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Summary

Preterm birth (PTB) is a worldwide problem with great
social significance because it is a leading cause of perinatal
complications and perinatal mortality. PTB is responsible
for more than a half of neonatal deaths. The rate of preterm
delivery varies between 5-18% worldwide and has not
decreased in recent years, regardless of the development
of medical science. One of the leading causes for that is
the failure to identify the high-risk group in prenatal care.
PTB is a heterogeneous syndrome in which many different
factors interfere at different levels of the pathogenesis of the
initiation of delivery, finally resulting in delivery before 37
weeks of gestation (wg). The various specificities of risk
factors and the unclear mechanism of initiation of labour
make it difficult to elaborate standard, unified and effective
screening to diagnose pregnant women at high-risk for PTB
correctly. Furthermore, they make primary and secondary
prophylaxis less effective and render diagnostic and
therapeutic measures ineffective and inappropriate. Reliable
and accessible screening methods are necessary for antenatal
care, and risk factors for PTB should be studied and clarified
in search of useful tools to solve issues of risk pregnancies to
decrease PTB rates and associated complications.
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Introduction

According to the World Health Organization (WHO),
preterm birth (PTB) is birth before 37 weeks of
gestation (wg) or 259 days before the first day of the
last menstrual period [1]. Defining the borderline
between birth and abortion varies across different
countries. Historically, this borderline moved from 28
wg toward earlier gestations, because of the improved
survival before 28 wg following the introduction of
corticosteroid prophylaxis of the respiratory distress
syndrome, postnatal surfactant therapy and the advances
in intensive neonatology. There are centres where this
borderline moved to 22 wg. The WHO definition of
PTB is based on a statistical analysis of the gestational
age at birth, and this should be clearly distinguished
from the concept for prematurity, which reflects the
lack of maturity of different organs and systems of
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the fetus at the time of birth. PTB is a leading
cause of neonatal mortality and late neurological
complications [2]. The rate of PTB has not
decreased during the last 50 years regardless
of the technological, medical, pharmaceutical,
etc. advances and knowledge concerning the
causes and mechanisms of PTB. Globally the
complications of PTB are the leading cause of
death in children under 5 in 2015 [3]. Rising
rates of PTB were reported for both developing
and industrially developed countries. However,
there are significant differences between
developing and developed countries regarding
the chances of survival of premature babies. In
many developing countries, the children born
under 2000 grams in the 32" wg in the absence
of intrauterine growth restriction) have small
chances of survival. On the contrary, the survival
rate of babies born at 32 gw is similar to that of
full-term babies in developed countries.

The rate of PTB in Bulgaria is estimated to
be between 9 and 11%, partly because of the
changing definitions of delivery and abortion in
Standards of obstetrics and gynaecology. The
rate is considerably high compared to the rates in
the developed countries. Data from the National
Delivery Registry in 2016 showed that of the
61 014 live births, 5777 were preterm and 276
babies extremely low birth weight of less than
1000 gr. The highest rates were registered in
Russe — 15.8% (278 from 1758 live births), and
the lowest rates were in Kardzhali, where only
5.3% or 53 from 1014 babies were born preterm.
The relative share of the preterm deliveries is
rising in Bulgaria — from 6.6% in1990 to 9.6%
in 2007, and to 10.3% in 2008. In many regions
such as Burgas, Vratza, Stara Zagora, Sliven
and Yambol the relative share of preterm born
children has reached 13%. In 2012, the number
of preterm deliveries was 5750, which was 8.3%
of those born alive, and in 2010 it was 10.3%.
Almost 50% of preterm babies born before 26 wg
have severe handicaps. The results in survivors
at 6 years of age showed 22% severe disability
(cerebral palsy, low cognitive results, blindness,
and deafness), 24% had moderate degrees of
disability, and 34% had a mild disability and just
20% developed almost normally.

A multicenter study in the United Kingdom
(UK) reported that 80% of the children born in
the 26 wg had some degree of disability at 6
years of age [4]. About one-third of those who

were born between 32 and 35 wg had learning
difficulties at school age, and they represented the
most significant number when compared to those
with lower birth weight. These disabilities have
a significant impact on the educational system
[5]. Newborns at highest risk of morbidity and
mortality are those born before the 32" wg, yet
those born between 32 and 36 wg comprise the
larger group of the prematurely born. This group
(near-term infants) is subject to a significant
risk for health and developmental problems, as
compared to full-term infants [5, 6].

Materials and Methods

The study reviewed the literature and presented
available screening tools and prophylactic
measures that aim to define the risk factors and
risk groups for PTB. It could serve as a basis
for further research and analysis. Our goal is
to elaborate an effective, simple and readily
applicable algorithm to define the high-risk
group in routine antenatal care. The lack of an
effective screening did not allow for sufficient
accuracy in identifying the high-risk group
of pregnant women for PTB, thus impeding
the efforts to define effective intervention for
prevention. A more accurate determination of
pregnant women at low risk for PTB would allow
avoiding unnecessary, expensive and sometimes
overwhelming side effects of interventions.

