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ABSTRACT

Spontaneous preterm birth (delivery before 37 completed weeks) is the single most important
cause of perinatal morbidity and mortality. The rate is increasing world-wide with a great disparity
between low, middle and high income countries. It has been estimated that the cost of neonatal
care for preterm babies is more than 4 times that of a term neonate admitted into the neonatal
care. Furthermore, there are high costs associated with long-term morbidity in those who survive
the neonatal period. Interventions to stop delivery once preterm labor starts are largely ineffective
hence the best approach to reducing the rate and consequences is prevention. This is either pri-
mary (reducing or minimizing factors associated with preterm birth prior to and during preg-
nancy) or secondary - identification and amelioration (if possible) of factors in pregnancy that are
associated with preterm labor. In the first category are optimizing maternal weight, promoting
healthy nutrition, smoking cessation, birth spacing, avoidance of adolescent pregnancies and
screening for and controlling various medical disorders as well as infections prior to pregnancy.
Strategies in pregnancy, include early booking for prenatal care, screening and managing medical
disorders and their complications, and identifying predisposing factors to preterm labor such as
shortening of the cervix and timely instituting progesterone prophylaxis or cervical cerclage where
appropriate. The use of biomarkers such as oncofetal fibronectin, placental alpha-macroglobulin-1
and IGFBP-1 where cervical screening is not available or to diagnosis PPROM would identify those
that require close monitoring and allow the institution of antibiotics especially where infection is
considered a predisposing factor. Irrespective of the approach to prevention, timing the adminis-
tration of corticosteroids and where necessary tocolysis and magnesium sulfate are associated
with an improved outcome. The role of genetics, infections and probiotics and how these emerg-
ing dimensions help in the diagnosis of preterm birth and consequently prevention are exciting
and hopefully may identify sub-populations for targeted strategies.
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Epidemiology/introduction Region/Country to another with an overall rate of
11%. It is highest in South East Asia and Sub-Sahara
Africa. The average PTB rate is 12% in LIC, 9.4% in
MIC, and 9.3% in HIC. Indeed approximately 80% of

PTBs occur in Sub-Sahara Africa and South East Asian

Preterm birth (PTB) defined as delivery before 37 com-
pleted weeks of gestation is an important cause of
severe morbidity and mortality. Approximately 15 mil-
lion babies are delivered preterm world-wide; 84% of

these are between 32 and 36 weeks, 10% are between
28 and 32weeks and 5% occur before 28 weeks. One
million of these die before the age of 5years account-
ing for 18% of all deaths in children before the age of
S5years [1,2]. About 35% of all neonatal deaths occur
in those delivered before 28 weeks of gestation [3].
About 90% of PTBs occur in low and middle-
income countries (LMIC) [4]. The rate varies from one

countries [4]. The lowest PTB rate (4.1%) is in Belarus
while the highest (19.1%) is in Bangladesh [4]. Six
countries including India, China, Nigeria, Pakistan,
Indonesia, and the USA account for 50% of these [5,6].
Figure 1 is a map of the rates of PTB by country/re-
gion in 2014 [4]. In the USA (the only HIC in this
group with very high rates), social and economic dis-
crepancies such as unequal access to maternity care
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Figure 1. Estimated global rate of the rates of preterm birth in 2014. (Courtesy of Chawanpaiboon et al. Lancet 2019) [4].

and high poverty rates are major factors. For example,
for the period 2014-2016, the PTB rate was 13.4% in
African-Americans compared to 8.9% for Caucasians.
Indeed African-Americans had a 49% higher rate of
PTB than all other races and ethnicities. (March of
Dimes 2021) [7].

PTB has severe economic costs on individuals and
society as a whole. It is greatest in countries with the
highest rate. In the USA for example, in 2015 hospital
charges for infants totaled $16.8 billion; premature
infants accounted for half of the hospital charges for
all infants and the average charge for the most severe
stays was $77,000 compared to $1700 for an uncom-
plicated newborn. Indeed, initial hospitalization costs
varied between $576 972 (range $111 152-$576 972)
per infant born at 24 weeks' gestation and $930
(range $930-$7114) per infant born at term [8]. Not
included in these costs are the economic consequen-
ces of the longterm functional, neurodevelopmental,
behavioral and educational sequelae of preterm birth.

Approaches to prevention

Reducing the burden of preterm birth may be consid-
ered a difficult if not impossible task, but instituting
appropriate and timely preventative measures rather
than interventions to treat, offer the most cost-effect-
ive approach. There are two approaches to prevention
— primary (pre-pregnancy and during pregnancy) and
secondary, which include interventions to interrupt
preterm labor (PTL). Whichever the approach, an
understanding of the pathogenesis of PTL is a pre-
requisite for effective prevention. The traditional classi-
fication of preterm-birth as extreme (delivery before

28 weeks), very preterm (28-32weeks), moderate pre-
term (32-34weeks) and late preterm birth (34—
37 weeks) is oversimplification and preterm birth/labor
must be regarded as a result of complex interaction of
factors that results in variable phenotypes [9,10].

Preterm labor, therefore once considered a single
entity is now increasingly regarded as a condition of
various phenotypes which are characterized by varied
biochemical and physical characteristics of the mother,
fetus, and/or placenta that lead to and/or are present
at the time of birth [10]. Villar et al. [11] and Manuck
et al. [12] proposed different phenotypes of preterm
labor. Villar et al. identified 7 phenotypes while
Manuck identified 9 phenotypes. Interestingly when
each of these phenotypes was applied in clinical prac-
tice, it was easier to tailor interventions to interrupt
preterm labor [12]. It has therefore been concluded
from these approaches that phenotyping allows for
the identification of differences between very early
and early spontaneous preterm birth, the role of vari-
ous etiopathologies, and therefore more likely to lead
to the development of effective prevention and thera-
pies [12,13].

Primary prevention

The aim of this is to eliminate or significantly reduce
the risk factors in the mother and her environment
prior to pregnancy as well as during pregnancy.
Table 1 shows the impact of primary prevention on
the reduction of the risk of SPTB [5,14-16]

a. Pre-pregnancy: This must include optimizing the
health of the woman prior to pregnancy, reducing
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Table 1. Effectiveness of interventions in primary prevention (data are presented as the OR changes with each factor).

