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Spontaneous Preterm Labour and Birth 1

Commentary

Despite the long-standing focus on its prevention, spontaneous preterm birth
(sPTB) remains the leading cause of neonatal death, and the second leading
cause of mortality worldwide in children below five years of age, after pneumo-
nia. Of those babies who survive, many have severe long-term physical and
neurodevelopmental morbidity. A central problem is that the causes of preterm
birth are multifactorial. About a third of preterm births are iatrogenic — that is,
the baby is delivered electively because of maternal disease such as hyperten-
sion, or concerns about fetal well-being (e.g. fetal growth restriction). The
causes of sPTB are equally varied, and include infection/inflammation, uterine
distension (e.g. multiple pregnancy), antepartum haemorrhage, cervical dys-
function, and social factors. This Element will deal with sPTB (including
preterm pre-labour rupture of membranes), concentrating on those aspects
potentially amendable to preventative intervention (i.e. cervical dysfunction
and premature uterine contractility).

The key to improving fetal outcomes for those at risk of sPTB are: first, the
accurate prediction of preterm birth (using history, cervical length assessment
using transvaginal ultrasonography, and biochemical tests of cervicovaginal
mucus); second, the prevention of preterm birth using cervical cerclage or
vaginal progesterone in selected cases; and, third, optimisation of outcomes
for women with threatened preterm birth, including delaying delivery using
tocolysis, administering antenatal therapy such as corticosteroids and magne-
sium sulphate for fetal lung development and neuroprotection, respectively, and
ensuring appropriate place of birth, particularly important for those infants born
at the extremes of viable gestation. Given that most women who present with
preterm contractions do not go on to deliver preterm infants, the challenge is to
accurately identify the appropriate recipients of these therapies, which do have
some unwanted side effects. The balance of benefit is entirely negative if they
are given to women who go on to deliver at term because the diagnosis of
preterm labour (PTL) was incorrect. In this context, transvaginal ultrasound and
fetal fibronectin testing are useful tools to assess risk and guide care. Preterm
pre-labour rupture of membranes, in particular, requires careful balancing of
clinical decision-making between optimising gestation of delivery for the infant
and avoiding maternal or fetal infective morbidity. This involves monitoring
closely for signs of chorioamnionitis, which, if diagnosed, necessitate urgent
delivery. Current research strategies are focussed on in-depth understanding and
individual phenotyping of the pathophysiology behind sPTB, in order to
improve strategies to identify those at risk and prevent preterm birth.
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2 High-Risk Pregnancy: Management Options

Definitions and Epidemiology

Preterm labour is defined by the World Health Organization (WHO) as the onset
of labour before 37 completed weeks or 259 days’ gestation, and after the
gestation of viability (this can be 22-8 weeks depending on definition and
setting).! Preterm birth (PTB) is the birth of an infant before 37 completed
weeks’ gestation. Spontaneous PTB (sPTB) encompasses spontaneous onset
of uterine contractions resulting in delivery, or preterm pre-labour rupture
of membranes (PPROM), which is spontaneous rupture of the membranes
before 37 completed weeks’ gestation and before the onset of contractions.
Spontaneous PTB accounts for approximately 70% of all preterm deliveries.”
The remaining 30% are iatrogenic (physician-initiated for maternal or fetal
health indications). Of sPTBs, just over 60% result from spontaneous onset of
contractions, and the remainder follow PPROM.? Only spontaneous prematur-
ity will be considered for this Element review.

The gestational endpoint of 37 completed weeks (i.e. 37"°) was defined by the
WHO as the beginning of ‘term’ from a statistical analysis of the distribution of
gestation of birth based on the first day of the last menstrual period.* However, in
terms of functional outcome, measured according to need for special care, while
continued functional improvement in the newborn occurs up to the due date
(e.g. babies born in the early term period at 37-8 weeks have more problems than
those born at 39-40 weeks),” the major improvement occurs at 34—7 weeks’
gestation in high-income settings, and there is a progressive rise in morbidity and
mortality rates the further from term that birth occurs.

Internationally, the following PTB categories are recognised by the WHO:
extremely preterm (<28 weeks), very preterm (28-32 weeks), and moderate to
late preterm (32—7 weeks).! Moderate and late PTB can be further split to empha-
sise late prematurity (34 to under 37 completed weeks) in contrast to moderate
prematurity (32-3 completed weeks).® Notably, even babies born at 37-8 weeks
have higher adverse outcome risks than those born at 39-40 weeks,” although this
may be related to the reason for delivery. Thus, being ‘born early’ should be seen as
a continuum rather than as an ‘all-or-nothing’ phenomenon.

Despite the long-term focus on its prevention, sPTB (resulting from
PTL or PPROM) remains the leading cause of neonatal death, and the second
leading cause of under-5 mortality, after pneumonia, worldwide. While reliable
global data are difficult to obtain, in 2010, an estimated 11.1% of all live births
globally were preterm,” representing 15 million births <37 weeks’ gestation and
responsible for over 1 million neonatal deaths per year.® It may also contribute
to at least 50% of neonatal deaths worldwide, as a risk factor for other causes of
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Spontaneous Preterm Labour and Birth 3

neonatal death (e.g. infection).” Globally, the incidence of PTB ranges from 5 to
18% with the greatest burden in developing countries. Worryingly, the inci-

dence of PTB is thought to be increasing in all regions with reliable data.®'"

Pathophysiology

Preterm birth is a complex health problem, with demographic, clinical, and
behavioural determinants of individual risk. While the precise mechanisms
are unknown, PTL may be initiated by a number of different factors with
distinct biological pathways. These include inflammation and infection (e.g.
clinical/subclinical chorioamnionitis, ascending genital tract infection, bac-

teriuria, and maternal systemic infection),'’-'*"?

steroid hormone (including
progesterone) imbalance, uterine distension (including multiple pregnancy
and polyhydramnios), cervical insufficiency, and placental vascular causes,
culminating in a common clinical scenario: cervical ripening, uterine contrac-
tions, and early birth.'* Precursors vary by gestational age," (85% of sPTB <28
weeks have evidence of subclinical chorioamnionitis) and by demographic and
environmental factors, modulated by genetic factors'>'®'”'®!% although the

cause remains undetermined in up to half of all cases.

Consequences of PTB
Fetal/Neonatal

The health consequences for a baby born preterm are far-reaching, particularly
for infants born at <32 weeks’ gestation (Figure 1). Gestational age is highly
related to outcome, both mortality and morbidity. The series of EPICure studies
examined short- and longer-term health outcomes of infants born between
20 and 26 weeks’ gestation in the UK and Ireland in 1995 and 2006 and
demonstrated increased survival and lower rates of disability with each add-

itional week of gestation.”"*'

Infants born at 23, 24, and 25 weeks’ gestation in
2006 had 19, 40, and 66% survival to discharge from hospital respectively
(as a proportion of all live births). Major morbidities associated with extreme
prematurity include respiratory distress syndrome (RDS), necrotising entero-
colitis (NEC), retinopathy of prematurity, and major cerebral injury (including
intraventricular haemorrhage). Longer-term problems include cerebral palsy,
neurodevelopmental delay, deafness, visual impairment, and chronic lung dis-
ease. The prevalence of long-term disability (neurodevelopmental impairment)

is also negatively correlated with the length of gestation.
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4 High-Risk Pregnancy: Management Options

Figure 1 Preterm infant born at 23 weeks’ gestation.

Reproduced by kind permission of the mother.

Maternal

Much of the maternal risk associated with prematurity is derived from the
inherent maternal pathology that precedes the birth, including preeclampsia,
antepartum haemorrhage and maternal infection. These may precipitate PTB
or necessitate iatrogenic delivery of the fetus by induction of labour or
caesarean section, which also carry their own risks for the mother. In particu-
lar, caesarean section of a very preterm infant carries a risk of significant
maternal morbidity related to a poorly formed lower uterine segment. Other
maternal risks include the complications of prophylactic interventions to
reduce the risk of sPTB (see later).

