.7 0.1
20-20.9 6.2 0.1

Table 4. Fetal nasal bone length (mm), 11-20 weeks' gestation (Cuick et al., 2004)

Gestation [weeks] Mean [mm] SD [mm]
11-11+6 1.69 0.26
12-12+6 211 0.37
13-13+6 2.34 0.39
14-14+6 2.94 0.48

Table 5. Nomogram of fetal nasal bone length at 11-13 gestational weeks in fetuses (Sivri et
al., 2006)
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possible improvement in screening for trisomy 21 by examining the fetal nasal bone with
ultrasound at 11-14 weeks of gestation (Cicero et al., 2001). The nasal bone was absent in 43
of 59 (73%) trisomy 21 fetuses, and in three of 603 (0.5%) chromosomally normal fetuses.

5. The nostrils

Smallness of fetal nose, often attributed to hypoplasia, is a common finding during postnatal
examination of fetuses or neonates with trisomy 21 (Smith & Jones, 1988)

Centiles

GA [weeks] 10 25 50 75 90

14-15 55 72 76 83 10.2
16-17 65 73 79 85 105
18-19 85 89 10.0 105 | 11.0
20-21 10.2 11.0 12.0 120 | 13.0
2 13.0 13.0 14.0 150 | 15.0
23 13.0 13.0 14.0 150 | 15.0
24 13.0 14.1 15.0 160 | 16.0
25 142 15.0 163 170 | 17.0
26 14.1 15.0 163 174 | 184
27 13.4 15.4 1722 184 | 19.0
28 15.1 16.9 176 182 | 202
29-30 165 174 181 192 | 206
31-32 16.6 17.9 196 207 | 214
33-34 174 19.1 205 214 | 231
35-37 176 20.0 205 20 | 233
38-40 174 17.9 189 205 | 234

Table 6. The fetal nose width (mm) (Goldstein et al., 1997)

Centiles
GA [weeks] 10 25 50 75 %
1415 33 36 12 17 | 54
1617 35 39 14 18 | 59
18-19 40 14 6 50 | 58
20-21 12 5.0 5.0 57 | 60
b7 5.0 5.0 6.0 64 | 70
23 5.0 56 6.0 70 | 70
24 58 6.0 6.2 73 | 79
25 59 6.0 64 70 | 77
2 51 6.2 77 80 | 9.0
27 64 68 78 84 | 94
28 64 7.0 7.9 86 | 94
29-30 54 7.0 7.0 82 | 96
31-32 16 74 7.9 92 | 107
33-34 54 64 81 90 | 97
3537 58 66 85 96 | 102
38-40 6.0 68 85 95 | 105

Table 7. The fetal nostril distance (mm) (Goldstein et al., 1997)
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6. The fetal eyes

The earliest sonographic visualization of the fetal orbit and lens has been considered to be in
the beginning of the second trimester of pregnancy. On ultrasound, the orbits appear as
echolucent circles in the face of the fetus, and the lens can be easily identified inside these
structures. Imaging of these structures, which is possible on virtually all ultrasound
examinations beyond the first trimester, is important because deviation in the relative size of
the orbit and the lens can be associated with congenital malformations. The fetal orbits and
lens eyes are best visualized by scanning the fetal face in coronal and axial planes. The fetal
orbits should appear as two symmetrical structures on both sides of the fetal nose. Both
lenses are depicted on the coronal or axial plane of the eye as circular hyperechogenic rings
and with hypoechogenic areas inside the ring.

The coronal planes of the fetal face are the most important in the evaluation of the fetal orbits.
Figure 6a shows the the outer orbital distance small hands, and Fig 6b the inner orbital distace
the small arrows. The calipers measuring the outer orbital from the lateral mid-echogenicity to
the lateral mid-echogenicity, and the calipers measuring the inner orbital distace from the
middle mid-echogenicity to the middle mid-echogenicity of the orbits.