Risk Factor

How great is the risk?

Pregnancy in adolescents

Birth spacing

e Short interval (<6 months)
e Long interval (>24 months)
Pre-pregnancy weight status

e Underweight .
e Overweight and obese .

Increased prevalence of anemia, PIH, LBW prematurity, FGR and neonatal mortality

PTB OR-1.45, LBW OR-1.65
PTB OR-1.21, LBW OR-1.37

PTB OR-1.32, LBW OR-1.64PTB OR-1.07.
Maternal overweight is a risk factor for many pregnancy complications such as

LBW, GDM, Congenital malformations (that may themselves lead to PTB)

Micronutrients deficiency

e Folate .

e lron .
Chronic illness

e Diabetes mellitus .

e Hypertension e LBW
e Anemia

Poor mental health and intimate partner violence
Infectious diseases such as HIV/AIDS, STIs, Rubella, syphilis etc.
Smoking and recreational drug use

Folate deficiency linked to neural tube defects
Anemia increases risk of PTB and LBW

Increased risk of SB, PNM, Congenital malformations, PTB, PIH/PET
Increased risk of PTB, LBW, depression during pregnancy and after birth

Spontaneous miscarriages, congenital malformations and PTB
PTB OR-2.2

Increased risk of miscarriage, placental disorders, congenital malformations LBW

OR: Odds ratio; PTB: preterm birth; LBW: low birth weight; PIH: pregnancy-induced hypertension; PET: pre-eclampsia; PNM: perinatal mortality; SB: still-
birth; STI: sexually transmitted infection, HIV/AIDS: human immunodeficiency virus/Acquired immune deficiency.

pregnancy in adolescents and unintended preg-
nancies, and promoting birth spacing. In a recent
study, from high-income countries, Tessema et al.
[17] showed that inter-pregnancy intervals of < 6
months were associated with a significantly
increased risk of PTB. Other pre-pregnancy meas-
ures include better planning of pregnancies (preg-
nancy by choice rather than by accident),
optimizing maternal weight, promoting healthy
nutrition including fortification/supplementation
of essential foods with micronutrients, and pro-
moting vaccination of children and adolescence
[5]. Additionally, risk factors for preterm birth
should be identified and eliminated if possible
prior to conception. These include screening for,
diagnosing, and managing mental health disor-
ders and preventing intimate partner violence,
screening for and treatment of STls and HIV/AIDS;
promoting cessation of smoking and recreational
drug use including exposure to secondary smoke
and screening for and managing chronic disease
such as diabetes mellitus, hypertension, etc [5].

b. Pregnancy: Encouraging early booking for ante-
natal care, screening for risk factors and eliminat-
ing them, and managing complications when
they arise such as anemia (as shown in the sys-
tematic review and meta-analysis by Rahmati
et al. [18]

Secondary prevention

This focuses primarily on those at risk of spontaneous
preterm birth (SPTB) although there is an increasing
realization that since PTB occurs in a significant

number of women without risk factors, screening
should be considered universal (i.e. can be extended
to the general population). Those at risk for interven-
tions include previous pregnancy loss >16weeks or
preterm birth, short cervix, history of 3 or more previ-
ous mid-trimester miscarriages, cervical trauma (such
as trachelectomy and cone biopsy), incidental finding
of a short cervix or presenting with a dilated cervix
and multiple pregnancies.

(a) Previous loss >16 weeks (previous miscarriage
or spontaneous delivery >16 weeks)

While most preterm births occur in previously uncom-
plicated or first pregnancies, one of the most predict-
ive risk factors are previous preterm birth. Following a
previous spontaneous PTB (SPTB) the risk of recurrent
is approximately 14%; this rises exponentially to 30%
after two previous PTBs and to 40% after 3 [19]. There
is a tendency for these to recur with the rates higher
for earlier gestations [20] and also related to causes
such as cervical weakness/insufficiency [19]. If this is
indeed the case, can the identification of those at risk
of having cervical weakness/insufficiency be followed
by timely interventions to reduce the risk of SPTB?
Those that are likely to have a weak/insufficient cer-
vix can be identified from (a) history - including previ-
ous mid-trimester miscarriages, previous preterm birth
or cervical trauma from surgery such as trachelecto-
my/cone biopsy (b) asymptomatic/symptomatic (dila-
ted/short cervix) identified as part of routine anomaly
ultrasound evaluation or in those presenting with pre-
term labor and (c) those presenting as emergency
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with a dilated cervix, contracting or passing a show or
mucus [21,22].

The first evidence of cervical weakness/insufficiency
as a cause of preterm birth was reported in 1678,
however, it was almost 200years later that GT Gream
associated cervical trauma with cervical weakness in a
publication titled “Dilatation or division of the cervix
uteri” [23]. It then took nearly one century before
Shirodkar VN published his seminal experience with
cerclage that the possibility of intervention to reduce
preterm birth in those with cervical weakness/insuffi-
ciency was considered possible [24]. Two years later
McDonald reported on the modified cerclage tech-
nique [25]. In the period that followed, the use of cer-
vical cerclage gained widespread adoption without
robust evidence including in women who had had
one mid-trimester miscarriage.

The key question then was whether a history of a
mid-trimester miscarriage or preterm labor was diag-
nostic of cervical weakness/insufficiency and thus an
indication for cervical cerclage? The RCOG/MRC
randomized controlled trial was the first multicenter
study to address this. It concluded that “the operation
had an important beneficial effect in 1:25 (95% Cl
1:12-1:300) cases [26]. lts use is associated with
increased medical intervention and puerperal pyrexia.
Nevertheless, this trial suggests that on balance, cer-
vical cerclage should be offered to women at high
risk, such as those with a history of three or more
pregnancies ending before 37 weeks.” This trial was
criticized for several reasons including heterogeneity
of the population studied, the selection criteria, and
the type of cerclage used. Despite this, it remained
the evidence-basis for recommending interventions in
women with a history suggesting cervical weakness/in-
sufficiency. Subsequent sub-analysis did confirm the
benefit of cerclage in those with three of more
mid-trimester losses - the so-called history indicated
cerclage [22,27].