Interventions to reduce the occurrence and/
or morbidity and mortality of PTB could be
categorised as primary (targeting all women
at reproductive age), secondary (targeting at
eliminating or reducing the effect of a specific
risk factor) and tertiary (aiming to improve the
outcome of PTB) [16]. Most of the interventions
that are currently proven to be effective in
reducing the burden of PTB (morbidity and
mortality) are essentially tertiary measures.
These are: referring pregnant women who
deliver preterm to specialised tertiary centres,
antenatal corticosteroids, and tocolytics to delay
delivery enough to apply the first two measures,
antibiotics to reduce the risks of infections,
optimising the indications for medically
indicated preterm deliveries, etc.

Causes of PTB

Births before 37 wg are associated with a
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spontaneous beginning of uterine contractions,
with intact membranes, preterm prelabour
rupture of membranes (PPROM) and following
induction of labour or elective cesarean section
for maternal and/or fetal indications. About 45-
50% of PTBs are idiopathic, 30% occur after
PPROM, and 15-30% are medically indicated
deliveries. Since the outcome of pregnancy
correlates with the gestational age at delivery,
PTBs subdivide into:

e Extreme (born before 28 wg) — 0.25%);

e Early (28-30 wg) — 0.25%;

e Moderate (31-33 wg) — 0.6%;

e Mild- (34-36 wg) — 3.0%.

The risks of fetal handicap and death are
highest in the first three groups. PPROM is
defined as one occurring before 37 wg and at
least one hour before the beginning of regular
contractions. In most of the cases, PPROM has
unclear aetiology, but it is often associated with
asymptomatic or overt infection. Most of the
pregnant women with PPROM usually develop
uterine contractions followed by cervical
changes. Since the amniotic membrane acts as
a barrier against ascending infection, a rupture
is often followed by infection. Spontaneous
PTB with intact membranes is the spontaneous
onset of regular uterine contractions followed
by cervical changes before 37 wg. The actiology
and pathogenesis of this process are unclear, but
it is regarded as early idiopathic activation of the
birth process. Some theories explain this event,
such as progesterone withdrawal, oxytocin
theory, and decidual activation, among others.
The role of the fetus has been described as a
factor in the initiation of labour [7].

PTB is a very heterogeneous syndrome
and should be regarded as such, with unclear
and multifactorial aetiology, where multiple
factors lead to a common end-result delivery
before 37 wg. It is necessary to clarify the
different phenotypes of PTB that reflect the
heterogenicity of the underlying etiologies
and the following pathogenetic mechanisms.
Studying PTB and its rates require appropriate
categorisation, considering the efforts to create
effective practices that aim to reduce PTB
rates. Simplification and unification of all births
occurring before 37 wg impede the appropriate
research of PTB and lead to empiric strategies
that overlook the heterogeneity of PTB and
the variety of factors concerned. Finally, such
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strategies have been proved as ineffective and
inappropriate.

However, there are studies which describe
and classify the different phenotypes of PTB
syndrome [8, 9]. Deliveries after spontaneous
onset of uterine contractions and spontaneous
PPROM are described together as spontaneous
PTB. They are regarded as syndomatic and as
resulting from multiple causes which interfere in
different gestations, e.g. inflammatory processes
(immunological, systemic and intrauterine
infections), placental (micro-) thromboses,
and uterine vascular lesions associated with
fetal stress, decidual haemorrhages, cervical
insufficiency and uterine overdistension.
Individual genetics and the environment influence
all these factors. Romero et al. (2006) describe
different pathological processes leading to the
syndrome of PTB, such as intrauterine infection
and/or inflammation, uterine ischaemia, uterine
overdistension, a normal allograft reaction,
allergies, cervical insufficiency and hormonal
disturbances [10].

Risk factors include prior PTB, black race,
periodontal disease, low maternal body mass
index (BMI). A PTB rate of 4% was reported
in women with BMI from 25 kg/m?* to 26 kg/
m?. The rate is up to 5% in women with obesity
but rises to 5.5% in low BMI 17-18 kg/m?
and to 7% in BMI under 17 kg/m?* There is a
linear inverse correlation with the height of the
pregnant women with a rate of 6% with a height
of 1.46 m, and less than 3% with a height of 1.75
m. There are racial and ethnic differences in the
rate of PTB.

A previous PTB is a significant risk factor
during pregnancy. The recurrence risk is
increased both in spontaneous and iatrogenic
PTBs, and the risk is in inversed correlation with
the gestational age of the previous PTB. The
risk is also related to the number of the previous
PTBs.

Factors associated with the increasing PTB
rates include increased number of multifetal
pregnancies, increased usage and success rates
of artificial reproductive technologies (ART),
increase of the number of pregnancies in women
after 35, increasingly and more liberal application
of elective delivery indications (either induction
of labor or cesarean delivery) and moving toward
earlier gestations because of the improved
survival of those born preterm. The risk of PTB
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after ART is 10% versus 6.8% in spontaneous
pregnancies even in singleton pregnancies.
Multifetal pregnancies are currently amongst
the leading causes of PTB. The highest rate of
naturally conceived multifetal pregnancies is
observed in West Aftrica (1 in 40), and the lowest
in Japan (1 in 200). In developed countries,
approximately 8% of all deliveries follow the
application of ART, which is associated with
a high rate of multifetal pregnancies, in spite
of the trend to decrease the number of the
transferred embryos. Multifetal pregnancies (2-
3% of all deliveries) are associated with a high
rate of PTB and account for15-20% of all PTBs.
Preterm delivery occurs in about 60% of twin
pregnancies, and spontaneous PTBs account
40% of these. The rest are indicated PTBs
following preeclampsia or other maternal or
fetal conditions.