Fig. 6a. Coronal plane of the fetal orbits - small hands showing the outer orbital diameter
measurement

Fig. 6b. Coronal plane of the fetal orbits - small arrows showing the inner orbital diameter
measurement
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GA N Mean 95% CI Centiles

[weeks] 10 25 50 75 90
14 10 5.2 4.8-5.7 45 5.0 5.3 5.7 90
15 26 6.1 5.9-6.3 5.4 55 6.2 6.5 6.7
16 25 6.6 6.3-6.9 5.8 6.2 6.5 7.0 7.6
17-18 19 73 6.7-7.8 6.2 6.5 6.7 9.0 9.0
19-20 23 9.8 9.3-10.2 8.6 9.0 10.0 10.1 11.3
21 19 105 10.0-10.9 94 9.9 10.0 11.0 12.0
22 26 104 10.0-10.7 9.5 9.6 105 11.0 11.3
23 21 10.7 10.4-11.1 9.6 10.0 105 114 115
24 19 11.6 11.3-11.8 10.7 11.0 115 12.0 12.5.
25 13 11.2 11.4-12.4 10.3 11.0 12.2 12.5 12.8
26 16 12.7 12.0-13.4 11.0 11.0 12.7 13.8 14.5
27 14 13.0 12.4-13.5 11.9 12.0 12.9 13.4 14.8
28 21 13.0 12.7-13.3 21.1 12.0 13.1 13.3 14.1
29 23 13.9 13.4-14.4 12.6 13.0 13.7 14.6 15.7
30-31 24 14.2 13.8-14.5 13.3 13.0 13.9 14.7 154
32-33 24 14.4 13.7-15.1 12.2 13.0 14.1 14.8 17.5
34-36 26 15.8 15.4-16.2 14.6 15.0 15.7 16.5 16.9

Table 8. The fetal orbital diameter (mm) (Goldstein et al., 1998) GA = gestational age; CI =

confidence interval

GA n Mean 95% CI Centiles

[weeks] 10 25 50 75 90
14 10 25 23.3-2.7 21 24 25 2.7 2.9
15 26 2.9 2.9-3.0 2.7 2.8 2.9 3.1 3.2
16 25 29 2.8-3.0 27 2.8 29 3.1 3.2
17-18 19 3.3 3.0-3.6 2.8 2.9 3.0 3.3 5.0
19-20 23 4.1 4.0-4.3 3.6 4.0 4.0 43 5.0
21 19 44 4.1-4.6 3.7 3.9 4.0 5.0 5.0
22 26 44 4.2-47 3.9 4.0 43 5.0 5.0
23 21 4.6 43-4.8 3.8 4.0 5.0 5.0 5.0
24 19 4.6 44-48 4.0 4.3 4.6 5.0 5.0
25 13 4.8 4.6-5.0 42 4.6 5.0 5.1 5.2
26 16 5.0 4.8-5.2 44 4.8 5.1 5.2 5.5
27 14 5.0 5.0-5.2 45 5.0 5.2 5.2 5.5
28 21 5.1 5.0-5.2 45 5.0 5.2 5.2 5.5
29 23 5.3 5.1-55 4.6 5.2 5.2 5.5 5.9
30-31 24 5.3 5.2-5.5 48 5.1 5.5 5.5 5.7
32-33 24 5.6 5.4-5.8 4.8 5.2 5.5 5.9 6.2
34-36 26 5.8 5.6-6.0 5.4 5.5 5.7 6.0 6.5

Table 9. Diameter of orbital lens (mm) (Goldstein et al., 1998) GA = gestational age; CI =

confidence interval)
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6.1 Hypotelorism

Hypotelorism is a condition pertaining to abnormally close eyes.

OOD [mm] IOD [mm]
GA [weeks] s 50t 95th 5th 5Qth 95th
12 8 15 23 4 o 13
13 10 18 25 5 ? 14
14 13 20 28 5 10 14
15 15 22 30 6 10 14
16 17 25 32 6 10 15
17 19 27 34 6 1 15
18 22 29 37 7 1 16
19 24 31 39 7 12 16
20 26 33 41 8 12 7
21 28 35 43 8 13 17
2 30 37 44 9 13 18
23 31 39 46 9 14 18
24 33 41 48 10 1 b
25 35 42 50 10 15 19
26 36 44 51 1 15 20
27 38 45 53 1 16 20
28 39 47 54 12 16 21
29 41 48 56 12 17 21
30 0 50 57 13 7 22
31 43 51 56 13 18 22
32 15 52 60 14 18 2
33 46 53 61 14 19 >
34 47 54 62 15 19 2
35 48 55 63 15 20 24
36 19 56 64 16 20 2
37 50 57 65 16 21 25
38 50 58 65 7 21 21
39 51 58 66 7 2 26
40 52 59 67 18 22 26