The psychological impact of premature birth on a woman, her partner, and
her family can be substantial. Threatened PTB frequently involves a protracted
hospital stay. This can involve geographic dislocation according to availability
of neonatal cots. There is tremendous anxiety and uncertainty regarding timing
of delivery and likely outcome. Extremely preterm infants have high mortality
and morbidity rates, often involving care in a high-dependency neonatal unit
with accompanied emotional upheaval and delayed maternal—infant bonding.
The longer-term emotional, physical, and social consequences of caring for an
infant with long-term chronic physical and developmental needs are difficult to
quantify. Apart from the profound impact on the children and their families,
additional consequences of PTB are the enormous economic consequences for

health services.?>*?
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Spontaneous Preterm Labour and Birth 5

Clinical Risk Factors for PTB

There are a number of recognised modifiable and unmodifiable maternal
pre-pregnancy risk factors for prematurity, the most significant and con-
sistently identified being a woman’s history of previous sPTB, with a
recurrence risk of approximately 15%°* and potentially higher when the
previous PTB was <28 weeks,” or there has been more than one previous
PTB.*

Invasive cervical surgery (including laser and cold knife conisation and
loop electrosurgical excision procedures (LEEP)) performed for treatment of
cervical intraepithelial neoplasia (CIN) is a risk factor for mid-trimester
miscarriage, PPROM, and PTB.?’ Furthermore, damage to the cervix, not
only after excision procedures, but also during caesarean section, particu-
larly when performed at full dilatation, may also confer increased risk of
SPTR.28:29:30

Miillerian duct abnormalities are associated with risk of prematurity,”' as are
various social, demographic and behavioural risk factors including extremes of
maternal age, a short interpregnancy interval, low pre-pregnancy body mass index
(BMI) and poor weight gain in pregnancy, low socioeconomic status, maternal
smoking and drug use.””* In the UK and USA, women of black African,
African-American and Afro-Caribbean ethnic origin are consistently reported
to be at higher risk of PTB than women of white European origin.” The
biological basis of these risk factors is poorly understood, but persist even
after correction for known PTB risk factors such as smoking, maternal educa-
tion, and socioeconomic status. Biological risk factors such as the higher
incidence of urogenital infection in black women (particularly bacterial vagin-
osis (BV)) are likely to contribute, as well as underlying genetic factors.**
Healthcare also plays a significant role. There is little robust data on the effect
of sexual intercourse during pregnancy, and observational studies are hindered
by confounding factors (e.g. age, socioeconomic factors, avoidance of sexual
intercourse in women at risk). In general, the data are reassuring that inter-
course during pregnancy is not associated with PTB. However, in clinical
practice, in the presence of a very short cervix (bulging membranes or diag-
nosed via transvaginal ultrasound scan), the authors do frequently advise
women to abstain from intercourse, in order to avoid introduction of infection
or disruption of precarious membranes. Risk factors for PPROM are largely
similar to those related to preterm spontaneous labour with intact membranes,
but infection is thought to play a particularly significant role.
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6 High-Risk Pregnancy: Management Options

Management Options for sPTB and PPROM
Pre-pregnancy

Women at risk of sPTB and/or PPROM (see earlier) should be offered pre-
pregnancy counselling. The risk of recurrence in future pregnancy and the
possible options should be discussed. In addition, advice about cessation of
smoking, alcohol intake, recreational drug use, and optimisation of weight
should be included.

Prenatal
Prediction of PTB/PPROM

Current attempts to prevent PTB (spontaneous onset or PPROM) rely on
identifying women at increased risk of PTB from their history and clinical
examination, and screening them using tests such as ultrasound cervical length
(CL) and fibronectin measurement in vaginal fluid. Depending on the findings
(or sometimes on the history alone), interventions such as cervical cerclage,
progesterone therapy, or a cervical pessary while the woman is still asymptom-
atic are then recommended. Both transvaginal CL and cervical fluid biomarkers,
such as fetal fibronectin (fFN) and phosphorylated insulin-like growth factor
binding protein, are increasingly recognised as being useful for the prediction of
PTB in both symptomatic and asymptomatic women. Given the paucity of
proven interventions to prevent prematurity, it is logical that high-risk surveil-
lance and screening is targeted to the population in which preventive interven-
tion has been shown to be beneficial: in particular, those with previous
premature birth or mid-trimester miscarriage. In practice, women with other
risk factors, including extensive cervical surgery, uterine abnormalities, and
previous caesarean at full dilatation, may also be referred for screening (see the
guidelines in the Online Appendix), although the value of established prophy-
lactic interventions has not yet been demonstrated in these populations.

Cervical Screening by Transvaginal Ultrasonography

The process of labour is associated with progressive cervical shortening, efface-
ment, and dilatation. Effacement and shortening (‘funnelling’) usually begins at
the internal cervical os and can be demonstrated using transvaginal ultrasonog-
raphy well before dilatation of the external os can be detected on digital vaginal
examination. In pregnancies destined to reach term, this gradual process usually
begins sometime after 32 weeks’ gestation but may not occur until immediately
before delivery. Measurement of CL between 14 and 24 weeks has been shown
to be a sensitive predictor of sPTB in both low- and high-risk pregnancies (the
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Spontaneous Preterm Labour and Birth 7

Figure 2 Transvaginal ultrasound of (a) a normal cervix, and (b) a short cervix

with funnelling. Reprinted from Simcox, R, Shennan, A. Cervical cerclage in

the prevention of preterm birth. Best Pract Res Clin Obstet Gynaecol 2007; 21:
83142, with permission from Elsevier.

risk of prematurity is inversely related to the CL: the shorter it is, the higher the
risk), and thus is the most commonly recommended screening tool to identify
pregnancies at higher risk of PTB and those who may benefit from prophylactic
intervention.

Cervical length measured by transvaginal ultrasonography in a general
obstetric (low-risk) population has a Gaussian distribution; the mean length at
23 weeks’ gestation is 35-8 mm, with the 5th percentile at approximately
23 mm.*>*® A standardised technique for measurement of the cervix using
transvaginal ultrasonography has been described.”” Several studies have dem-
onstrated that risk of preterm delivery is substantially greater in high-risk
women with CL <25 mm (approximately the 10th centile) between 14 and 24
weeks’ gestation, and that this risk increases exponentially with decreasing
CL.**3%4% Figure 2 illustrates a normal cervix compared with a short cervix
which demonstrates funnelling.

A short cervix is predictive of PTB even in women without a previous history of

3336 a5 well as in those who have

PTB (over half of PTBs occur in such women),
risk factors for PTB. However, given the low prevalence of a short cervix and PTB
in the general population, the number needed to screen to identify one short cervix
is very high. Furthermore, there is little evidence at present to support a program of
low-risk screening using CL because an effective intervention to improve preg-
nancy outcome in these women has not been demonstrated. Thus, most guidelines
(Online Appendix) recommend serial cervical surveillance (usually between 16
and 24 weeks) only for those women with a risk factor for PTB, the most common

being previous PTB although screening of women with other risk factors such as
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8 High-Risk Pregnancy: Management Options

cervical surgery, uterine anomaly or previous full dilation cesarian section is
increasingly common. Cervical length measurement is also predictive of sSPTB
in women with multiple pregnancies,”' although the problem remains that,
as with low-risk singleton pregnancies, there are currently no proven interven-
tions to prevent PTB or improve outcome in asymptomatic women with
multiple pregnancies.