The risks vary, regarding the number of
fetuses and chorionicity. Almost all multiple
pregnancies with more than two fetuses
deliver preterm [11]. Genital bleeding during
pregnancy as a consequence of placental
abruption or placenta previa is associated with
a very high risk of PTB. Genital bleeding
during pregnancy which is not associated with
the pathologies as mentioned above is not
associated with an increased risk of PTB [12].
Amniotic fluid anomalies (polyhydramnios and
oligohydramnios) are also associated with a high
risk of PTB. Abdominal, and especially uterine
surgeries, increase the risk of preterm initiation
of labour. Chronic diseases in pregnant women,
such as thyroid diseases, hypertension, and
diabetes are also associated with increased risk
of PTB. Cervical surgeries, such as conisation,
LEETZ and tracelectomy increase the risk of
PTB [13]. Globally, infections are the most
common cause for PTB [14].

Indicated (iatrogenic) PTBs occur after
elective induction of labour or cesarean section,
various maternal and/or fetal conditions, and
most commonly the consequences of abnormal
placentation — preeclampsia and intrauterine
growth restriction of the fetus. These conditions
can be acute or chronic and require balancing
between the risks of continuing the pregnancy
until reaching a certain level of maturity and
the risk of continuing exposition of suboptimal
intrauterine environment. According to a UK
epidemiological study (North West Thames

database 1988-2000) between 28 and 31wg
almost 50% of all deliveries were iatrogenic.

Many studies based on a sonographic
determination of the estimated delivery date
have shown that uncertainty of the date of the
last menstrual period and variations in the length
of the menstrual cycle has led to an inaccurate
assessment of gestational age at delivery [15].
Changes in the definitions for abortion, delivery
and neonatal death also contribute to the increase
of the PTB rates.

Primary prophylaxis

Measures before pregnancy

There is a wrong point of view in society that
improved neonatal care for those born preterm
has solved the problem with PTBs. Clarifying
the fact that PTB is a leading cause for neonatal
morbidity and mortality would focus the efforts
to avoid the potential risk factors. Policies to
reduce the risk of multifetal pregnancy were
proven to be effective in Europe, Australia
and USA. Measures to reduce the risks and to
improve the outcome of a present pregnancy are
applied in many Europen countries, e.g. paid
maternity leave, maternity leave for antenatal
care, restrictions to work night shifts, ensuring
appropriate work conditions and eliminating
harmful substances and occupational risks at
the workplace. Results from these policies
were presented in the European programme
of occupational risks and pregnancy outcome
(EUROPOP) study. According to this study, the
risk of PTB was not high in working pregnant
women but was substantially higher in those who
work more than 42 hours a week and more than
6 hours a day [17]. Women who plan pregnancy
are routinely advised to take prenatal vitamins
to reduce the risk of congenital malformations
(as in the case with folic acid and neural tube
defects). Randomised placebo-controlled trials
(RCT) have not demonstrated the effects of any
food supplements on the frequency of PTB.
Maternal smoking increases the risk of delivery
of a low birth weight baby and unfavourable
neonatal outcome. However, in the USA, the rate
of PTB increased from 11.6% to 12.5% between
2000 and 2004, although the smoking rate in
women between 18 and 44 years has decreased
from 25% to 22% in this period [18].

© Medical University Pleven

J Biomed Clin Res Volume 11 Number 2, 2018



Improved prenatal care

Improved access to prenatal care was regarded as
away to reduce the occurrence of PTB because of
the probable association of early registration and
increased number of visits with lower levels of
prematurity. In a study on this association, it has
been demonstrated that delayed first antenatal
visit was related to unfavourable outcomes. The
first visit at 14 wg was associated with PTB
(p<0.001), but a Cochrane review has not found
a significant difference in the frequency of PTBs
and reduced number of antenatal visits versus
the standard number of visits [ 19]. It is necessary
to study further populational measures and
to search for specific practices to decrease the
rates of PTB because low-risk women deliver
a more significant number of preterm infants.
The content of antenatal care concerning PTB
prevention should reflect the heterogeneity of
this condition to expect an effect on the rate of
PTB.

Periodontal care

The risk of PTB is increased in the presence of
periodontal disease and increases further if the
disease progresses during pregnancy. This is
probably an effect from the generalisation of the
inflammatory reaction during pregnancy. RCTs
have not shown the effect of treating the disease
during pregnancy [20].

Inflammatory processes and
infections
Althoughinfectionsandcolonisationofthe genital
tract of pregnant women are associated with
increased risk of PTB, treatment fails to decrease
this risk. Bacterial vaginosis (BV) is present in
20% of pregnant women and is asymptomatic
in most of the cases. It is associated with an
increased risk of PPROM and PTB. The risk of
PTB is doubled in pregnant women with BV,
and is much higher if the BV is present before 16
wg. Treatment during pregnancy has not shown
to reduce the risk of PTB. It is necessary to study
the effect of treatment at earlier gestational age
(before 16 wg). The screening and treatment for
Ureaplasma urealyticum, group B streptococcus
and Trichomonas vaginalis do not decrease
the risk of PTB [21]. In pregnant women
with asymptomatic bacteriuria, the risk of
pyelonephritis and PTB is increased. Antibiotic
treatment decreases the risk of pyelonephritis,
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but it does not influence the risk of PTB [22].