The advent of cervical assessment with ultrasound
provided an opportunity to evaluate the validity of
the RCOG/MRC trial findings. Althiusius et al. [28] from
Amsterdam, in the cervical incompetence prevention
randomized cerclage trial (CIPRACT) showed that
“Transvaginal ultrasonographic serial follow-up exami-
nations of the cervix in women at risk for cervical
incompetence, with secondary intervention as indi-
cated, was a safe alternative to the traditional
cerclage.” They further stated that “transvaginal ultra-
sonographic follow-up examination of the cervix could
save the majority of women from un-necessary inter-
vention and that placement of a cerclage could

reduce the incidence of preterm delivery <34 weeks.”
These seminal observations were followed by several
studies including those by Berghella et al. [29] and
Berghella and Mackeen [30], which showed that up to
60% of women with a prior history of pregnancy loss
>16weeks did not shorten and therefore in this
group, only 40% would benefit from cerclage. This
conclusion was further confirmed in a meta-analysis in
2011 by Berghella et al. [31]. Consequently, current
recommendations are for serial cervical assessment
from 14 weeks of gestation in women with a history of
pregnancy loss >16weeks. For these women, a cer-
vical cerclage is indicated if the cervical length is
<25mm before 28weeks of gestation [22,31]. For
those with a cervix >25mm, there is no evidence of
benefit from any intervention [32].

Is cervical cerclage the only option for those with
ultrasound-diagnosed cervical shortening? In the
2000s several studies reported on the potential effi-
cacy of progesterone in reducing the risk of SPTB in
women with a short cervix. The seminal paper by
Conde-Agudelo et al. [33] showed that vaginal proges-
terone was as effective as cervical cerclage in those
with an ultrasound-proven short cervix. Currently,
therefore this is an alternative to cervical cerclage.
There were no differences in the efficacy of vaginal
progesterone versus cerclage in women with a cervix
< 25mm in all the outcomes measured [33]. In an
updated systematic review and meta-analysis, compar-
ing vaginal progesterone, intramuscular 19-OHPC,
cerclage, and pessary, Jarde et al. [34] concluded that
“vaginal progesterone was the only intervention with
consistent effectiveness for preventing preterm birth
in singleton at-risk pregnancies overall and in those
with a previous preterm birth.” In a more recent net-
work systematic review and meta-analysis, Care et al.
concluded that for singleton pregnancies identified to
be at high risk of spontaneous preterm birth either
because of a history or SPTB or a short cervical length,
vaginal progesterone should be considered the pre-
ventative treatment of choice [27].

Progesterone can be administered either paren-
terally or intravaginally. Sacconne et al. [35] in a sys-
tematic review of studies comparing the efficacy of
vaginal versus intramuscular progesterone in the pre-
vention of SPTB in those with an ultrasound shortened
cervix concluded that daily vaginal progesterone
(either as a suppository or gel) started from 16 weeks’
gestation is a reasonable, if not a better alternative to
weekly 17-OHPC injection for the prevention of SPTB
in women with a singleton pregnancy and prior SPTB.
Romero et al. [36] in their updated meta-analysis that



included data from the OPIMUM trial concluded that
vaginal progesterone decreases the risk of preterm
birth before 34 weeks in women with singleton preg-
nancy and a short cervix. The RCOG [21], NICE23, [23]
and the SMFM [37] recommend offering prophylactic
vaginal progesterone or prophylactic cervical cerclage
to women who have both (a) history of SPTB (<34™°
weeks or) or mid- trimester loss (from 16"° weeks
onwards) and (b) cervical length of <25mm on TVS at
1617°-24%° weeks. In these women, this should be
started between 16" and 24™° weeks and continued
until at least 347° weeks [21,22,37,38]. For those with
a cervical length of 25mm or less between 16 and
26" and a history of PPROM or cervical trauma,
prophylactic cerclage should be considered [22]. These
women should have serial follow-up with USS moni-
toring of cervical length, best started at 13-14 weeks
and then 1-2 weekly until 28 weeks rather than cerc-
lage electively. In those requiring cervical cerclage,
either a Shirodkar or McDonald suture is equally
effective. However, where the woman has had a failed
cerclage, then the best option would be transabdomi-
nal rather that a high (Shirodkar/double McDonald)
cerclage. In the recently concluded MAVRIC trial,
Shennan et al. [39] showed that “transabdominal cerc-
lage - inserted laparoscopically or by laparotomy and
either as an interval procedure or during pregnancy is
the treatment of choice for women with failed vaginal
cerclage.” They showed that this was superior to high
vaginal cerclage in the reduction of early preterm
birth and fetal loss in women with a previous failed
vaginal cerclage. High vaginal cerclage does not con-
fer this benefit.

An alternative to progesterone and cervical cerclage
in these high risk women is the cervical pessary
(Arabin pessary). Although early studies had suggested
that this may indeed reduce the risk of SPTB, recent
studies [40] and systematic reviews and meta-analysis
have concluded that the use of the cervical pessary
(Arabin pessary) does not prevent SPTB or improve
outcome in high risk pregnancies [31,41]. Despite
these conclusions, the recently published network sys-
tematic review and meta-analysis by Care et al. [27]
showed that the pessary reduced the risk of SPTB with
only moderate certainty with an aOR of 0.65 (95%Cl
0.39-1.08). On balance, therefore this should not be
considered in this high-risk group.