Fetal Fibronectin

Fetal fibronectin is a glycoprotein found in placental tissue, in amniotic fluid,
and between the chorion and decidua, normally detectable in the cervicovaginal
fluid (CVF) in pregnancy before the fusion of the decidua and fetal membranes.
CVF fFN concentrations drop and may become undetectable from 18 weeks’
gestation. After this time, release of fFN into the CVF by presumed inflamma-
tory, infective, or mechanical disruption to the choriodecidual interface is
associated with an increased risk of premature delivery, which can be detected
using a rapid bedside test. Arguably most valuable as a ‘rule-out’ test, a negative
fFN (<50 ng/ml) detected at 24-26 weeks’ gestation has a negative predictive
value (NPV) for PTB (proportion of women who test negative and deliver at
term) of 96%.*> However, the positive predictive value (PPV; proportion of
women identified as positive who actually deliver preterm) is relatively low
(<30%) at clinically important gestations, which limits the utility of the test.
More recently, a quantitative bedside fFN test has been developed, and studies
have demonstrated enhanced prediction compared with the traditional qualita-
tive (positive/negative) test in both symptomatic and asymptomatic women.
fFN concentration correlates directly with the subsequent incidence of sPTB.
For symptomatic and asymptomatic women, use of alternative incremental
thresholds (10 and 50, and 200 and 500 ng/ml, respectively) enhances PPV
for early delivery (an improved ‘rule-in’ test) within 14 days and before 34
weeks, while the NPV remains high at every threshold.**** This allows clin-
icians to stratify individual patient risk more accurately and tailor management
accordingly. A threshold of 10 ng/ml has sufficiently high sensitivity and NPV
to determine which high-risk women are unlikely to deliver preterm. In contrast,
the higher the CVF quantitative fFN concentration, the greater the need for
surveillance and therapeutic intervention. Further research is required to evalu-
ate how quantitative fFN may be used to identify asymptomatic women who
would benefit from prophylactic intervention, but it is increasingly used (often
alongside transvaginal ultrasound CL screening) to risk stratify women at risk
of PTB.

Downloaded from https://www.cambridge.org/core. IP address: 3.15.186.237, on 27 Jan 2025 at 12:52:47, subject to the Cambridge Core terms of
use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009508940


https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009508940
https://www.cambridge.org/core

Spontaneous Preterm Labour and Birth 9

Prevention of PTB

Detection and Treatment of Infection

An inflammatory cascade, often with an associated bacterial infection, is impli-
cated in up to 40% of sPTB, and in reality, it may be even higher, given the
limitations of current culture-based identification techniques. While we do not
yet have reliable clinical tools to detect or treat most of these infections, the
detection and treatment of bacterial vaginosis (BV) and asymptomatic bacteri-
uria may still have a role in prevention of PTB.

BV is an imbalance of vaginal flora, characterised by an increase in mixed
anaerobic flora and a reduction in the proportion of lactobacillus bacteria. While
often asymptomatic, BV can manifest as a grey discoloured vaginal discharge,
with a characteristic “fishy’ odour. Typically diagnosed using Amsel’s criteria*’
use of a Gram stain of a vaginal swab is an accepted alternative method. BV in
pregnancy has consistently been demonstrated to be associated with poor peri-
natal outcome, most commonly an increased risk of prematurity.***” Results of
trials of treatment of BV in pregnancy, however, have not been encouraging. The
largest meta-analysis®’ showed antibiotic therapy to be effective at eradicating
BV and restoring normal vaginal flora when compared with placebo/no treatment,
but there was no observed reduction in the rate of premature delivery before 32-,
34-, or 37-weeks’ gestation, nor were there any differences in neonatal outcome.
Although there was a significant reduction in late miscarriage in women with BV
treated with antibiotics compared with placebo/no treatment (RR: 0.20; 95% CI:
0.05-0.76; two trials, 1,270 women), worryingly, in several of the smaller trials,
there were worse outcomes in high-risk women treated with antibiotics compared
with placebo.*®**>? Thus, there is little evidence currently to support the routine
screening of low-risk women for BV, with some evidence that treating women at
‘high risk” based on the presence of BV may cause harm. Even when treating
women at high risk of prematurity for other reasons, more evidence is needed
before routine screening could be recommended. Nonetheless, given the
observed reduction (although in only two trials) of late miscarriage in women
with BV treated with clindamycin before 20 weeks, further study is warranted in
this area. Treatment of symptomatic BV (as opposed to BV diagnosed only by
routine screening) is still clinically appropriate.

Asymptomatic bacteriuria (the presence of bacteria in the urine without
clinical symptoms) complicates 2—10% of all pregnancies,”' and nitrite dipstick
testing of urine as a screening test at each antenatal visit is commonly recom-
mended to trigger, if positive, culture of a midstream specimen followed by
antibiotic treatment of confirmed bacteriuria, thereby to reduce the incidence of
pyelonephritis in the mother. However, there is conflicting evidence about the
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10 High-Risk Pregnancy: Management Options

benefits of antibiotic treatment for asymptomatic bacteriuria in relation to the
prevention of PTB. Villar ef al. found that antibiotic treatment for asymptomatic
bacteriuria reduced the incidence of spontaneous early delivery and low birth
weight which persisted when only the three trials which reported the outcome of
PTB <37 weeks’ gestation were included in the analysis.”” However, this
finding was not replicated by a 2007 Cochrane meta-analysis of 14 randomised
controlled trials (RCTs), showing that antibiotic treatment was associated with
a reduction in the incidence of low-birth-weight babies but not prematurity.”

About 22-35% of women carry Group B streptococci (GBS; Streptococcus
agalactiae) in their gut and lower vagina. There is some evidence that
maternal GBS colonisation is associated with an increased risk of PTB™*
especially where there is evidence of ascending infection (bacteriuria).
However there is no evidence that carriage can be eradicated (as opposed to
reducing bacterial load) with antibiotic therapy and therefore antibiotic
administration is only indicated if there is evidence of active infection (e.g.
in the urinary tract).

Cervical Cerclage

The placement of a suture around the cervix is a common obstetric procedure
performed in women at high risk of mid-trimester miscarriage or PTB, despite the
lack of a well-defined population for whom there is clear evidence of benefit. The
mechanism of action is not clearly understood; it is likely that cervical cerclage
may provide structural strength to a shortening or weak cervix, but it is also likely
to assist in protecting from ascending pathogens by maintaining a mucus plug in
the cervix, thereby creating a biochemical and/or immunological barrier. The role
(and success) of a cerclage may be dependent on the underlying pathophysiology
of prematurity, and this is yet to be clearly elucidated.

Evidence for the benefit of cerclage is largely derived from meta-analysis of
underpowered RCTs, many of which lack relevant clinical endpoints. The
women in whom cerclage may be indicated can be broadly divided into three
groups: those who have suffered multiple recurrent pregnancy loss (history-
indicated cerclage); those found to have a short cervix on ultrasound scan with
a prior history of spontaneous early delivery (ultrasound-indicated cerclage);
and those with painless cervical dilatation resulting in bulging fetal membranes
(‘rescue cerclage’).

History-Indicated Cerclage

Placement of a cervical cerclage in early pregnancy in women with previous
mid-trimester fetal loss or SPTB is common obstetric practice. This practice has
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been evaluated in a number of trials, the largest of which was the Medical
Research Council/Royal College of Obstetricians and Gynaecologists (MRC/
RCOG) randomised trial that included 1,299 patients and was published in
1993.° This trial did not demonstrate benefit of suture placement to reduce
PTB <37 weeks or improve neonatal outcome overall but did demonstrate
a small reduction in risk of early PTB (<33 weeks), particularly in the small
number of women (107) with a history of three or more pregnancies ending before
37 weeks’ gestation, when the risk was reduced by half. The February 2022 UK
RCOG Green-top guideline number 75°° advises that a history-indicated suture
should be placed in women with three or more previous PTBs and/or second-
trimester losses. In practice, this is usually done after an early scan, at around 12—15
weeks. This is not recommended by the 2014 American College of Obstetricians
and Gynecologists (ACOG) guidelines, who restrict cerclage recommendations to
those women with a short cervix.”’ It is important to discuss the risks and benefits
of such a procedure for eligible women, including the uncertainty surrounding the
small evidence base, to allow fully informed patient-led decision-making.
Furthermore, despite a lack of evidence for benefit, women with fewer than three
previous premature deliveries may elect to have a prophylactic suture placed as an
alternative to cervical surveillance, and this decision-making is supported by the
recent UK Saving Babies Lives Version 2 guideline.