Screening of high-risk pregnancies
There are two subgroups of women which
contribute to spontaneous PTBs. About 3% of
all pregnant women have had a previous late
miscarriage or prior preterm labour, and they
account for 15% of spontaneous PTBs. The risk
of recurrence is in inversely proportional to the
gestation age at which the previous PTB has
occurred and also in relation with their number.
The other group, which includes about 85% of
those who deliver preterm are either in their
first pregnancy or have has deliveries at term.
This latter group represents 97% of pregnant
women. It is evident that preventive strategies
targeting only the subgroup with previous PTB
would have a minimal impact on the overall
rate of PTB. There are two strategies to identify
the high-risk group for PTB amongst the 97%
of pregnant women who are either in their first
pregnancy or already have given birth at term.
They deliver 85% of those born before 34wg
[23]. These strategies are an estimation of the
risk by measurement of the cervical length (CL)
and the use of biological markers.
Asymptomatic pregnant women with positive
fetal fibronectin (FFN) test are at an increased risk
of PTB before 35wg, more specifically within
two weeks after the positive test. FFN is thought
to be positive in the subgroup of PTBs that follow
inflammatory reactions. FFN is an extracellular
matrix protein produced by the cytotrophoblast.
It is localised between the chorion and deciduas,
and acts as ,,glue”. Placebo-controlled trials had
not shown a reduction of the risk of PTB when
pregnant women with a positive FFN test was
treated with antibiotics. High levels of FFN could
be found in cervicovaginal secretions before 22
wg. Measuring FFN in the cervicovaginal fluid
between 22-24 wg has proved useful in defining
the pregnant women at high risk of spontaneous
PTB. In 22-24 wg, the test is positive in 5% of
the pregnant women and this group includes
25% of those who deliver spontaneously preterm
before 34 wg [24-26]. A routine investigation
of the uterine cervix in the second trimester in
low-risk singleton pregnancies by transvaginal
ultrasound could identify those at high-risk for
PTB, but the sensitivity is low. The CL at 20-
24 wg in pregnant women who deliver at term
has a normal distribution in the population with a
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mean of 34 mm. In pregnancies, where delivery
is before 34 wg, there is a bimodal distribution
of the CL. CL less than 15 mm is seen in 1%
of pregnant women, and they deliver 20% of
those born before 34 wg. CL less than 25 mm
is observed in 10% of the pregnant women, and
they deliver 40% of those born before 34 wg
[27].

Both sonographic assessment of the cervix
and the FFN have a high negative predictive
value (NPV) and low positive predictive value
(PPV). This means that both tests r define the
low-risk, rather than the high-risk group.

Secondary prophylaxis of PTB

Secondary prophylaxis targets women, identified
as being of high-risk for PTB either from obstetric
history (previous PTB, uterine anomalies,
etc.) or because of a risk factor in the present
pregnancy (multifetal pregnancy, bleeding, etc.).
These groups of pregnant women are also quite
heterogeneous. In an attempt to define the risk
factors in healthy pregnant women, Goldenberg
and colleagues report that the number and the
gestational age of previous PTBs are the most
reliable predictors from the obstetric history, and
the presence of FFN in cervicovaginal fluid, the
CL and BV most strongly correlate with the risk
of spontaneous PTB in singleton pregnancies.
With a baseline risk of 10-12%, the risk of
recurrence in a current pregnancy after one, two
and three PTBs increases to 15%, 30%, and 45%,
respectively. About 85% of those who deliver
preterm are either in their first pregnancy or have
deliveries at term. Consequently, a screening
strategy based solely on the past obstetric history
would yield a very low detection rate.

Preconceptional measures

The risk of recurrence is high for both
spontaneous as well for the indicated PTBs. The
risk increases with the number of previous PTBs
and with the increasing degree of prematurity of
the previous PTB. Current risk factors could be
identified in about 40% of PTBs. Having in mind
that that PTB is a major perinatal problem and
actively searching for risk factors would allow
applying preventive strategies and procedures
such as correction of uterine anomalies, treatment
of urogenital and periodontal infections,
abdominal cerclage, diabetes control, epilepsy,

asthma or hypertension. Randomised and
placebo-controlled trials, which test the effect of
preconceptual administration of antibiotics have
shown that antibiotics do not have an effect on
recurrences. Antibiotics did not reduce the risk
of PPROM or preterm delivery except in the
subgroup of women with a previous PTB, who
had bacterial vaginosis) [28, 29].

Postconceptional interventions

Secondary prophylaxis of
spontaneous PTBs

Interventions in asymptomatic pregnant women
would have different efficacy according to the
population being studied. Models combining CL,
obstetric history, microbiology and biological
markers would provide a better prediction of
spontaneous PTB than any factor alone, and the
sensitivity and predictive values would be higher.
The sensitivity of such screening strategies
improves with higher degrees of prematurity.
Despite the complete absence of evidence, bed
rest and restriction from sexual activity are
commonly prescribed practices to decrease the
risk of PTB in pregnant women with known risk
factors. Results from randomised and placebo-
controlled trials have proved that there is no effect
from bed rest, prophylactic administration of
tocolytics, stress reduction, dietary supplements,
such as iron, folate, calcium, magnesium,
prenatal vitamins, omega-3 polyunsaturated
fatty acids, etc. However, there might be side
effects of such interventions: long-term bed rest
may lead to venous thromboembolism, muscle
atrophy, and stress.