Table 10. The outer orbital diameter (OOD) and inner orbital diameter (IOD), GA =
gestational age (Jeanty et al., 1984)
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Fig. 7. Axial scan of a fetus at 25.3 weeks of gestation showing severe hypotelorism

BPD [cm] Weeks' gestation 10D [cm] OOD [cm]
1.9 11.6 0.5 1.3
2.0 11.6 0.5 1.4
2.1 12.1 0.6 1.5
2.2 12.6 0.6 1.6
2.3 12.6 0.6 1.7
2.4 13.1 0.7 1.7
2.5 13.6 0.7 1.8
2.6 13.6 0.7 1.9
2.7 14.1 0.8 2.0
2.8 14.6 0.8 2.1
2.9 14.6 0.8 2.1
3.0 15.0 0.9 2.2
3.1 15.5 0.9 2.3
32 15.5 0.9 2.4
3.3 16.0 1.0 2.5
3.4 16.5 1.0 2.5
3.5 16.5 1.0 2.6
3.6 17.0 1.0 2.7
3.7 17.5 1.1 2.7
3.8 17.9 1.1 2.8
4.0 18.4 1.2 3.0
4.2 18.9 1.2 3.1
43 19.4 1.2 32
4.4 19.4 1.3 3.2
4.5 19.9 1.3 3.3
4.6 20.4 1.3 3.4
4.7 20.4 1.3 34
4.8 20.9 1.4 3.5
49 21.3 1.4 3.6
5.0 21.3 14 3.6
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BPD [cm] Weeks' gestation 10D [cm] OOD [cm]
51 21.8 1.4 3.7
52 22.3 1.4 3.8
5.3 22.3 1.5 3.8
5.4 22.8 1.5 3.9
5.5 23.9 1.5 4.0
5.6 23.3 1.5 4.0
5.7 23.8 1.5 4.1
5.8 24.3 1.6 4.1
5.9 24.3 1.6 42
6.0 24.7 1.6 4.3
6.1 25.2 1.6 4.3
6.2 25.2 1.6 44
6.3 25.7 1.7 44
6.4 26.2 1.7 4.5
6.5 26.2 1.7 45
6.6 26.7 1.7 4.6
6.7 27.2 1.7 4.6
6.8 27.6 1.7 4.7
6.9 28.1 1.7 4.7
7.0 28.6 1.8 4.8
7.1 29.1 1.8 4.8
7.3 29.6 1.8 49
7.4 30.0 1.8 5.0
7.5 30.6 1.8 5.0
7.6 31.0 1.8 5.1
7.7 31.5 1.8 51
7.8 32.0 1.8 52
7.9 32.5 1.9 5.2
8.0 33.0 1.9 5.3
8.2 33.5 1.9 5.4
8.3 34.0 1.9 5.4
8.4 34.4 1.9 5.4
8.5 35.0 1.9 5.5
8.6 35.4 1.9 5.5
8.8 35.9 1.9 5.6
8.9 36.4 1.9 5.6
9.0 36.9 1.9 5.7
9.1 37.3 1.9 5.7
9.2 37.8 1.9 5.8
9.3 38.3 1.9 5.8
9.4 38.8 1.9 5.8
9.6 39.3 1.9 5.8
9.7 39.8 1.9 59

Table 11. Predicted BPD and weeks' gestation from the inner orbital diameter (IOD) and
outer orbital diameter (OOD) (Mayden et al., 1982)
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6.2 Hypertelorism

Hypertelorism is an abnormally increased distance between two organs or body parts,
usually referring to an increased distance between the eyes (orbital hypertelorism), seen in a
variety of syndromes (Table 12).