Ultrasound-Indicated Cerclage

Ultrasound-indicated cerclage is the placement of cervical cerclage in women
who have cervical shortening on transvaginal ultrasound scan (usually
<25 mm). While not shown to reduce the incidence of PTB in women with
a short cervix but no other risk factors for prematurity (likely due to lack of

58,59 -
7 in women who have

power given low PTB rates in this population),
experienced a prior preterm delivery, there is stronger evidence for the benefit
of cerclage insertion. Meta-analysis of four RCTs confirmed that in women
with a previous second-trimester miscarriage between 16- and 23-weeks’
gestation, or PTB before 37 weeks, cerclage significantly reduced delivery
before 35 weeks in women who developed a short cervix by approximately
50%.°° On this evidence, it is reasonable to offer ultrasound surveillance of all
women with a prior PTB before 34 weeks, or a mid-trimester loss, and to offer
cerclage if the cervix is <25 mm before 24 weeks’ gestation. The role of
cerclage in women without a prior history remains unclear, although it may be
offered as part of individualised care following a discussion of relevant risks
and benefits.
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12 High-Risk Pregnancy: Management Options

Emergency Cerclage with Exposed Fetal Membranes (‘Rescue Cerclage’)

As the cervix prematurely shortens prior to an early birth, the membranes
around the fetus may prolapse through the internal and external cervical os, so
that on clinical presentation the fetal membranes can be visualised herniating
through the cervical canal on ultrasound or speculum examination. Women can
present asymptomatically as part of routine CL screening, particularly <24
weeks’ gestation, or present symptomatically with pain, a feeling of pressure
in the vagina, or watery vaginal loss, probably related to a transudate across the
exposed membrane, often thought (incorrectly) to be ruptured membranes.
While, in general, pregnancies presenting before fetal viability with bulging
fetal membranes have a very poor prognosis, a rescue cerclage may be placed
after reducing the membranes with the aim to re-seal the cervix, preventing
further membrane herniation. Deep Trendelenberg position is required for the
procedure, and a Foley catheter balloon or a Lee tube can be used to retract the
membranes back into the uterine cavity, after which the cervix is closed with
a purse-string suture. Only one small RCT has been performed to compare
cerclage (and intraoperative indomethacin) with expectant management, and
this only included 23 women (16 singleton and seven twin pregnancies) with

() .
0 Women in the

bulging fetal membranes at a mean gestation of 22-3 weeks.
cerclage group stayed pregnant longer and delivered later (29.9 vs 25.9 weeks),
with a reduction in sSPTB before 34 weeks’ gestation (53 vs 100%; p =0.02) and
significant reduction in composite neonatal morbidity.

Given that infection and inflammation may contribute to the process of
cervical shortening, which increases the exposure of fetal membranes to vaginal
microorganisms, there are concerns that insertion of a stitch may exacerbate
further inflammation and infection. Moreover, the membranes can be ruptured
inadvertently during the procedure. This may result in delivery at a lower
gestation than with expectant management, or the survival of a more mature
but more damaged baby by virtue of chorioamnionitis, neonatal sepsis, and
associated fetal inflammatory brain injury, thus inadvertently increasing overall
morbidity.®' There is insufficient evidence to recommend routine amniocentesis
or genital tract screening prior to cerclage, as there are no clear data demon-
strating that it improves outcome. Currently, clinical practice in this area is
extremely heterogeneous and further research is vital to address this question.
Ongoing RCTs in the UK are in progress to gain further insight into the risks and
benefits of emergency cerclage. Until these results are available, judicious use
of cerclage should be applied in selected cases, after careful counselling, can be
recommended. It seems plausible that the success of the procedure depends
upon the experience and skill of the operator performing the cerclage.
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Cerclage Technique

There is little consensus about the optimal technique for cervical cerclage inser-
tion. A low transvaginal cerclage is often a suture inserted in a ‘purse-string’
fashion (sometimes known as a McDonald suture), placed at the cervicovaginal
junction, without surgical mobilisation of the bladder (Figure 3). Performed under
spinal anaesthetic, it can usually be removed without anaesthetic. A high vaginal
suture (sometimes referred to as Shirodkar suture) places the stitch at the level of
the cardinal ligaments by mobilising the bladder upwards. The knot is frequently
buried, requiring regional anaesthesia for removal. There are numerous modifica-
tions of these techniques, depending on individual preference and experience. This
makes direct comparison difficult, but a secondary analysis of four RCTs compar-
ing McDonald and Shirodkar cerclage in women with a CL of <15 mm demon-
strated no difference in prematurity before 33 weeks’ gestation,’” and so, unless it

=

Figure 3 Insertion of a purse-string (McDonald) cervical suture, using (a)
Mersilene tape. (b) Sponge forceps are used to grasp the cervix and the suture is
inserted from the 12 o’clock to the 3 o’clock position and continued clockwise
with four ‘bites’ taken until the 12 o’clock position is reached. (c) An anterior

knot is tied, and (d) a double knot facilitates removal. Reproduced from
Chandirmani, M, Tribe, RM, Shennan, AH. Preterm labour and prematurity.
Obstetrics, Gynaecology and Reproductive Medicine 2007; 17: 232—7, with
permission from Elsevier.
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14 High-Risk Pregnancy: Management Options

is impossible to place a high McDonald suture due to cervical deficiency (particu-
larly the anterior lip), a Shirodkar suture does not appear to confer an advantage.

Cervical cerclage may also be performed via the abdominal route, with the
intention to place the suture high around the cervix, adjacent to the fetal mem-
branes. This procedure is often performed after failed vaginal cerclage, or in
patients with extensive surgery to the cervix (e.g. after trachelectomy). One RCT
involving over 100 women who had suffered a preterm delivery <28 weeks’
gestation despite vaginal cerclage placement (ultrasound-indicated or history-
indicated)®® demonstrated a significant reduction in births <32 weeks with
abdominally inserted sutures, and reduced neonatal mortality compared to both
high and low vaginal sutures. Abdominal sutures require delivery by caesarean
section, with two laparotomies per pregnancy, and therefore should be reserved
for women with failed vaginal cerclage or such deficiency of the cervix that
a vaginal approach is impractical. Laparoscopic procedures can be performed,
and appear to be equally efficacious. Pre-pregnancy cerclage is preferable and
does not appear to impact on fertility or early pregnancy complications.

Finally, as infective morbidity is commonly associated with preterm risk,
there is uncertainty about the optimum suture material for cerclage. An RCT
reported in 2022 comparing monofilament with braided suture material dem-
onstrated no difference in pregnancy loss between the randomised groups.
More women with a monofilament suture experienced removal complications
(including need for anaesthetic), but significantly fewer developed chorioam-
nionitis (4 vs 7%).°*

Progesterone Therapy

Progesterone is a hormone responsible for maintaining uterine quiescence
during pregnancy, and may modulate cytokine and contraction-associated
protein expression and activity. In recent years, antenatal progesterone therapy
has been advocated (falling in and out of favour as conflicting studies are
published and meta-analyses updated) to prevent premature birth.
Progesterone therapy typically consists of vaginal capsules/gel or pessaries
(usually for women with a previous history of PTB and/or a short cervix on
ultrasound scan, or intramuscular injection of 17-hydroxyprogesterone caproate
(17-OHP) once weekly. However, the optimal route of administration, dose,
agent, and timing are not known, nor the effects on long-term maternal or
neonatal outcomes.