In pregnant women with previous spontaneous
PTB, singleton pregnancy and CL less than 25
mm, cervical cerclage significantly prevents
PTB and perinatal morbidity and mortality [30].
In such cases, cerclage decreases the risk of PTB
before 34 wg by 25%. There are two options
in such cases. Elective cerclage after 14 wg, or
follow up of the CL and placing the cerclage if
CL becomes shorter than 25 mm. The overall
rate of PTB is the same with the two approaches
but the second approach decreases cases of
placing cerclages by 50%. Many studies show
a decreased rate of spontaneous PTB in women
with previous PTB with the application of
progesterone. Several possible pharmacological
effects of progesterone have been studied,
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including the decreased formation of gap-
junctions between muscle cells, antagonism and
decreased susceptibility to endogenous oxytocin,
and anti-inflammatory effects. Prophylactic
application of progesterone between 20 and
34 wg decreases the risk of spontaneous PTB
before 34 wg by 25%. It could be applied as
natural progesterone vaginally (200 mg) every
night, or intramuscularly as a synthetic 17-alpha-
hydroxiprogesteron caproate (250 mg). Natural
progesterone is preferable because of the fewer
side effects, such as sleepiness, weakness
and headache. Progesterone, however, is not
uniformly effective in all populations of high-
risk pregnant women. This indicates that some
pathogenetic mechanisms of recurring PTB
progesterone application unsuitable. In pregnant
women without prior PTB but with a positive
screening test in the current pregnancy, such as
positive FFN, the application of antibiotics does
not decrease the rate of spontaneous PTBs.

The effect of eradication of BV in earlier
gestations (before 16 wg) needs to be studied.
Cerclage placement in pregnant women with
short cervix below 25 mm between 20-24 wg
decreases the rate of PTB before 34 wg by 15%,
and vaginal application of progesterone (200
mg) decreases the risk of PTB by 35-40% [31,
32]. The rate of PTB before 34 wg in singleton
pregnancies is about 2%, and 15% in twin
pregnancies. In both singleton and multifetal
pregnancy, the risk of PTB increases because
the CL decreases in 20-24 wg. In case of twin
pregnancy combined with a CL less than 25 mm
in 20-24 wg, vaginal application of progesterone
between 20-34 wg could decrease the rate of
spontaneous PTB before 34 wg up to 30% [33].
In twin gestation with a short cervix, treatment
with cervical cerclage may reduce the rate of
early PTB, but there is a need of well-designed
randomised controlled trials on cerclage applied
in twin gestations with a short cervix to confirm
this effect [34]. There are many studies on the
efficacy of vaginal pessaries as an alternative to
cerclage, and they have reported contradictory
results both in singleton and multifetal
pregnancies. These are flexible silicone rings that
are placed into the vagina in early pregnancy,
avoiding invasive cerclages. The rings can be
removed easily near term [35-37].
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Tertiary interventions for women
at acute risk for PTB