(b) Asymptomatic

Since a significant proportion of women who deliver
preterm have no history, it has been suggested that
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all women should have a cervical assessment at the
time of their anomaly ultrasound scan [42]. In those
with a short cervix (defined as <25mm) the question
is whether to insert a prophylactic cerclage or not. A
systematic review by Berghella et al. [43] concluded
that “in singleton gestations without a prior spontan-
eous PTB, but with a cervical length of <25mm in the
second trimester, cerclage does not seem to prevent
preterm delivery or improve neonatal outcome.
However, in these pregnancies, cerclage seems to be
efficacious at lower cervical lengths, such as <10mm
and when tocolysis or antibiotics are used as add-
itional therapy.” A more recent study by Gulersen
et al. [44] confirmed these meta-analysis findings and
concluded that cervical cerclage should be considered
in asymptomatic women with an extremely short cer-
vical length (<10mm). In a previous study in 2020 the
same group [45] had followed-up asymptomatic
women with a short cervix (<25mm) at 23-28 weeks’
gestation in an effort to determine the interval from
identifying a short cervix to delivery and showed that
the risk of SPTB in asymptomatic women with a sono-
graphic short cervix increased as cervical length
decreased. The risk was substantially higher in women
with a cervical length of <10mm. Women with a cer-
vical length of <10mm also had the shortest interval
to delivery. Furthermore, they found that delivery
within 1 or 2weeks was highly unlikely regardless of
the cervical length at the time of enrollment. They
suggested from their findings that management deci-
sions such as timing of the administration of antenatal
corticosteroids in asymptomatic women with a cervical
length of <25mm at 23-28 weeks’ gestation may be
delayed until additional indications were present. Over
80% of those with a cervix <10mm went on to have
preterm delivery. On the basis of these findings, they
recommended that for asymptomatic women (i.e.
those with no previous history) and a cervix that is
>10mm and <25mm at <28 weeks’ gestation, vaginal
progesterone should be the primary treatment as
there is no benefit from cervical cerclage but if the
cervix is <10mm then cerclage is recommended as
80% of these will delivery <34 weeks.

(c) Cervical length in symptomatic (presenting
with contraction)

In women presenting with threatened preterm labor
(i.e. with uterine contractions), a high proportion will
not progress to deliver. Identifying those who will pro-
gress to deliver in the absence of interventions is an
important step in management. Would assessing the
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cervix identify those who will progress to deliver and
therefore enable institution of preventative measures?

Several prospective studies have investigated the
value of cervical length measurement in these women.
When the data from these studies were put together
in a meta-analysis, Berghella et al. [43] concluded that
there is a significant association between knowledge
of TVS CL and lower incidence of PTB and later gesta-
tional age at delivery. They further found a significant
36% reduction in the primary outcome (associated
with interventions). Ho et al. [46] in a prospective
study titled “Prediction of time of delivery using cer-
vical length measurements in women with threatened
preterm labor” concluded that “cervical length meas-
urement at the time of presentation was significantly
associated with the risk of preterm delivery in women
presenting with threatened preterm labor and a short
cervix”. Cervical length measurement was also helpful
in predicting time of delivery within 14days from
presentation. The negative predictive value and pre-
dictive accuracy of CL as a single measure were signifi-
cant. Wong et al. [47] in a similar follow-up study
found that using a cut off of 27.5mm at presentation
predicted deliveries within 1week in 78% of their
cohort. Furthermore, a repeat measurement of
<27.5mm a day after admission predicted delivery
within a week in 100% of cases. While the numbers
from these studies are small, they provide a compel-
ling approach to assessing the cervix in those present-
ing with preterm labor.

Where transvaginal assessment of the cervix is not
available, consideration must be given to the use of
biochemical point-of-care tests to diagnosis labor.
Table 2 shows the various biomarkers for diagnosis of
PTL and their sensitivity, specificity, PPV and NPV. In
clinical practice ofFN and IGFBP-1 are the two most
commonly used. Oncofetal fibronectin (ofFN) should
be offered to women presenting at <30™° weeks and
in whom cervical length measurement is indicated but
is not available to determine the likelihood of delivery
within 48 h. ofFN test is negative if it is <50ng/m
implying that delivery is unlikely but if positive

(>50ng/ml) the woman should be managed as in
labor and delivery anticipated [22].

(d) Multiple pregnancies

Multiple pregnancy is an important risk factor for
spontaneous preterm birth (SPTB) and the gestational
age at delivery falls with increasing number of fetuses.
The rate of SPTB before 37 weeks of gestation is 7-
12% in singletons and increases exponentially to 50-
60% in twins, 80-95% in triplet pregnancies and to
100% in quadruplet or more pregnancies [48,49].
Prevention of SPTB must therefore include avoidance
of iatrogenic multiple pregnancies especially those of
higher order (3 or more). Several authorities/societies/-
bodies have, in a drive to influence the rate of SPTB,
recommended and in some cases legislated for single
embryo transfer in assisted reproduction techniques
(ART). Where there are 3 or more fetuses, there is gen-
eral support for selective reduction. Despite this, ART
remains unregulated in several parts of the world
where unfortunately there are inadequate facilities for
neonatal care/support, meaning morbidity and mortal-
ity are higher with preterm delivery.

While the drive to reduce multiple pregnancies has
affected SPTB in some societies, emphasis has also
been on how to reduce this in spontaneous multiple
pregnancies especially twins. The options that have
been investigated especially in twin pregnancies
include routine cervical length monitoring with or
without cervical cerclage, use of the mechanical devi-
ces (the Arabin vaginal pessary) and the administra-
tion of progesterone.

The evidence for use of cervical length as a screen-
ing tool comes from two groups of patients - those
who are either asymptomatic or present with threat-
ened labor (symptomatic). In the asymptomatic group,
previous studies reported conflicting conclusions on
the value of cervical length measurement, however, in
a meta-analysis in 2010, Conde-Agudelo et al. [50]
concluded that “in asymptomatic women with twins, a
cervical length <25mm at 20-24 weeks was associated
with a 25% risk of delivery <28weeks of gestation.”

Table 2. Accuracy of various biomarkers for the diagnosis of PTL.