Malformation Syndromes

Anophthalmus Trisomy 13
Vilaret, Weyers-Tier, ocular vertebral syndrome

Microphthalmus Autosomal recessive or autosomal dominant
Intrauterine infection

Radjiation

Chromosomal aberration

X-linked

Associated with gingival fibromatosis
Depigmentation

Ocular hypotelorism | Chromosome 5 p-syndrome

Chromosome 15-p-proximal partial trisomy syndrome
Chromosome 13 trisomy

Craniosynostosis-medical aplasia syndrome
Holoprosencephaly

Meckel syndrome

Ocular hypetelorism | Aarshog syndrome
Acrocephalosyndactyly
Acrodystasis

Auditory canal atresia

Basal nevus syndrome
Branchio-skeleto-genital syndrome
Broad thumb-hallux syndrome
Campomelic dysplasia
Cerebro-hepato-renal syndrome
Chromosome 18 p- syndrome
Chromosome 5 p- syndrome
Chromosome 4 p- syndrome
Chromosome 14 p-proximal partial trisomy syndrome
Coffin-Lowry syndrome
Cranio-carpo tarsal dysplasia
Cranio-facial dysostosis
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Malformation

Syndromes

Cranio-metaphyseal dysplasia
Cranio-oculodental syndrome
Deafness myopia cataract and saddle nose
Ehlers-Danlos syndrome

Fetal hydantoin syndrome

Fetal warfarin syndrome

G syndrome
Hypertelorism-hypospadias syndrome
Hypertelorism microtia facial clefting and conductive deafness
Iris coloboma and canal atresia syndrome
Larsen syndrome

Multiple lentigines syndrome

Cleft lip

Marden-Walker syndrome

Meckel syndrome

Median cleft syndrome

Noonan syndrome

Nose and nasal septum defects

Bifid nose

Glioma of the nose

Posterior atresia of the nose

Ocular and facial anomalies with proteinuria and deafness
Oculo-dento osseous dysplasia
Opitz-Kaveggia FG syndrome
Oto-palatodigital syndrome

Bilateral renal agenesis

Roberts syndrome

Robinow syndrome

Sclerosteosis

Thymic agenesis

Apert syndrome

LEOPARD syndrome

Crouzon syndrome

Wolf-Hirschhorn syndrome
Waardenburg syndrome

Cri du chat syndrome

DiGeorge syndrome

Loeys-Dietz syndrome

Morquio syndrome

Hurler's syndrome

Deafness

Table 12. Syndromes associated with fetal ocular malformation (Bergsma, 1979)
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6.3 Cyclopia

Cyclopia is an anomaly characterized by a single orbital fossa, with fusion of bulbs, eyelids
and lacrimal apparatus to a variable degree. Usually there is a single eye or partially divided
eye in a single orbit and arhinia with proboscis. A normal nose is absent and a proboscis
structure originating from the nasal root may be seen (Bergsma, 1979). The differential
diagnosis in these cases includes ethmocephaly (extreme hypotelorism, arhinia and blinded
proboscis located between the eyes) and ceboephaly (hypotelorism and a single nostril nose,
without midline cleft). In ethmocephaly, the nasal bones, maxilla and nasal septum and
turbinate are missing and lacrimal and palatine bones are united (Goldstein et al., 2003;
McGahan et al., 1990).

Fig. 8. Axial and sagittal scans of a fetus at 25.3 weeks of gestation show prominent forehead
and proboscis

Fig. 9. Ethmocephaly - postmortem demonstrating hypotelorism and proboscis
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6.4 Cataracts

A cataract is an opacity of the lens and accounts for 10% of the blindness seen in preschool
age children in Western countries. Fetal cataracts may occur in association with infectious
diseases, chromosomal anomalies or systemic syndromes.

Fig. 10. Sonographic pictures of fetal cataracts at 15 weeks of gestation. Coronal views of
echogenic lens.

7. The ear

Abnormally small ears have been noted to be one of the findings in newborn and infants
with trisomy 21 and other aneuploidies. Ears in these infants are often described as small,
low-set, and malformed. Short ear length has been found to be the most consistent clinical
characteristic in making the diagnosis of Downs' syndrome (Aase et al, 1973).
Sonographically, a short fetal ear length may be a parameter in predicting fetal aneouploidy
(Chitkara et al., 2002). Sonographic studies have suggested that short ear length
measurements might be a useful predictor of fetal anomalies (Awwad et al., 1994; Lettieri et
al., 1993; Shimizu et al., 1997; Yeo et al., 1998).