Diagnosing situations which immediately
precede preterm labour gives a chance to
intervene and to improve the outcome. The
most common symptoms of threatening PTB
are frequent and sometimes painful uterine
contractions, spontaneous amniotic rupture,
genital spotting or bleeding. Early recognition
of the signs of threatening PTB is usually
challenging because the symptoms are often
discrete and similar to common pregnancy
complaints. Most pregnant women who present
(about 70%), with regular contractions between
24-36 wg are in false labour and do not deliver
in the subsequent seven days. Diagnosing
threatening preterm labour by measuring the
CL and/or testing cervicovaginal fluid for FFN
discriminates false and true labour, and gives
the chance to avoid unnecessary hospitalisations
[38, 39]. In a meta-analysis, Boots et al. (2014)
found that, in symptomatic patients, positive
FFN, the absence of fetal breathing movements,
and CL have diagnostic use as predictors of
delivery within 48 hours and 7 days of testing.
The absence of fetal breathing movements
appears to be the best test for predicting PTB
[40]. Levine et al. (2018) studied the efficacy of
CL and FFN test as predictors of spontaneous
preterm labour in symptomatic pregnancies in
a prospective study by stratifying the results
by obstetric history and parity. In primiparous
women, the rising levels of FFN were associated
with high-risk of spontaneous preterm labour
with a positive predictive value (PPV) of 26.5%,
when FFN levels were above 20 ng/mL, to 44.4%
with levels of 200 ng/mL. The cut-off of 20 ng/
mL had higher sensitivity (69.2%) and higher
negative predictivity (96.8%), forming the group
of low-risk of preterm labour. The authors found
that FFN was not informative in parous pregnant
women. In primiparous and parous pregnant
women, CL less than 20 mm optimises the test
with a PPV of 25 and 20% respectively, and
NPVof 95.5 and 92.7%. In parous women, CL
less than 25 mm discriminates between the low
and high-risk groups. In parous pregnant women,
the FFN test is ineffective, and CL should be
applied. Irrespective of the parity the PPV of
the CL and FFN remains low [41]. In pregnant
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women with threatening preterm labour, the
probability of delivery in the next 7 days is in
inverse correlation with the CL. CL less than 20
mm is measured in 20% in pregnant women with
threatening preterm labour, and 75% of those
who deliver in the next 7 days fall into this group.
With a CL above 20 mm, the risk of delivery
in the next seven days is 3%. The FFN test is
positive in about 20% of pregnant women with
threatening PTB, and this group includes about
75% of those who deliver in the next seven days.
In those with a negative test, the risk of delivery
in the next seven days is 3%. Combining CL
and FFN could decrease the rate of the high-risk
group for delivery in the next seven days to 5%
(versus 20% with each test alone), and decrease
the risk of delivery with a negative test to 1%
[42, 43]. Educational programs targeting early
identification of the symptoms of threatening
preterm labour were shown to be ineffective in
randomised trials. Similar are the results from
daily electronic monitoring of the uterine activity
in pregnant women at risk for PTB [44].
Placental alpha-microglobulin-1 (PAMG -1 is
another biological marker. This protein is found
in high concentrations in amniotic fluid, while
its concentration is very low in cervicovaginal
secretions. Wing et al. compared the efficacy of
PAMG-1 and FFN tests in predicting preterm
labour in the next seven days after the test gets
positive and found better PPV of PAMG-1. The
test is most useful in situations, in which the CL
is between 15 and 30 mm, and the predictivity
of CL alone is low [45]. Another test is based on
the presence of specific monoclonal antibodies
connecting the phosphorylated form of the
insulin-like growth factor binding protein-1
(phIGFBP-1), which is produced by decidua
but leaks in the cervicovaginal fluid, when the
connection between the chorion and decidua
breaks. The test possesses a 98% NPV for
delivery in the following 7-14 days. Unlike
FFN, the test could be done even if the sample
is contaminated with urine, drugs, etc. [46]. A
model comparing the efficacy of the FFN and
albumin vitamin D-binding protein (Albumin/
VDBP) in cervicovaginal secretions of pregnant
women with threatening preterm labor showed
that the double biochemical model (Albumin/
VDBP) had 66.7% sensitivity, 100% specificity,
100% PPV, and 96.7% NPV as compared to FFN

—66.7%, 87.9%, 36.4% and 96.2%, respectively
[47]. The biomarker tests for threatening preterm
labour are currently the most useful because of
their negative predictivity, making it possible
to avoid unnecessary interventions, as well
as to take timely measures, such as antenatal
corticosteroids, etc. in those considered to be at
risk.

Conclusions

PTB, the ability to accurately identify the risk
groups and clarification of the interventions and
the groups of pregnant women who can benefit
from them are amongst the major challenges
in modern obstetrics. There is a necessity
to elaborate algorithms applicable in daily
antenatal care to identify high-risk pregnant
women, thus allowing for precise application
of specific preventive measures. Because of the
heterogeneity of the PTB syndrome, it might
be necessary to apply different screening tools
to categorise different phenotypes, eventually
benefiting from specific interventions correctly.
Measurement of the CL and combining it with
obstetric history and microbiology of the vaginal
microflora should be established as a baseline
population screening. Biological markers are
still costly and are most useful in selected cases,
especially in cases with threatening preterm
labour.

Acknowledgements

This article was supported by Project No
BG05M20P001-2.009-0031-CO1.

References

1. Beck S, Wojdyla D, Say L, Betrain AP, Merialdi
M, Requejo JH. The worldwide incidence of
preterm birth: a systematic review of maternal
mortality and morbidity. Bulletin of the World
Health Organization, 2010;88(1):31-8.

2. Office for National Statistics. Child mortality
in England and Wales: 2016. Stillbirths, infant
and childhood deaths occurring annually in
England and Wales, and associated risk factors.
Statistical Buletin [Internet]. 2018 [cited 2019
Jan 04]. Available from: https://www.ons.gov.
uk/.

3. Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu
J, et al. Global, regional, and national causes

© Medical University Pleven

J Biomed Clin Res Volume 11 Number 2, 2018



Ivanov I, et al. Prevention of preterm birth

10.

11.

12.

13.

14.

15.

16.

17.

of under-5 mortality in 2000-15: an updated
systematic analysis with implications for
the Sustainable Development Goals. Lancet.
2016;388(10063):3027-35.

Marlow N, Wolke D, Bracewell MA, Samara
M. Neurologic and developmental disability at
six years of age after extremely preterm birth. N
Engl J Med. 2005;352: 9-19.

Wang ML, Dorer DJ, Fleming MP, Catlin
EA. Clinical outcomes of near-term infants.
Pediatrics. 2004;114(2):372-6.

Huddy C, Johnson A, Hope P. Educational and
behavioral problems in babies of 32-35 weeks
gestation. Arch Dis Child Fetal Neonatal Ed.
2001;85(1):F23-8.

Goldenberg RL, Culhane JF, lams JD, Romero
R. Epidemiology and causes of preterm birth.
Lancet. 2008;371(9606):75-84.

Barros FC, Papageorghiou AT, Victora
CG, Noble JA, Pang R, lams J et al. The
distribution of clinical phenotypes of preterm
birth syndrome: implications for prevention.
JAMA Pediatr. 2015;169(3):220-9.