The most recent individual patient data (IPD) meta-analysis® of progesto-
gens to prevent PTB showed a reduction in risk of PTB using both vaginal
progesterone and 17-OHP for high-risk women (previous PTB or those with
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a short cervix). However, it is notable that the largest trials of these trials
(>1,000 women with a history of PTB randomised to 17-OHP or placebo)
showed no efficacy,’® and the external validity and reproducibility of previous
studies that demonstrated a large effect®” have been questioned.®®**"? Included
in this IPD meta-analysis was the only large trial of progesterone that showed
significant benefit,”’ which has been criticised, including by the US Food and
Drug Administration (FDA), for discrepancies in data between sites. The use of
17-OHP in the USA has now been withdrawn by the FDA due to non-efficacy
and potential risks. For those women with a history of prematurity and a short
CL, it would seem reasonable, therefore, to prescribe vaginal progesterone
(while further evidence of safety and benefit to the baby is being sought),
with associated counselling regarding likely safety but still unclear efficacy.
In contrast, for all women with a history of PTB (regardless of CL), the most
recent meta-analysis evaluating vaginal progesterone use in women with
a history of PTB only showed no benefit from vaginal progesterone;’” its use
in these women, although a common clinical practice, should be avoided in the
absence of further data to show benefit.

Four RCTs involving multiple pregnancies have reported no significant
benefit from the use of vaginal progesterone (90—400 mg/day) regardless of
CL to prevent PTB.”*’*>7° However, given that a short cervix is a predictor of
prematurity for multiple pregnancies as well as singletons, it remains to be seen
whether progesterone therapy confers benefit in multiple pregnancies in which
cervical shortening occurs.”’

Arabin Pessary

The Arabin pessary is a round flexible device that is designed to be inserted into the
vagina in the upper vaginal fornix in order to support and incline the cervix with the
intention of preventing preterm cervical shortening and premature birth. An RCT of
treatment of a short cervix in singleton pregnancies showed promising results,
namely, a reduction in sPTB of <34 weeks and improved neonatal outcome in
women with a short cervix.”® However, concerns have been raised about the
generalisability of the study, given the very high PTB rate in the control group,
and subsequent RCTs have demonstrated no benefit.””*" This was confirmed in
22017 meta-analysis.®' Nor does the pessary reduce PTB in multiple pregnancies.®

Diagnosis of True PTL

The onset of labour refers to regular uterine contractions (at least one every 10
minutes), associated with documented cervical change or rupture of fetal mem-
branes. In the absence of cervical change or ruptured membranes, a clinical
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diagnosis of threatened PTL can be made. Most women diagnosed with threat-
ened PTL do not go on to deliver preterm, therefore screening tests can also be
used to identify which women are at the highest risk of delivering imminently,
and who would potentially benefit from interventions to delay PTB and/or
improve maternal and fetal outcomes.

Biochemical Tests

For women already symptomatic of PTL (but with cervical dilatation <3 cm),
the qualitative fFN test (described earlier) has an NPV of > 96%, which prevents
unnecessary admission and intervention for the majority of women who present
with contractions but do not go on to deliver, though its PPV is more modest. As
with asymptomatic screening, using the test quantitatively provides enhanced
prediction. The combination of risk factors for PTB, fEN result, and CL has
been assessed and validated in a prediction algorithm for both asymptomatic
high-risk women (AUC: 0.76 for prediction of PTB < 34 weeks’ gestation),"’
and women symptomatic of PTL (AUC: 0.92 for prediction of PTB within 2
weeks of presentation).®* These have been combined into a free mobile phone
application (QUiPP), which provides individualised risk scores for women
based on their risk factors, gestation, fFN concentration, and CL measurement,
now used widely in the UK. A cluster randomised trial of 1,872 women in
South-East England found that the QUiPP app accurately identified those
women at highest risk of delivery (ROC: 0.90), representing an accurate method
to identify those likely to benefit most from PTL interventions.*’

A number of other commercially available biochemical tests for prediction of
PTB in symptomatic women are also available. Phosphorylated insulin-like
growth factor binding protein 1 (phIGFBP-1), produced by the placental decid-
ual cells, is released into the CVF after presumed tissue damage to the chor-
iodecidual interface.* A qualitative test (positive/negative), it is measured from
a speculum-obtained vaginal swab between 22 and 36 weeks’ gestation, with
a high NPV (95%) for spontaneous preterm delivery but with poor positive
predictive value.*’” Placental o microglobulin-1 (PAMG-1) is a glycoprotein
synthesised by the decidua, and found in high concentrations in the amniotic
fluid, but with low levels in the CVE.*® It is obtained using a vaginal swab
inserted directly into the vagina, obviating the need for a speculum, and
measured using bedside dipstick analysis. One small study (# = 101) has
demonstrated 97% NPV and 78% PPV for delivery within seven days in
symptomatic women, with similarly high predictive value for delivery within
two weeks.”” While clearly requiring evaluation in a larger group of women,
this has promising short-term prediction potential, although prediction of
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delivery >14 days after testing is not clear. However, there is very little evidence
for its use compared to CL and other biochemical markers.

CL Measurement

Transvaginal ultrasound assessment of CL has demonstrated value in assessing
women who present with symptoms suggestive of PTL, though requirements for
a trained operator and equipment limit frontline use, particularly for women
presenting outside clinic hours. A prospective case cohort study demonstrated
that for symptomatic women with a CL <15 mm at <32 weeks’ gestation, the PPV
for delivery within seven days was 47% (a more than five-fold higher risk of
Y While there is a paucity of
RCTs to demonstrate that knowledge of CL reduces sPTB rate or improves fetal

sPTB than women with CL measuring >15 mm).

outcome, it is likely that early diagnosis of ‘true’ PTL enables better targeting of
interventions such as maternal corticosteroid administration to enhance pulmon-
ary maturity of the fetus, the infusion of magnesium sulphate as a neuroprotective
agent, and in utero transfer to a more appropriate birth setting if necessary.
Equally important, this avoids unnecessary overtreatment of women who are
not destined to give birth preterm.

Diagnosis of Preterm PPROM

In the majority of women, the diagnosis of PPROM can be confirmed based on
a suspicious history and unequivocal loss of amniotic fluid. However, in
approximately 10% of cases, the diagnosis of rupture of membranes is difficult
to establish. The patient’s history, a sterile vaginal speculum examination, and
an abdominal ultrasound are the first steps in achieving the diagnosis of
PPROM. Ultrasound is used to measure the amniotic fluid index (AFI), the
estimated fetal weight (EFW), the presenting part of the baby, and, if indicated,
the biophysical profile. If not already performed at first- and second-trimester
scans, determination of the correct gestational age and an extensive ultrasound
scan looking for congenital abnormalities should be carried out. Digital vaginal
examination should be avoided where possible to avoid introducing infection,
unless the patient is suspected to be in labour; the performance of a digital
vaginal examination is associated with a shorter interval between PPROM and
delivery when compared to a sterile speculum examination.”'-**

For many years, a combination of pooling of amniotic fluid during speculum
examination, alkaline pH determination, and microscopic evidence of ferning
was used to determine rupture of membranes. These tests are, however, more
prone to false-positive results due to vaginal contamination with blood, urine, or
semen.”” Additional tests have been designed to aid in the diagnosis of rupture
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of membranes, especially in equivocal cases. Review articles list several candi-
dates and find limited evidence to prefer one test over another.”"”> One study
shows a very good performance of insulin-like growth factor binding protein 1
(IGFB-1) when compared to the gold standard of intra-amniotic injection of
indigo carmine,’® though false-positive results have been described in cases of
IGFB-1 detection in patients with PPROM who were also in labour.”’
Alternatively, PAMG-1 can assist in diagnosing PPROM in equivocal cases.”®

Management of Threatened and Established PTL
and Confirmed PPROM

Initial Assessment

When a woman presents with threatened or established PTL, a careful assess-
ment of fetal and maternal condition must be performed. A detailed history
followed by a vaginal speculum examination can establish whether membranes
have ruptured, and the degree of cervical effacement and dilatation. In the
absence of ruptured membranes, a biochemical test such as an fFN test (as
previously described) can be performed to assess the risk of imminent and
subsequent preterm delivery, and a transvaginal CL ultrasound can be per-
formed. Given that most women who present with symptoms of PTL do not
deliver preterm, this will help guide decisions regarding admission, in utero
transport, and administration of antenatal fetal therapies such as corticosteroids
and magnesium sulphate (see section titled Therapies to Delay Birth/Improve
Neonatal Outcome). Urine dipstick of a midstream specimen (and culture in the
laboratory if positive) will allow treatment of urinary tract infection if present.