Investigators had suggested that the fetal ear length may be a useful measurement in
prediction of aneuploidy in patients at high risk for fetal chromosomal abnormalities
(Awwad et al., 1994; Lettieri et al., 1993; Shimizu et al., 1997; Yeo et al., 1998). However, it
remains to be determined whether this measurement alone, or in combination with other
aneuploidy markers, will prove to be a useful predictor of aneuploidy in a population of
women at low risk for fetal chromosomal abnormalty.
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GA (Weeks) Mean [mm] SD [mm]
14 8 0.7
15 9 1.8
16 10 0.9
17 11 1.0
18 13 0.7
19 14 1.1
20 15 1.1
21 17 1.0
22 18 1.5
23 19 1.4
24 20 1.1
25 22 1.7
26 23 2.1
27 25 1.7
28 26 1.8
29 26 1.6
30 27 2.3
31 29 2.6
32 29 1.9
33 30 1.8
34 31 1.6
35 31 21
36 33 2.6
37 33 2.0
38 33 41
39 34 43
40 37 21
41 38 1.9

Table 13. Fetal ear length (Yeo et al., 1998)

8. The maxillary bone

Imaging of the maxillary bone is possible in most ultrasound examinations and is important,
because deviations in maxillary bone development can also be associated with a malformed
face. The relationship between the maxillary, zygomatic and palatine bones provides a
capacity for rapid movement of the fetal face. The etiology of hypoplasia of the maxillary
bone may, in some cases, form part of well-established structural abnormalities in the fetus
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such as choanal atresia, or genetic syndromes such as Marfan's syndrome. Sonographically,
early prenatal detection of the maxillary bone is possible at 14 week of gestation. Hypoplasia
of the maxillary bone can appear as an incidental finding. Table 14 depicts nomograms of
the maxillary bone length.

Fig. 11. Sonographic picture of the maxillary bone

GA Mean SD Centiles............
(Weeks) 10 50 90
14 9.97 1.12 8.32 10 11.52
15 10.64  1.07 94 10.6 11.8
16 10.6 1.73 7.6 10.4 12.98

1719  10.07 275 7.0 10.9 13
20-22 1148 342 7.0 11.0 17.35
23-24 1319 334 8.60 13 16.76
25-26 1285 1.74 10.2 13.0 15.92
27-28 12,61 211 10.0 12.0 16.2
29-30  13.63  1.67 11.67 1350 16.23

31 1316 1.25 11 13.0 15.48
32 1349 125 11.9 1345 15.0

33 13.7 1.37 1111 140 15.95
34 13.87 1.72 1196  14.0 16.15
35 1415 1.27 1254 140 16.0

36 1431 14 12.63 1435 16.15
37 14.08 126 1293 140 16.73

38-39 1484 177 11.74 148 17.47
Table 14. Maxillary bone length across gestational age (Goldstein et al., 2005)

The frontomaxillary facial (FMF) angle was studied in the first trimester in a Chinese
population, demonstrating that the FMF angle decreases with fetal CRL increases. Similarity
in the normal values of the FMF angle was found between the Chinese and Caucasian
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populations (Chen et al., 2011). These authors previously studied the FMF angle in fetuses
with trisomy 21 in the first trimester and found significant differences in the FMF angle
between normal fetuses and fetuses with trisomy 21 in the Chinese population (Chen et al.,
2009).

9. The tongue

Fetal macroglossia and microglossia are associated with several chromosomal defects. Table
15 describes the tongue circumference between 14 and 26 weeks of gestation.

GA Lower 95% CI  Mean  Upper 95% CI

(weeks)

14 24 28 31
15 26 33 36
16 33 36 38
17 37 37 38
18 40 43 46
19 47 48 51
20 47 51 56
21 51 55 61
22 52 58 62
23 58 62 68
24 60 64 67
25 68 70 73
26 71 73 76

Table 15. Tongue circumference (mm) by gestational age (weeks) and the 95% confidence
interval (Achiron et al., 1997)