Manuck TA, Esplin MS, Biggio J, Bukowski
R, Parry S, Zhang H, et al. The phenotype of
spontaneous preterm birth: application of a
clinical phenotyping tool. Am J Obstet Gynecol.
2015;212(4):487.¢1-487.el1.

Romero R, Espinoza J, Kusanovic JP, Gotsch
F,Hassan S, Erez O, et al. The preterm parturition
syndrome. BJOG. 2006;113(3):17-42.

Jackson RA, Gibson KA, Wu YW, Croughan
MS. Perinatal outcomes in singletons following
in vitro fertilization: a meta—analysis. Obstet
Gynecol. 2004;103(3):551-63

Krupa, FG, Faltin D, Cecatti JG, Surita FG,
Souza, JP. Predictors of preterm birth. Int J
Gynaecol Obstet. 2006;94(1):5-11

Jakobsson, M, Gissler M, Sainio, S, Paavonen
J, Tapper AM. Preterm delivery after surgical
treatment for cervical intraepithelial neoplasia.
Obstet Gynecol. 2007;109(2 Pt1):309-13.
Goldenberg RL, Davis RO, Cutter GR, Hoffman
HJ, Brumfield CG, Foster JM. Prematurity,
postdates, and growth retardation: the influence
ofuse of ultrasonography on reported gestational
age. Am J ObstetGynecol. 1989;160(2):462-70.
Ambrose CS, Caspard H, Rizzo C, Stepka
EC, Keenan G. Standard methods based
on last menstrual period dates misclassify
and overestimate US preterm births. J
Perinatol. 2015;35(6):411-4.

Iams JD, Romero R, Culhane JF, Goldenberg RL.
Primary, secondary, and tertiary interventions to
reduce the morbidity and mortality of preterm
birth. Lancet. 2008;371(9607):164-75.

— Saurel-Cubizolles MJ, Zeitlin J, Lelong

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

N, Papiernik E, Di Renzo GC Breart, G, et
al. Employment, working conditions, and
preterm birth: results from the Europop case-
control survey. J Epidemiol Community Health.
2004;58(5):395-401.

Behrman RE, Adashi EY, Allen MC, Caruso
RL, Butler AS, Culhane J, et al. Preterm birth:
causes, consequences, and prevention. Behrman
RE, Butler AS, editors. Washington: National
Academies Press; 2007.

Alwan NA, Roderick PJ, Macklon NS. Is timing
of'the first antenatal visit associated with adverse
birth outcomes? Analysis from a population-
based birth cohort. The Lancet. 2016;388: S18.
Stamilio DM, Chang JJ, Macones GA.
Periodontal disease and preterm birth: do the
data have enough teeth to recommend screening
and preventive treatment? Am J Obstet Gynecol.
2007; 196(2):93-4.

Hosny AEMS, El-Khayat W, Kashef MT, Fakhry
MN. Association between preterm labor
and genitourinary tract infections caused by
Trichomonas vaginalis, Mycoplasma hominis,
Gram-negative bacilli, and coryneforms. J Chin
Med Assoc. 2017;80(9):575-81.

Smaill FM, Vazquez JC. Antibiotics
for asymptomatic bacteriuria in pregnancy.
Cochrane Database Syst Rev. 2015:8.

Celik E, To M, Gajewska K, Smith
GC, Nicolaides KH, Fetal Medicine Foundation
Second Trimester Screening Group. Cervical
length and obstetric history predict spontaneous
preterm birth: development and validation of a
model to provide individualized risk assessment.
Ultrasound Obstet Gynecol. 2008;31(5):549-54.
Heath VC, Daskalakis G, Zagaliki A, Carvalho
M, Nicolaides KH. Cervicovaginal fibronectin
and cervical length at 23 weeks of gestation:
relative risk of early preterm delivery. BJOG
2000;107(10):1276-81.

Daskalakis GJ, Papantoniou NE, Koutsodimas
NB, Papapanagiotou A, Antsaklis AJ. Fetal
fibronectin as a predictor of preterm birth. J
Obstet Gynaecol. 2000;20(4):347-53.

Son M, Miller ES. Predicting preterm birth:
cervical length and fetal fibronectin. Semin
Perinatol. 2017;41(8):445-51.

Kagan KO, To M, Tsoi E, Nicolaides KH. Preterm
birth: the value of sonographic measurement of
cervical length. BJOG. 2006;113(3):52-6.
Andrews WW, Goldenberg RL, Hauth JC, Cliver
SP, Copper R, Conner M. Interconceptional
antibiotics to prevent spontaneous preterm
birth: a randomized clinical trial. Am J Obstet
Gynecol. 2006;194(3):617-23.

Thinkhamrop J, Hofmeyr GJ, Adetoro O,
Lumbiganon P, Ota E. Antibiotic prophylaxis

© Medical University Pleven




104

30.

31.

32.

33.

34.

35.

36.

37.

38.

during the second and third trimester to
reduce adverse pregnancy outcomes and
morbidity. Cochrane Database Syst Rew.
2015;20;(6):CD002250.