If labour is considered established or imminent at a viable gestation, ultra-
sound (which can be performed at the bedside) is advised to determine fetal
presentation, as well as liquor volume and placental site, if no previous scans are
available. At the extremes of viability, performing an ultrasound EFW may
provide prognostic information before delivery, and inform decisions about
antenatal therapy to improve fetal outcome, and resuscitation decisions.
Discussions involving the woman and her partner, and the obstetrician, mid-
wife, and neonatologist regarding treatment and risks, mode of delivery, resus-
citation, and likely course of treatment and outcome should be held before birth
whenever possible, particularly in cases of extreme prematurity. Such discus-
sions should include the prognosis for the infant (particularly important if the
labour is extremely preterm), and the risks and benefits of interventions in
labour and immediately postpartum, such as fetal monitoring and caesarean
section. Consideration must also be given to the appropriate place of birth. If the
appropriate level of neonatal care is not available in the obstetric unit, in utero
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transfer to a hospital with higher-level facilities should be carried out if it is
considered safe to do so. If delivery is thought to be imminent, with risk of
delivery en route to the facility, neonatal transfer should take place after birth
once the infant is stabilised.

In cases of PPROM (particularly <34 weeks), routine care usually consists of
hospital admission with regular monitoring of both maternal and fetal condition.
Indications for delivery of the baby (by induction of labour or caesarean section
depending on urgency, gestation, fetal status, presenting part, and maternal
wishes) include concern about fetal condition (abnormal cardiotocography
(CTG) or ultrasound assessment of well-being) and/or evidence of chorioam-
nionitis (raised serum inflammatory markers, maternal pyrexia, maternal or
fetal tachycardia, or abdominal pain), as chorioamnionitis itself is a risk factor
for an adverse neonatal outcome in PPROM,”” as well as poor maternal
outcome due to sepsis. It is worth noting that maternal fever is often a late
sign in clinical chorioamnionitis. Although widely used, the clinical utility of
serum inflammatory markers such as C-reactive protein have a poor correlation

with histological chorioamnionitis'**'?!

and fetal outcome. On hospital admis-
sion, an ultrasound examination is preferably performed to determine or con-
firm the gestational age, the presenting part of the fetus, the risk of umbilical
cord prolapse (especially in case of a non-descended vertex or nonvertex
presentation), the EFW, and the amniotic fluid compartment by means of either
a single deepest pocket or an Amniotic Fluid Index (AFI) measurement.
Specific management options for PPROM are determined by gestational age,
with the related risks of intrauterine infection and prematurity. There are two
treatment approaches: 1) expectant management with surveillance of maternal
and fetal condition; and 2) delivery by either induction of labour or caesarean
section. Mid-trimester PPROM is associated with high perinatal mortality and
morbidity'
to oligohydramnios, together with the risks of prematurity itself. Thus, prior to

with a risk of the development of pulmonary hypoplasia secondary

neonatal viability, management options are limited, and a ‘wait-and-see’ policy is
advised. Hospital admission is deferred until viability is reached, which means 24
weeks’ gestation in most developed countries and after shared decision-making
together with the parents. Because of high morbidity and mortality rates,
a termination of pregnancy should be discussed as a potential option. If an
expectant management approach is adopted, the pregnant woman is instructed
to report to the hospital in case of a rise in temperature, foul-smelling purulent
discharge, abdominal pain or contractions, blood loss, or signs of a prolapsed
cord. Temperature can be monitored at home twice per day. Regular check-ups to
monitor growth and amniotic fluid compartment at least every two weeks are
advised, until 24 weeks.
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After viability (defined in most units as 24 weeks’ gestation, though discus-
sions regarding viability must be made with the multi-disciplinary team and the
woman herself) and after counselling on when to start active management with
the obstetrician and neonatologist (prematurity is generally considered the
greater risk vs those associated with PPROM), expectant management is usually
undertaken. Patients may be managed as inpatients or outpatients, with regular
attention paid to signs of intra-amniotic infection, placental abruption, cord
prolapse, or progressive spontaneous PTL.'%

Worldwide, no consensus has been reached so far regarding the best treatment
in case of PPROM at 34-36"° weeks’ gestation, and considerable variation in
guidelines exist (see the Online Appendix). In 2010, Buchanan et al. reviewed
the available evidence on the effect of planned early birth versus expectant
management for women with PPROM <37 weeks’ gestation.'”* They found
that planned early birth was not associated with improved perinatal survival or
reduced perinatal morbidity but there was a reduction in the incidence of
chorioamnionitis if delivery was within 24 hours of presentation. For the mother,
the authors found that early delivery may be associated with an increase in
caesarean section rate. In 2012, the PPROMEXIL trial showed a low risk of
neonatal sepsis (4.1% in the case of expectant management) after PPROM, with
no reduction of this risk after induction of labour (2.6%; RR: 0.64; 95% CI:
0.25-1.6)."%>'% This was echoed by a trial by Morris ef al. in which infants
randomised to the immediate delivery group had increased rates of respiratory
distress, requirement for ventilation and intensive care compared with those
managed expectantly.'®” There may, however, be disadvantages with conserva-
tive management beyond 34 weeks’ gestation in the presence of known GBS
colonisation, and in this group, early intervention may be preferable.'”® The
2017 Cochrane meta-analysis exploring the effect of planned delivery versus
expectant management for women with PPROM concluded that expectant
management with careful monitoring was safe, and in pregnancies over 34
weeks’ gestation, associated with improved fetal and maternal outcomes versus
planned delivery.'” It is worth noting that evidence for expectant management
has largely been extrapolated from trials of PPROM in infants between 34 and 37
weeks’ gestation. Randomised controlled trials of management of PPROM at
lower gestational ages have not been performed, and while the risks of prema-
turity increase at lower gestational ages, so may the impact of chorioamnionitis
on the expectantly managed very premature fetus with PPROM.

Rupture of the fetal membranes at term (>37 weeks) before onset of labour is
a frequently encountered obstetrical problem, occurring in 8-10% of cases.
More than 60% of women will start delivering within 24 hours, when a policy of
waiting for spontaneous labour is adopted. Fewer than 5% will not have started
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delivering within 72 hours after PROM."'" In a Cochrane review, no differences
were detected between planned delivery (within 24 hours of PROM) and
expectant groups regarding the risk of caesarean section or operative vaginal
birth, but lower rates of maternal infection (chorioamnionitis and endometritis)
were observed in the planned delivery group.''' Thus, in most national guide-
lines, it is recommended to offer induction of labour after PROM at term within
24-48 hours after rupture of membranes.