Biomarker (Test) Sensitivity Specificity Positive predictive value (PPV) Negative predictive value (NPV)
ofFN 65 97 38-50 92-99

IGFBP-1 70 90-100 50 91-96

IL-6 76 79 65 87

IL-8 62 74 53 80

CRH 50 88 85 -

ACTH 68 88 88 -

CRP 54 81 74 64

Estriol 71 77 - -

S Relaxin 27 96 78 72




These conclusions were supported by another system-
atic review by Lim et al. [51] who also concluded that
in asymptomatic women with a twin pregnancy, a cer-
vical length measurement at 20-24 weeks of gestation
was a good predictor of spontaneous preterm birth.”
In a sub-analysis, Conde-Agudelo et al. [52] showed
that where the cervical length was <20mm at 20-
24 weeks, the risk of spontaneous delivery was 42%
before 32 weeks and 62% before 34 weeks. However,
when repeated measurements were made to assess
changes in cervical length, it was concluded that
shortening of the cervix over time had low predictive
accuracy for preterm birth at <34 weeks. In an individ-
ual patient data (IPD) meta-analysis published in 2015,
Kindinger et al. [52] in an analysis of 12 twin cohorts
showed that a cervical length <30mm at 18 weeks of
gestation was most predictive of spontaneous preterm
birth <28 weeks of gestation. When the cervical length
measurements were made >=22weeks, the predic-
tion of later SPTB (28-34weeks) was much better.
From this analysis, they recommended cervical length
measurements in twin pregnancies from 18 weeks of
gestation but only for single measurements. In a more
recent study Meller et al. [53] in a single center study
concluded than serial measurements showed a better
performance than a single one in mid-gestation for
the prediction of SPTB. A single CL measurement in
mid-gestation was the worst predictor of SPTB but
measurement at 28 weeks predicted SPTB in 50% of
cases (<25mm).

The Society for Maternal-Fetal Medicine (SMFM) rec-
ommends that “routine cervical length screening in
multiple pregnancies is not indicated,” [38] while the
International Society for Ultrasound in Obstetrics and
Gynecology (ISUOG) states that “for twin pregnancies,
cervical length measurement is the preferred method
of screening for preterm birth in twins; 25 mm is the
cut off most commonly used in the second trimester.”
[54] It would seem that there is no consensus on the
use of cervical length monitoring in twin pregnancies
primarily because the data available do not provide
convincing evidence of benefits.

Where cervical length monitoring has been insti-
tuted the crucial question has been how to manage
those women with a short cervix. Reports of the bene-
fits of various options have remained contradictory. In
a meta-analysis of the value of vaginal progesterone
in those with a short cervix, Romero et al. [55] con-
cluded that ‘administration of vaginal progesterone to
asymptomatic women with a twin gestation and a
sonographic short cervix in the mid-trimester reduces
the risk of preterm birth occurring at <30-<35
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gestational weeks, neonatal mortality and some meas-
ures of neonatal morbidity, without any demonstrable
deleterious effects on childhood development. More
recently in a randomized double-blind trial in 14
centers, Caritis et al. [56] and a systemic review and
meta-analysis [57] concluded that “treatment with
intramuscular 17-alpha-hydroxyprogesterone caproate
versus placebo did not reduce the rate of preterm
birth in women with triplet pregnancy.” Rehal et al.
[58] in a randomized trial of early vaginal progester-
one versus placebo in women with pregnancies
showed that universal treatment with vaginal proges-
terone did not reduce the incidence of spontaneous
preterm birth between 24™ and 33"° weeks' gesta-
tion. However, in a post hoc time-to-event analysis,
they showed that progesterone may reduce the risk of
SPTB before 32 weeks’ gestation in women with a cer-
vical length of <30mm.”

With regards to comparing vaginal progesterone
with other preventative options, Roeckner et al. [59]
performed a systematic review and quantitatively
compared efficacy and perinatal outcomes of cervical
pessary, cervical cerclage, vaginal progesterone and
injectable progesterone for the prevention of preterm
birth <35 weeks in women with twin pregnancy and a
sonographic short cervix. They showed that when
compared with the other agents, vaginal progesterone
appears to be the most effective in lowering the risk
of preterm birth in twin gestations with a sonographic
short cervix while placement of a cerclage appears to
elevate the risk. Indeed, Roechner et al. [60] recom-
mended that in twin pregnancy, vaginal progesterone
should be the agent of choice in those with a short
cervix.

As for the use of mechanical devices, the recently
concluded randomized trial by Norman et al. [61] con-
cluded that mechanical devices such as the Arabin
pessary do not decrease preterm birth in women with
twin pregnancies and therefore should not be
offered/used.

Norman et al. [62] undertook a randomized, dou-
ble-blind, placebo-controlled study and meta-analysis
of Progesterone for the prevention of preterm birth in
twin pregnancy (STOPPIT). 500 women with twin preg-
nancies recruited from nine UK National Health Service
hospitals were randomized either to daily vaginal pro-
gesterone gel 90mg (n=250) or to placebo gel
(n=250) for 10weeks from 24 weeks’' gestation. The
combined proportion of intrauterine death or delivery
before 34 weeks of pregnancy was 24.7% (61/247) in
the progesterone group and 19.4% (48/247) in the pla-
cebo group (odds ratio [OR] 1.36, 95% ClI 0.89-2.09;
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p=0.16). The rate of adverse events did not differ
between the two groups. A meta-analysis including
these data generated a pooled OR of 1.16, 95% ClI
0.89-1.51). These data suggest that progesterone,
routinely administered vaginally, does not prevent
preterm birth in women with twin pregnancies (who
do not have a short cervix). Indeed NICE in its guide-
line in 2019 did not recommend cervical length
screening in twin pregnancies not only because of
some inconsistencies between studies with evidence
suggesting that cervical length was a moderate pre-
dictor of spontaneous preterm birth in twin preg-
nancy but also because establishing that a woman is
at risk of preterm birth ought to allow an interven-
tion to be offered, and the evidence that such an
intervention like vaginal progesterone may reduce
this risk in subgroups of women with a short cervix
was inconsistent [22].

Conflicting data from using vaginal progesterone
may be linked to the varied doses of progesterone in
the studies. The “Vaginal Progesterone for the
Prevention of Preterm Birth in Twins (POPPET)” trial will
hopefully address this as it randomizes 200 mg versus
400mg [ClinicalTrials.gov Identifier: NCT03540225.
Completion date Dec 2022] [63].