Berghella V, Rafael TJ, Szychowski JM, Rust
OA, Owen, J. Cerclage for short cervix on
ultrasonography in women with singleton
gestations and previous preterm birth: a meta-
analysis. Obstet Gynecol. 2011;117(3):663-71.

Fonseca EB, Celik E, Parra M, Singh
M, Nicolaides KH. Progesterone and the risk of
preterm birth among women with a short cervix.
N Engl J Med. 2007;357:462-9.

Romero R, Nicolaides KH, Conde-Agudelo
A, O’Brien JM, Cetingoz E, Da Fonseca E, et
al. Vaginal progesterone decreases preterm
birth <34 weeks of gestation in women with
a singleton pregnancy and a short cervix: an
updated meta-analysis including data from the
OPPTIMUM study. Ultrasound Obstet Gynecol.
2016;48(3):308-17.

Romero R, Conde-Agudelo A, El-Refaic W,
Rode L, Brizot ML, Cetingoz E, et al. Vaginal
progesterone decreases preterm birth and
neonatal morbidity and mortality in women
with a twin gestation and a short cervix: an
updated meta-analysis of individual patient data.
Ultrasound Obstet Gynecol. 2017;49(3):303-14.
Houlihan C, Poon LC, Ciarlo M, Kim E,
Guzman ER, Nicolaides KH. Cervical cerclage
for preterm birth prevention in twin gestation
with short cervix: a retrospective cohort study.
Ultrasound Obstet Gynecol. 2016;48(6):752-6.

Nicolaides KH, Syngelaki A, Poon LC, de
Paco Matallana C, Plasencia W, Molina
FS, et al. Cervical pessary placement for
prevention of preterm birth in unselected twin
pregnancies: a randomized controlled trial. Am
J ObstetGynecol. 2016;214(1):3.¢1-9.

Dugoff L, Berghella V, Sehdev H, Mackeen AD,
Goetzl L, Ludmir J. Prevention of preterm birth
with pessary in singletons (PoPPS): randomized
controlled trial. Ultrasound Obstet Gynecol
2018;51-5Ne:573-9.

van ‘t Hooft J, van der Lee JH, Opmeer BC,
van Wassenaer-Leemhuis AG, van Baar AL,
Bekedam DJ, et al. Pessary for prevention of
preterm birth in twin pregnancy with short
cervix: 3-year follow-up study. Ultrasound
Obstet Gynecol. 2018; 51(5):621-8.

Alfirevic Z, Allen-Coward H, Molina F, Vinuesa
CP, Nicolaides K. Targeted therapy for

39.

40.

41.

42.

43.

44,

45.

46.

47.

J Biomed Clin Res Volume 11 Number 2, 2018

threatened preterm labor based on sonographic
measurement of the cervical length: a
randomized controlled trial.Ultrasound Obstet
Gynecol. 2007;29(1):47-50.

Sotiriadis A, Papatheodorou S, Kavvadias A,
Makrydimas G. Transvaginal cervical length
measurement for prediction of preterm birth
in women with threatened preterm labor: a
meta-analysis.  Ultrasound  ObstetGynecol.
2010;35(1):54-64.

Boots AB, Sanchez-Ramos L, Bowers DM,
Kaunitz AM, Zamora J, Schlattmann P. The
short-term prediction of preterm birth: a
systematic review and diagnostic metaanalysis.
Am J Obstet Gynecol. 2014;210(1):54.e1-54.
elO0.

Levine LD, Downes KL,  Romero JA, Pappas
H, Elovitz MA. Quantitative fetal fibronectin
and cervical length in symptomatic women:
results from a prospective blinded cohort study.
J Matern Fetal Neonatal Med. 2018;15:1-9.
Todesco M, Hartog M, Fabbro T, Lapaire
O, Hoesli IM.The combination of the fetal
fibronectin bedside test and cervical length in
preterm labor is useful for prediction of preterm
birth. Open J Obstet Gynecol. 2015;5:746-53.
Tsoi E, Akmal S, Geerts L, Jeffery B, Nicolaides
KH. Sonographic measurement of cervical
length and fetal fibronectin testing in threatened
preterm labour. Ultrasound Obstet Gynaecol.
2006;27(4):368-72.

A multicenter randomized controlled trial of
home uterine monitoring: active versus sham
device. The Collaborative Home Uterine
Monitoring Study (CHUMS) Group. Am J
Obstet Gynecol. 1995;173(4):1120-7.

Wing DA, Haeri S, Silber AC, Roth CK,
Weiner CP, Echebiri NC, et al. Placental alpha
microglobulin-1 compared with fetal fibronectin
to predict preterm delivery in symptomatic
women. Obstet Gynecol. 2017;130(6):1183-91.
Riboni F, Vitulo A, Dell‘avanzo M, Plebani
M, Battagliarin G, Paternoster D. Biochemical
markers predicting pre-term delivery in
symptomatic patients: phosphorylated
insulin-like growth factor binding protein-1
and fetal fibronectin. Arch Gynecol Obstet.
2011;284(6):1325-9.

Liong S, Di Quinzio MK, Fleming G, Permezel
M, Rice GE, Georgiou HM. New biomarkers for
the prediction of spontaneous preterm labour in
symptomatic pregnant women: a comparison
with fetal fibronectin. BJOG. 2015;122(3):370-
9.

© Medical University Pleven




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