Therapies to Delay Birth/Improve Neonatal Outcome
Tocolysis

Although it has not been shown to improve neonatal outcomes, the use of tocolytic
therapy — in order to delay delivery and allow in utero transfer or administration of
antenatal corticosteroids and magnesium sulphate for neuroprotection — is com-
mon obstetric practice between 24 and 34 weeks’ gestation. Many different drugs
have been evaluated as tocolytic therapy: B-sympathomimetics (e.g. ritodrine and
terbutaline),''? calcium channel blockers (e.g. nifedipine),''* prostaglandin inhibi-

1% and oxytocin receptor blockers (e.g. atosiban)'"” are

tors (e.g. indomethacin),
the most commonly used, each with a unique mode of action and side-effect
profile. Each of these medications has been shown to reduce the incidence of
delivery within 48 hours and up to seven days compared with placebo, but with no
observed associated improvement in neonatal outcome. Owing to the higher
incidence of maternal side effects associated with use of B-sympathomimetics
(e.g. chest pain, tachycardia, palpitations, tremor, headaches, hyperglycaemia,
hypokalaemia, nausea, and vomiting),''* calcium channel blockers, prostaglandin
inhibitors, and oxytocin receptor blockers are the most commonly used, though
their use is often unlicensed (e.g. nifedipine, ritodrine), whereas atosiban is
licensed in Europe (but not the USA) for use as a tocolytic. An individual

participant data meta-analysis''®

comparing atosiban and nifedipine demonstrated
comparable prolongation of pregnancy, but there was a small non-statistically
significant increase in neonatal mortality (R: 1.4; 95% CI: 0.6-3.4) in the nifedi-
pine group. As a result, some practitioners have a preference for the use of the
more expensive atosiban as the tocolytic of choice.

After 48 hours of use, maintenance therapy with tocolytics is not beneficial''”-''®
and may be associated with harm.'' In general, the use of tocolytics after
PPROM is not advised due to concern about risk of chorioamniontitis; ' * however,
evidence informing this recommendation is based on small low-quality trials
of drugs, many of which are no longer in use, and randomised trials are ongoing
in this area.
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Antenatal Corticosteroids

The administration of antenatal corticosteroids to women at high risk of PTB has
been shown to enhance fetal lung maturity and confer morbidity and mortality
advantages to the neonate, and has been an established treatment for women at
high risk of preterm delivery for the last 30 years. Discovered incidentally by
Liggins in 1969 while researching the impact of dexamethasone on preterm
parturition in a sheep model, an RCT followed in 1972 (n = 282) in women
with PTL at <37 weeks’ gestation using betamethasone for the prevention of
RDS.'?" A reduction of 11% in neonatal death and 20% in RDS was observed in
the treatment group when compared with placebo. After a flurry of clinical trials
in this area, the first meta-analysis was published by Crowley et al., including 12
studies and over 3,000 women, which demonstrated that a course of antenatal
corticosteroids reduced RDS and neonatal mortality by approximately 50%
in infants born <34 weeks’ gestation.'*” This has been confirmed by a 2020
Cochrane review that found an overall reduction in fetal and neonatal death,
areduction in RDS, and probably a reduction in interventricular haemorrhage and
developmental delay at three years.'” It is worth noting that many of these
studies were performed prior to widespread use of surfactant for prevention and
treatment of neonatal RDS, and so the benefit of antenatal corticosteroids may not
be as pronounced in settings of modern neonatal care.

The timing of steroid administration is crucial to conferring benefit.'** In the
original meta-analysis, steroid-associated reduction in fetal and neonatal death
is only seen in infants born within 24 and 48 hours, but not in those born
between one and seven days or after seven days. The reduction in RDS was
observed between 24 hours and seven days after administration, but not after
seven.'”” This is particularly important, given that the majority of women who
present with preterm contractions do not deliver within seven days but may still
deliver preterm; thus, many receive steroids but deliver only after the benefit has
been lost.

While conferring tremendous health benefit to the premature infant if given
appropriately, the use of steroids is not without risk. There may be a small
reduction in birthweight in infants treated with steroids, particularly those born
more than seven days after administration, though the 2020 Cochrane analysis

suggests little or no effect on birthweight.'*

There are, however, increasing
concerns that fetal exposure to antenatal corticosteroids might be associated
with physical, mental, and developmental disorders later in life."**'?” Given
that a large proportion of infants exposed to antenatal corticosteroids are
subsequently born at term, accurate prediction of those at highest risk of PTB

is therefore vital.'*®
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Concerns regarding ubiquitous and liberal steroid use in women with threat-
ened PTL were further raised after the WHO multi-country cluster RCT of
corticosteroid use in low- and middle-income countries revealed increased risk
of neonatal mortality in newborns who received antenatal corticosteroids,
particularly in those infants who were subsequently born at or close to term,
as well as an increased odds ratio for suspected maternal infection amongst
those who received steroids.'?’ That the majority of women who received
steroids did not give birth to an infant <5th centile (a proxy measure for
gestational prematurity) highlighted the need for caution regarding the over-
diagnosis of suspected PTL and liberal use of steroids in infants who later
deliver close to term, as well as concern regarding worsening infectious mater-
nal and potentially fetal morbidity in infants who receive steroids.

The effect of repetitive courses of corticosteroids in cases of PTL have been
summarised in a Cochrane review of a total of more than 2,000 women.'*°
Repeated courses were associated with a reduction in RDS and a reduction in
composite serious infant outcomes, at the expense of a slight reduction in mean
birthweight (mean difference: —75.79 g). However, due to the concerns regard-
ing the fetal effects of repeated courses of steroids, particularly on growth, and
theoretical concerns regarding glucose homeostasis and brain development,
particularly for infants born near to term, there is significant variation in
practice, and the use of more than two courses is not advocated. It is the opinion
of the authors that a ‘rescue’ single dose of antenatal corticosteroids should be
considered in women <32 weeks’ gestation, who have received a course of
steroids more than one week previously, but in whom the risk of premature
delivery within 48 hours remains high. More important, however, is accurately
timing steroid administration so as to reduce the incidence of steroids being
given too early, and reduce the need for repeat doses, and inappropriate admin-
istration to infants destined to deliver at term. It is likely that use of predictive
biomarkers and tests can aid this decision, enabling clinicians to move away
from the traditional paradigm of giving steroids early in all cases of threatened
PTL without consideration of the spectrum of risk, and the optimal timing to
confer benefit, and avoid the need for repeated courses and treatment of the
eventual term infant if possible.

Magnesium Sulphate

Preterm-birth-related brain injury and the associated neurodevelopmental con-
sequences are characterised by diffuse white matter injury and/or intraventri-
cular and intraparenchymal haemorrhage, cystic periventricular leukomalacia,
and neuronal injury and loss. It is thought that ascending intra-amniotic
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infection and the associated fetal inflammatory response syndrome triggers
oxidative stress, microglial activation, and neuronal excitotoxicity, leading to
glutamate toxicity, affecting, among others, the vulnerable oligodendroglial
progenitor cells, most susceptible to injury between 24 and 34 weeks’
gestation.'*"*'** While the exact mechanisms are unknown, prenatal adminis-
tration of magnesium sulphate in cases with extremely PTL (originally as
a tocolytic although it is in fact ineffective in this role) has been shown to
have neuroprotective effects.'” It is thought to act by preventing post-hypoxic
glutamate-mediated neurotoxicity through acting as a non-competitive antag-
onist of the N-methyl-D-aspartic acid (NMDA) receptor on oligodendroglial
progenitor cells and blocking excess release of glutamate.'**

Several meta-analyses and a Cochrane review have demonstrated that giving
intrapartum magnesium sulphate reduces the incidence of cerebral palsy and
substantial gross motor dysfunction when the baby is born preterm.'*>'*° There
is no international consensus regarding the optimal dose and timing; guidelines
vary between institutions. The most common dosing regime is that used for pre-
eclampsia: a 4 g bolus, followed by an infusion of 1 g/hour for 24 hours. It
should only be given if preterm delivery is imminent (within the next 24 hours),
but it is not yet clear whether a post-bolus infusion is necessary, or whether
repeated bolus doses of magnesium sulphate should be given if delivery does
not occur when initially expected. While the greatest benefit is seen in infants
born <30 weeks’ gestation, national guidelines vary, with consideration for use
up to 34 weeks’ gestation (Online Appendix); research is needed to establish
potential benefit for infants born after 30 weeks’ gestation.