Interestingly in a recent retrospective study, Zhang
et al. [64] developed a dynamic model to predict the
risk of spontaneous preterm birth at < 32weeks in
twin pregnancy using maternal demographic charac-
teristics, transvaginal cervical length and funneling at
20-24 weeks. When this model was applied to a
cohort of 252 women with twin pregnancy, it pre-
dicted SPB <32 weeks with a sensitivity of 80.0%, spe-
cificity of 88.17%, positive predictive value of 50.33%
and negative predictive value of 96.71% - much better
than single variables. They concluded that using such
a validated dynamic nomogram model to predict the
individual probability of early preterm birth better rep-
resented the complex etiology of preterm labor and
should hopefully improve its prediction and indication
of interventions. More studies are needed to affirm
these interesting observations.

Notwithstanding the limitations in the current evi-
dence on the prevention of SPTB in multiple pregnan-
cies (twins), we recommend a pragmatic approach
that includes a transvaginal cervical assessment at 16—
24 weeks and then offering either vaginal progester-
one or cerclage to those with a cervical length of
< =25mm. For those with twins and a previous history
of SPTB, vaginal progesterone should be offered from
16 weeks of gestation. In those with triplet pregnan-
cies, since the risk of SPTB is over 80%, we would

recommend routine use of vaginal progesterone from
14-16 weeks irrespective of the cervical length.
Vaginal progesterone should be continued until at
least 32 weeks of gestation.

Infections and Preterm labor

Infections are an important cause of preterm labor
[22]. Just how common these are in those presenting
with a short cervix and how they can be identified
remains a major challenge. Romero et al. [65] who
advocate amniocentesis for these women showed that
intra-amniotic infections were present in 52% of cases.
In some of these cases there was no evidence of
inflammation [66]. The most common organisms were
Ureaplasma urealyticum, Gardinella vaginalis, Candida
albicans and Fusibacterium spp [67]. Among the
women with a negative amniotic fluid culture, 55%
delivered after 34 weeks of gestation. Various other
studies have also shown high infections rates, though
not as high as 52%. Where organisms were not identi-
fied, inflammation was found to be present in a high
proportion of case.

Based on these observations, it would seem logical
to exclude infections in women presenting with pre-
term labor and a short cervix or those with an asymp-
tomatic short cervix especially if cerclage is considered
since such a procedure may be associated with severe
morbidity and mortality if there is infection/inflamma-
tion (e.g. higher chance of membrane rupture, pre-
term labor and possible severe maternal infectious
morbidity). The only way to make the diagnosis of
intrauterine infection or inflammation is by amniocen-
tesis followed by gram stain, WBC, test for glucose,
cytokines and/or culture [67]. Increasingly there are
many new rapid point-of-care tests that can be per-
formed such as those for interleukin 6 and MMP-8
generating immediate results that could guide man-
agement. The problem is that not many patients will
accept amniocentesis and not many obstetricians are
willing to offer it. With the identification of infections,
do antibiotics reduce the risk of preterm birth? Joon
et al. [67] undertook a prospective study of 22 women
who had (1) singleton pregnancy; (2) painless cervical
dilatation of >10mm between 16.0 and 27.9 weeks of
gestation; (3) intact membranes and absence of uter-
ine contractions, (4) transabdominal amniocentesis for
the evaluation of the microbiologic and inflammatory
status of the amniotic cavity and antibiotic treatment
(ceftriaxone,  clarithromycin, and  metronidazole)
administered parenterally. Follow-up amniocentesis
was routinely offered to monitor the microbiologic



and inflammatory status of the amniotic cavity.
Treatment success was defined as the resolution of
intra-amniotic  infection/inflammation or delivery
>34 weeks of gestation. It was concluded that in
patients with cervical insufficiency and intra-amniotic
infection/inflammation, administration of antibiotics
(such as a combination of ceftriaxone, clarithromycin,
and metronidazole) was followed by resolution of the
intra-amniotic inflammatory process or intra-amniotic
infection in 75% of patients and was associated with
treatment success in about 60% of cases. It would
therefore seem reasonable to consider empirical anti-
biotics in those with a short/dilating cervix especially
where an emergency cerclage is being considered
(where amniocentesis has not been performed).

While amniocentesis is the gold standard for identify-
ing intra-amniotic infection/inflammation, ultrasound has
increasingly been able to identify a sub-population of
women with possible intra-amniotic infections based on
the presence of a 'sludge” defined by Romero et al. [68]
as sonographic appearance of echogenic, dense free-
floating aggregates of debris within the amniotic cavity
(Figure 2). Kusovanovic et al. [69] published a series on
the significance of the sludge in SPTB and showed that
the shorter the cervix the more likely this was present

1 D182cm

Figure 2. Transvaginal ultrasound scan demonstrating an
intra-amniotic sludge above the internal cervical os (A and B -
sludge of different sizes).
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and furthermore the presence of a sludge was signifi-
cantly associated with SPTB <32 weeks. These observa-
tions have been confirmed by others [70-72]. In a more
recent case report by Yeo et al. [73], antibiotics were
administered to a woman with a sludge and dilated
short cervix and not only did the sludge disappear but
the cervix returned to normal and the pregnancy pro-
gressed to term. However, Ryan et al. [74] 2020 in a
large series failed to demonstrate benefits from antibiot-
ics in these women. Thus, while the presence of a
sludge may be considered an indication for antibiotics
especially where the cervix has started coning or short-
ening, there is a need for more data for robust conclu-
sions to be made.