10. Cleft lips & palate

Cleft lip and palate is a common facial anomaly, with an incidence of 1 in 1000 live births.
The incidence in fetuses is much higher, and many of these also have other malformations.
Cleft palate alone occurs in about 1 of 2,500 white births. Cleft lip is more common in males,
and cleft palate is more common in females. Cleft lip is one or more splits (clefts) in the
upper lip. Cleft lip can range from a small indentation in the lip to a split in the lip that may
extend up into one or both nostrils. Cleft lip develops in about the sixth to eighth week of
gestation, when structures in the upper jaw do not fuse properly and the upper lip does not
completely merge. Sometimes the nasal cavity, palate, and upper teeth are also affected in
an opening in the roof of the mouth that develops when the cleft palate bones and tissues do
not completely join during fetal growth, sometime between the 7t and 12th weeks of
gestation. The severity and type of cleft palate vary according to where the cleft occurs on
the palate and whether all the layers of the palate are affected. A mild form of cleft palate
may not be visible because tissue covers the cleft. A complete cleft palate involves all layers
of tissue of the soft palate, extends to and includes the hard palate, and may continue to the
lip and nose. Sometimes problems associated with cleft palate also include deformities of the
nasal cavities and/or the partition separating them (septum).
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An ultrasound detection of cleft lip and palate may be seen as early as 14 to 16 weeks of
gestation. Cleft palate and cleft lip may occur independent of each other or at the same time.
The hard palate is the front part of the roof of the mouth, and the soft palate is the back part
of the roof of the mouth. This description may include whether the uvulais affected. The
latter is impossible to detect prenatally. Cleft lip is classified according to its location and
severity. Unilateral cleft lip affects one side of the mouth; bilateral cleft lip affects both sides
of the mouth. A complete cleft lip is a deep split in the upper lip extending into one or both
sides of the nose; an incomplete cleft lip affects only one side of the upper lip. It may appear
as a slight indentation or as a deep notch.

Fig. 12. Sonographic picture of normal primary palate (The alveolar ridge)

CLEFT LIP
N e

Fig. 13. Sonographic pictures of cleft lip
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Ultrasonography can be used to identify clefting in the lip and primary palate (alveolar
ridge). The ultrasound detecting rates of facial clefting have been reported as low as 21-30%
using two-dimensional ultrasound (Crane et al., 1994). Accurate characterization of the fetal
clefting is an important aspect of ultrasound diagnosis. Three-dimensional ultrasound may
be useful in defining the location and extent of facial clefting in utero (Johnson et al., 2000).
Although three-dimensional images of the fetal alveolar ridge can be obtained, two-
dimensional sonographic images are obtained more easily, rapidly and accurately
(Goldstein et al., 1999).

-
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Fig. 14. Sonographic pictures of cleft palate (15 & 23 weeks of gestation)

Gestation [weeks] Mean [mm] 1SD [mm]
14 -15 10.5 1.3
16 11.7 1.1
17 16.6 2.5
18 175 1.1
19 18.0 1.1
20 18.5 1.1
21 18.5 2.1
22 19.9 1.7
23 20.5 1.9
24 21.3 2.7
25 22.8 1.9
26 23.6 2.6
27-28 23.6 2.1
29 255 22
30 26.3 25
31 26.5 2.1
32 26.7 2.0

Table 16. Normal values of the fetal alveolar ridge width (Goldstein et al., 1999)

11. The chin: Microganthia-retroganthia or prognathia

Abnormal size of the chin, micrognathia and macrognathia, and abnormal length of the
philtrum (short or long) are morphological features in numerous syndromes. Micrognathia
is a common finding in many chromosome aberrations and dysmorphic syndromes (Gulla
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et al., 2005). Investigators have reported a series with subjective micrognathia, 66% of whom
had chromosomal abnormalities (Nicolaides et al., 1993). Others reported that micrognathia
was associated with aneuploidy in 25% and 38% of cases (Benacerraf et al., 1984; Turner &
Twining, 1993). Sivan et al. (1997) established normative dimensions for objective chin
length. Measurements of the chin length, was performed between the lower lip and the apex
of the chin in mid-sagittal plane.

||||| §
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Fig. 15. Chin length measured between the lower lip and the apex of the chin (Sivan et al., 1977)

GA Mean _SD Range
Age (weeks) (mm)
16-17.9 5 1 3-6
18-19.9 7 1 6-9
20-21.9 8 2 7-10
22-23.9 10 1 9-11
24-25.9 11 2 8-13
26-27.9 11 2 9-12
28-29.9 13 2 11-15
30-31.9 15 2 13-17
32-33.9 18 2 16-20
34.35.9 17 2 15-19
36-37.9 23 1 22-24

Table 17. Chin length (Sivan et al., 1997)
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Fig. 16. Sagittal scan and postmortem of a fetus at 16 weeks of gestation shows prominent
forehead and retrognathia
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