Antibiotic Therapy

With the strong association between infection and PPROM, being either cause or
consequence, research has focused on the use of antibiotics following PPROM
for the purpose of preventing infectious complications for both mother and child.
In the 2013 Cochrane review, 22 trials were included involving over 6,000
women and their babies.'?” Different types of antibiotic regimes were prescribed,
consisting mainly of broad-spectrum penicillins alone or in combination, or
macrolide antibiotics (erythromycin) alone or in combination. Short-term bene-
fits of antibiotic use included fewer cases of chorioamnionitis, babies born within
48 hours and within seven days after randomisation, neonatal infection, need for
surfactant and oxygen therapy, and abnormal cerebral ultrasound before dis-
charge from the hospital. Co-amoxiclav, however, was associated with an
increased risk of neonatal NEC (RR: 4.72; 95% CI: 1.57-14.23). Most guidelines
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advocate use of erythromycin for 10 days for women with PPROM, though
evidence of long-term neonatal benefit is lacking.'*®

In women with threatened PTL and intact membranes, use of antibiotics is
not recommended and may be harmful. The ORACLE II multicenter trial'*’
randomised over 6,000 women in threatened spontancous PTL with intact
membranes and no clinical evidence of infection. They received various
combinations of penicillin and erythromycin regimes four times daily for 10
days or until delivery. None of the antibiotic combinations was associated
with neonatal benefit, and a statistically non-significant increase in NEC was
observed in the infants of women prescribed co-amoxiclav, mirroring the
effect seen in women with PPROM. Furthermore, a seven-year follow-up of
3,196 infants involved in the ORACLE II trial revealed that the prescription of
erythromycin (+ co-amoxiclav) was associated with functional impairment
and an increased incidence of cerebral palsy.'*’ Therefore, routine antibiotic
treatment for prevention of PTL is not recommended. However, for women
colonised with vaginal GBS, the leading cause of serious neonatal sepsis in
developed countries, intrapartum intravenous penicillin started early in labour

will prevent the majority (approximately 75%) of early onset infections.'*'

Labour and Delivery

Once premature delivery is thought to be inevitable, delivery must be attended
by the obstetric and neonatal teams. If the delivery is taking place in a unit
without appropriate neonatal facilities appropriate to the gestational age of the
infant, and the window of opportunity for an in utero transfer has been lost,
arrangements must be made to transfer the neonate once stabilised to a more
appropriate care setting. Mode of delivery must be considered and discussed
with the woman and her partner. Unfortunately, the optimal mode of delivery of
the preterm infant has remained a controversial topic, with a lack of robust
RCTs to provide evidence to guide these decisions; as a result, studies have
yielded conflicting results. The largest study, published in 2012, is a non-
randomised study comparing the mode of delivery of 2,885 singleton, preterm,
small-for-gestational-age infants born with vertex presentation between 25 and
34 weeks® gestation.'*> No significant differences between neonatal death or
contributors to neonatal morbidity (intraventricular and subdural haemorrhage,
seizure or sepsis) were seen between the groups, though infants born by
caesarean section had an increased incidence of RDS and a 5-minute Apgar
score of <7 compared with those delivered vaginally. However, this study was
non-randomised and therefore carries an inherent risk of bias associated with
clinician ‘choice’. For example, caesarean section may have been performed in
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patients who needed more urgent delivery (e.g. fetal compromise), thereby
potentially leading to a more favourable outcome with vaginal delivery.

A Cochrane review of randomised studies comparing planned caesarean
section with planned vaginal delivery concluded that there is not yet enough
reliable evidence to compare planned caesarean delivery with planned vaginal
delivery, as all four trials were stopped early owing to the inherent difficulties in
recruiting women.'** Therefore, decisions regarding mode of delivery remain
based on hospital practice and clinician and patient preference. However,
consideration must be given to the risks associated with caesarean section,
including sepsis, maternal haemorrhage, and implications for future pregnan-
cies such as the need for repeat caesarean section, uterine rupture, and placenta
accreta. Before 26 weeks’ gestation, the lower uterine segment has not yet fully
formed, and a classical or De Lee (vertical) incision may be required for
delivery of the baby, with increased risk of scar dehiscence in a subsequent
pregnancy, compared with a lower transverse incision. In practice, as a result of
difficulties in diagnosing PTL, a policy of caesarean section over vaginal
delivery for preterm infants may lead to the delivery of infants earlier than
they otherwise would have been born ‘naturally’, as waiting for confirmation of
advanced labour may mean that the window for caesarean section has been lost.

With breech presentation there is insufficient evidence concerning preterm age
categories, and the decision needs to be based on hospital practice and clinician
and patient opinion. However, there is a risk of cord prolapse and head entrap-
ment during preterm delivery, as well as term delivery.'** If assisted vaginal
delivery is necessary in a PTB, vacuum extraction is not recommended <34
weeks’ gestation because of the increased risk of cephalhematoma, intracranial
haemorrhage, and neonatal jaundice compared to term infants.'*>'**'*” There
is insufficient evidence to establish safety in infants between 34 and 37
weeks’ gestation. Finally, the risk of hypoxia and progressive acidemia is
higher in preterm infants, and CTG interpretation is somewhat more difficult in
infants <28 weeks’ gestation. For infants at the extreme limits of viability, the
decision to monitor the baby with CTG must be discussed with the parents,
particularly if the decision has been made not to intervene if fetal compromise
becomes apparent. In general, most clinicians manage PTL as term labour, with
the goal of eventual vaginal delivery. Large, well-designed intention-to-treat
RCTs are required to aid this decision-making.

For women with PPROM, particular attention should be given to signs
of intrauterine infection and the appropriate commencement of antibiotic
therapy when present or in cases with a positive GBS culture or PCR test.
In a Cochrane review that included 11 studies (1,296 women), no definite
decision could be made as to the best treatment strategy, in terms of
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choice of antibiotic, dosage, and duration.'*® Limited evidence is available on
whether continuing antibiotics in the postpartum period is advisable.

Once the baby is delivered, there is strong evidence to suggest that delaying cord
clamping confers benefit to the preterm newborn. A Cochrane review compared
immediate with delayed cord clamping (ranging from 30 to 120 seconds) for

infants born <37 weeks’ gestation,'*’

showing an associated reduction in need
for blood transfusions, incidence of low blood pressure, and incidence of intraven-
tricular haemorrhage in the delayed group. However, in the event of postpartum
haemorrhage or placenta previa, or if the neonate is asphyxiated and requires
immediate resuscitation, immediate cord clamping may be required, or mechan-
isms to resuscitate them placed near to the mother for instigation prior to cord

clamping. Further trials are under way to evaluate the benefits of this practice.

Threatened and Actual PTL and PPROM

SUMMARY OF MANAGEMENT OPTIONS

Management Options

Pre-pregnancy (Previous PTB/Other Risk Factors)

* Discuss the risk of recurrence in future pregnancy in women with
a previous PTB, mid-trimester loss, PPROM, or other risk factors.

» Discuss management options for a future pregnancy.

» Advise about smoking, alcohol, recreational drugs, and weight.

Prenatal (See Online Appendix for Detailed Guideline
Recommendations)

Screening (High-Risk Women)

* Vigilance for clinical features of recurrence

» Regular transvaginal cervical ultrasound examination
o fFN

* Other biochemical tests need further evaluation

* No evidence to support use of infection screening

Prophylaxis (High-Risk Women)

» Cervical cerclage is undertaken on the basis of the history and/or
cervical ultrasound changes.

» ‘Rescue cerclage’ has limited evidence to support its use. It is best used
in selected cases by experienced surgeons after careful counselling
about risks and benefits.
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