Interventions in those presenting with dilated
cervix

A proportion of women, with or without a prior history
will present with a dilated cervix and often bulging
membranes. Previously, these women were offered bed
rest which proved ineffective but the emergency/res-
cue/physical examination indicated cerclage has been
shown to prolong some of the pregnancies and indeed
allow for the administration of corticosteroids [21,22].
Althuisius et al. [75] in a randomized trial showed that
when compared to bed rest in women presenting
before 27 weeks, with loss of cervical mucus, vaginal
pressure, mild/no contractions, and visible membranes
on speculum examination) cervical cerclage was effective
in reducing the rate of PTB. Several other studies have
confirmed these seminal observations [76,77]. The prob-
lem is often technical — how to reduce the membranes
prior to inserting the cerclage without rupturing them.
Several approaches have been used with varying
degrees of success to reduce bulging membranes prior
to emergency cerclage insertion [78]. These include
amniocentesis [79] either transvaginally (through bulging
membranes) [80] or transabdominal; using a metreur-
ynter with the patient in the knee-chest position [81];
amniocentesis after filling of the bladder [82]; Foley cath-
eter (or wet sponge and ovum forceps [83-85]; sterile
cellular porcine implant [86] and pulling margins of the
dilated cervix over the bulging membranes without
touching them [78]. More recently Lv et al. [87] reported
on the use of a purposely designed uni-concave balloon
for reduction of bulging membranes with good results.
The advantage of this device is mainly with in its
approach to membrane reduction with minimal risk of
rupture, however, it is likely to be more expensive than
other conventional approaches. Figures 3 illustrates the
application of this device. Irrespective of the approach,
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it is now generally accepted that with cervical dilatation
and bulging membranes, the outcome with an emer-
gency cerclage is better than with conservative man-
agement [15]. The timing for this intervention is in
general between 16"° and 27"° weeks [22] but may
be modified depending on the facilities for neonatal

care (i.e. could be extended upwards). Infections are a
common cause of the cervical changes (shortening and
dilatation) in these patients, hence this procedure
(reduction of bulging membrnaes and insertion of cerc-
lage) should be covered with a course of antibiotics —
preferably a combination against gram negative gram

SURGEON’S CORNER siogors

Use of a uniconcave balloon in emergency cerclage

Ga-Hyun Son, MD%; Kylie Hae-Jin Chang, MD; Ji-Eun Song, MI; Keun-Young Lee, MD, PRD

Fatiogh el Fviousdd spenalios svin sidasmpen fudiven fiodos

A Buging fetal membranes are chserved. B, Inflated balloon gantly pushes 1etal membranes back into utens. C, Once fetal membranes are back in

uierus, sutures are placed in accordance with McDonaid technigue. D, Purse-string suture s tied &s deflated baloon is withdrawn from cenix.

San. Uniconvay hellown b evmemprecy covcloge, Am | Obeset

i 2073

Figure 3. Placement of balloon to reduce membranes prior to cerclage insertion with Uniconcave catheter (Courtesy of Lv et al.

2000) [77].



positive and anaerobes. A typical combination will
include ceftriaxone, clarithromycin and metronidazole
(see infections above).

Preterm premature rupture of fetal
membranes (PPROM)

PPROM precedes spontaneous preterm birth in about a
third of cases [88]. While this cannot be prevented, the
consequences can be minimized through appropriate,
reliable and timely diagnosis followed by monitoring
and delivery when appropriate. The diagnosis of rup-
tured membranes is clinical with confirmation of fluid
coming through an exposed cervix with a speculum or
a pool of clear fluid in the posterior fornix [22]. Where
no pooling is seen in the posterior fornix or coming
through the cervix (i.e. the diagnosis is uncertain from
clinical examination), biochemical point-of-care (bed-
side) test with placental alpha microglobulin-1 (PAMG-
1) or insulin-like growth factor binding protein-1
(IGFBP-1) test of vagina fluid should be used [22,89].
Vital in those with confirmed PPROM is the exclusion of
co-infections especially with group B hemolytic strepto-
coccus. Screening for infections must therefore be
undertaken especially in those presenting <34 weeks of
gestation. The presence of GBS has been shown to
increase the rate of preterm delivery 3-fold in those
presenting before 32weeks of gestation [90].
Identification of specific infectious organisms will deter-
mine the type of antimicrobial therapy to be offered
but without results, the women should be placed on a
combination such as ampicillin and erythromycin (or
1g azithromycin as a single dose if erythromycin is
unavailable) for about least 5-7 days [22,91,92].

Once the diagnosis has been confirmed, manage-
ment will depend on the gestational age and associated
complications (fetal or maternal). In general, for PPROM
after 37° weeks of gestation, management is often
conservative for 24 h and if spontaneous labor does not
start, it should be induced. For pregnancies <37"°
weeks, where there are no complications, expectant
management is recommended [89,91]. For those below
3419 weeks, a course of corticosteroids should be given
and managed expectantly. Consideration should be
given to administering corticosteroids to those between
347 and 357 weeks. Management of PPROM is out-
side the scope of this review.

Tocolysis

The role of tocolysis in prolonging pregnancy has
been reviewed in several meta-analysis and there is
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no evidence of significant prolongation of pregnancy,
however their use allows time for the administration
of corticosteroids to improve morbidity in the neonate
and when appropriate in-utero trnasfer [93]. Where
tocolysis is to be used it should be offered to those
between 26 and 337 [22]. The tocolytics of choice
are nifedipine and the oxytocin antagonist — atosiban.
Magnesium sulfate should be given to those between
24" an 29%° and considered for those between 23™°
and 237° and 30"° and 33%° weeks primarily for neu-
roprotection [22].

Free fetal DNA and increased risk of preterm
labor

Cell-free deoxyribonucleic acid (DNA) is widely used
to screen for fetal aneuploidy. Most of fetal cell-free
DNA (cfFDNA) in the maternal blood is released
from the syncytiotrophoblast as a result of cellular
apoptosis and necrosis. Elevated levels may be indi-
cative of underlying placental dysfunction, which
has been associated with preterm birth [94]. While
studies have demonstrated that cfFDNA is increased
in pregnancies complicated by spontaneous preterm
birth [95,96], there are limited data on the associ-
ation between cfFDNA levels and preterm birth in
asymptomatic women in the first and second trimes-
ters. Studies have failed to find an association
between first-trimester cfFDNA levels and preterm
birth [97,98]; but there is conflicting evidence asso-
ciating elevated second-trimester cfFDNA levels with
subsequent spontaneous preterm birth. In a retro-
spective study of 1349 women with singleton preg-
nancies at increased risk for aneuploidy who had
cell-free DNA testing at 10-20 weeks’ gestation, [99]
119 (8.8%) delivered preterm birth [prior to
37 weeks] with 49 cases (3.6%) delivering prior to
34weeks. There was no significant association
between fetal fraction and preterm birth for cfFDNA
levels measured at 10-14 weeks’ gestation, however,
there were significant associations for measurements
at 14.1-20.0 weeks’ gestation. cfFDNA levels greater
than or equal to the 95th percentile at 14.1-20.0
weeks' gestation were significantly associated with
an increased risk for preterm birth less than 37 and
34 weeks' gestation (aOR 4.59; 95% Cl, 1.39-15.2;
aOR 22.0; 95% Cl 5.02-96.9, respectively). This
maybe more predictive for measurements made
after 20 weeks [94]. While these findings are encour-
aging more data are needed to confirm the possible
use of elevated cfDNA in the second trimester as a
biomarker for SPTB.
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Genetics and preterm labor

There is evidence that the duration of gestation and
the risk of preterm birth is influence by genetics
[100,101]. Twin and family studies for example, sug-
gest that 30 to 40% of the variation in birth timing
and in the risk of preterm birth arises from genetic
factors that largely but not exclusively reside in the
maternal genome [102-105]. Women who give birth
post-term are at increased risk for subsequent post-
term deliveries [106] and similarly, a maternal history
of preterm birth [107] is a strong risk factor for pre-
term birth. Taken together, these findings suggest that
individual influences that are stable over time contrib-
ute to variations in the length of gestation. These
influences could be genetic—either a woman’s contin-
gent of nuclear and mitochondrial DNA or the meta-
genome that she shares with her microbiome constitu-
ency—or they could reflect unchanging environmental
exposures [108]. Indeed, several studies have shown
that genetic factors are likely to be important not only
in isolation but also in combination with other genetic
or environmental factors. For example, variation in the
progesterone receptor has been implicated as a
maternal risk factor for SPTB though not consistently
[109-111]. Similarly, polymorphisms in genes that
encode inflammatory cytokines initially identified as a
possible risk factor have not been consistently associ-
ated with preterm birth [106]. More recently genome-
wide association studies investigating the genetic
associations with preterm birth have identified variants
at the EBF1, EEFSEC, AGTR2, WNT4, ADCY5, and RAP2C
loci associated with gestational duration and variants
at the EBF1, EEFSEC, and AGTR2 loci associated with
preterm birth [108]. If these are confirmed in further
studies, then potentially women at genetic risk of
SPTB could be identified prior to pregnancy or in early
pregnancy and appropriate steps taken to prevent
SPTB. There are currently no trials on how such genet-
ically identified at risk women should be managed to
reduce the risk of SPTB. This may partly be because
the evidence is still emerging and yet to be robust. It
is only when the evidence is strong enough that clin-
ical trials can be undertaken in this regard.

Cervical elastogrpahy

Advances in technology are enabling the trial of new
potential tools for identifying high-risk women for
SPTB. One such technology is elastography. The
E-Cervix™ (WS80A; Samsung, Seoul, Korea) elastogra-
phy is a quantification tool that allows for the meas-
urement of the stiffness ratio (HR) of the cervix using

strain elastography. In a study of 95 singleton preg-
nancies with threatened preterm labor and no prior
preterm birth, Nazzaro et al. [112] showed that women
who delivered preterm had significantly lower HR
compared to those who did not. They concluded that
cervical elastography with the E-cervix may be useful
for the assessment of women presenting to obstetrics
triage with threatened preterm labor. These are pre-
liminary and exciting data that need to be replicated
for use in clinical practice.

Corticosteroids

The evidence for the benefits of the use of antenatal
corticosteroids to accelerate fetal lung maturation in
women at risk of preterm birth is overwhelmingly in
support especially of a single course [113]. It is associ-
ated with a reduction in the risk of perinatal and neo-
natal death and RDS and intraventricular hemorrhage.
This evidence is robust, regardless of resource setting
(high, middle or low). While the immediate benefits
(i.e. especially in the neonatal period) are obvious, fol-
low-up studies of these children into child and adult-
hood to investigate any longer-term effects of
antenatal corticosteroids are less robust. In a recent
systematic review and meta-analysis of studies that
have investigated the long-term outcomes associated
with antenatal corticosteroid exposure, Nina et al. con-
cluded that while the use of corticosteroids is associ-
ated with improvements in neonatal morbidity,
greater emphasis must be placed on prevention espe-
cially as increasingly, evidence is emerging on the
potential harm (such as increased risk of neurocogni-
tive disorders and behavioral disturbances) of cortico-
steroids, especially in babies whose mothers were
given these but were delivered at term [114]. This
conclusions underlie the importance of long-term fol-
low-up studies especially those involving the pituitary-
adrenal axis.

Conclusion

Prevention of spontaneous preterm birth remains the
key tool for mitigating this important cause of peri-
natal morbidity and mortality and long-term health
problems. Primary prevention aims to improve mater-
nal health prior and during pregnancy while second-
ary prevention includes cervical length measurements
in those with a prior pregnancy loss after 16 weeks,
cervical trauma (trachelectomy or cone biopsy), identi-
fying those with a short cervix at routine ultrasound
scan or when they present with threatened preterm



labor and those presenting with a dilated cervix. For
all these women with cervical changes, a cerclage is
an option that has been shown to significantly delay
delivery even when the cervix is dilated and mem-
branes are bulging. The use of vaginal progesterone
has been shown to be as effective as cerclage in those
with a history of previous pregnancy loss >16 weeks
who are asymptomatic but have a short cervix. In twin
pregnancies it would seem that cervical length meas-
urement at around 18-20 weeks may identify those at
risk while for those presenting in threatened preterm
labor, cervical length measurement is a useful tool to
identify those who will progress to deliver and there-
fore require more intensive care, corticosteroids and
tocolysis. The advent of modeling is generating poten-
tial tools for use in stratifying women into high-risk
categories that would require closer monitoring. Such
models as those reported by Stocks et al. [115] will
allow for better planning and individualized care. This
would be supplemented by genetics and the use of
biomarkers such as free fetal DNA and possibly newer
biomarkers [116].
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