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The need for new directions in preterm delivery prevention research

Despite significant research efforts, the pathogenesis of preterm delivery (PTD) remains unknown
and the human burden of prematurity is growing. Three million infants die every year in the world as
the result of being born prematurely.’ This presentation focuses on PTD ond addresses the directions
of research aimed at reducing its incidence. We also discuss the evidence base for currently used
preventive interventions and in concluding, recommendations will be made.

& myriod of strategies to prevent PTD have been considered along the years. Bed rest, maintenance
tocolysis, or antibiotic treatment have proved to be of no benefit.?* Cervicol cercloge and progesterone
supplementation hove recently reemerged, ot least in the United Stotes, os preventive theropies in
vogue, although their absolute efficacy continues to be debated ** Based on recent data, the benefit
derived from these two interventions is limited to o small proportion of preterm births.

Only with further knowledge of the biclogy of human parturition will progress be achieved in
preventing prematurity, Although the mechanism of normal and abnormol parturition In humans
remains on enigma, three types of factors are considered to contribute to spontaneous FTD: social
stress. infection/inflammiation, and genetics. Social stress has been principally linked ta race by United
etntes researchers and the mother's experience of rocial discrimination may explain, according to
such opinions, the double rate of PTD among black women compared to white women of otherwise
similar demographic characteristics. The racial heterogeneity of the US population ond the continuous
exictence of stroined rociol relationships are advanced as a possible explanation for the high rote
of prematurity in the United Stotes (12.4 %) exceeding that reported from other Western countries,
The same reasoning however oppears 1o be less successful when applied to the wide diversity in
percentage of preterm births among Western European countries with generally homogeneous
populations. For instance, the rate of PTD in Austrio [11.4 %] is double that in Irelond and Finland (5.5
and 5.6 %, respectively).’ The rote in Austria, country without much racial diversity, is actually closer to
that in the United States than to the rate in Germany (B.9 5ol.
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infection and/or inflammation have loomed large as possible culprit in the presumed etiology of PTD,
especially at ecriier gestational ages, It is presumed that early in pregnancy, intrauterine inflammation
andior subclinical infection will develop, subsequently triggering the pathways to PTD. However,
pregnant women at risk for PTD have received no benefit from treatment with antibiotics in clinical
trials, whether used against bacterial vaginosis, trichomanas, periodontitis, or purely as a prophyloctic
intervention.® Furthermore, o recent report at the last Annual Meeting of the Society of Maternal-Fetal
Medicine, Chicago, February 2010, noted no relationship between subsequent PTD and inflammation
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biomarkers detected in the omniotic fluid in mid second trimester® These findings ore intriguing.
given that biologicol factors ossessed early in pregnancy, in asymptomatic women, are more likely
to be ossociated with PTD in a predictive rather than o consequential way. At the some meeting,
| presented o similar study. Similar in that amniotic fluid samples obtoined at 2™ trimester genetic
amniocentesis were tested and correlated with subsequent PTD.* However, in my study, | tested for
thrombin-antithrombin (TAT] complexes. TAT complexes are markers of in vive thrombin octivation,'®
and thrombin is a multifunctional serine protease with a proposed central role in the regulation of
inflammation, even in relation to PTD.M It is well known that inflammotory and coogulation pathwoys
hawve significant overlop in the cousation of disease, particularly in the cardiovasculor system.

A prospective cohort of 550 women with singleton non-anomalous pregnancies undergoing second
trimester genetic amniocentesis wos followed by us to delivery and onalyzed os a nested case-control
study. Coses of PTD in=52] were compared with 104 matched, term contrels. Amniotic fluid collected
at amniocentesis was tested for TAT complexes by enzyme-linked immunoassay. TAT concentrations
were significantly higher in women who subsequently delivered preterm [medion 115.9 mca/l, IQR
121.5) than in those who did not (median £2.2 mcg/l, IQR 64.6; P< .0011. This differance persisted when
31 spontoneous PTDs Imedion 100.6 mcg/l, IQR 126.8 vs 61.8 mcg/l. IQR 65.5 in controls; P=.04] and
21 indicated PTDs [medion 141.0 mca/l. IQR 153.9 vs 63.2 mecg/l. IQR 63.6 in controls, P=004] were
onalyzed separately. The indicated PTD group included coses with preeclompsia, fetal demise, fetal
grawth restriction, ond plocental abruption. Owverall, the OR for PTD in the highest TAT guartile relotive
to the lowest quortile was 4.98 (95% Cl, 1.17-22.01; P= .007).2

Our data showed that amniotic fluid TAT levels in the secend trimester are significantly higher in women
destined to deliver preterm compaored with those who deliver at term. In our cohort we found o distinct
difference in the pattern of intra-omnictic thrombin generation between women destined to deliver at
term and those who deliver preterm, regardless of the type of PTD |spontaneous or indicated). Although
pathogenic pothways leoding to spontanecus or indicated PTD may be different, we hypothesize
that at least initially, eorly in pregnancy, they may share common pathways, including thrombin
generation. This is in keeping with the findings of other researchers who have reported a crossover
recurrence between spontoneous and indicated PTD, suggesting thot there is considerable eticlogic
overlop between the two conditions.™ Furthermore, it hos been postuloted that PTD, preeclompsia,
and intrauterine growth restriction may all hove in common abnormal placental development with
plocental insufhciency.” These conditions moy be different clinicol monifestations of a common early
etiological pathway.

Spontaneous PTD is the final pathway by which o number of different causes and contributors moy oct.
PTD may even be o complex genetic disorder choracterized by genetic susceptibility and interactions
with environmental factors ™ Examples of complex genetic diseases include cardiovasculor disease,
type 2 diobetes, obesity, and outism. These diseases tend to run in fomilies but not clearly along
monogenic or mendelion patterns of inheritance. Rather, fomiliol clusters may be seen. Similarly, familial
patterns of PTD and an individual recurrence pattern in parturition timing suggest the existence of a
genetic contribution in the pothogenesis of spontaneous PTD,8

Genomewide associgtion studies hove lead to important discoveries with practicol applicability in
heart disease, diobetes, and stroke.'’ To dote, the associations between polymorphisms in candidate
genes and the risk of PTD hove been modest at best, but such reseorch directions may prove more
fruitful in the future. If research is to have an impact on PTD, progressive thinking is necessary, with
investigators from diverse disciplines working together ond sharing intellectual perspectives with o
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mutual appreciation for the complexity of PTD. In order to advance the study of human parturition to L
exciting new frontiers, a more in depth exploration of moleculor or genetic mechanisms is necessary i
rather than revisiting obsolete, simplistic interventions such as cercioge plocement or even pessary |
use as recently proposed.” '

Current risk prediction for PFTD is bosed on obstetrical history, ultrasound assessment of cervical length
and sametimes fetal fibronectin determination in cervico-vaginal secretions. However, it is unclear whot
to do with women found to be ot risk, and successful interventicns directed at risk madification and
promotion of a successful pregnancy remain to be discovered. Unfortunately, over the last decades,
very little progress has actually been mode and we continue to borrow on past ideos, os in the case of
progesterone ond cercloge. .

Recent perspectives on progesterone supplementation

Progesterone hos been used in obstetrics for more than 40 years, but 2 studies in 2003 rekindled
the interest in it. Da Fonseca et al from Brozil rondomized 157 women with various risk foctors for
PFTD to either plocebo or vaginal progesterone suppositories, observing o significant reduction in PTD
with progestercne.'” However, dota were not analyzed occording to intention to treat and arbitrary,
o posterior exclusions occurred, such os in the cose of women with premature preterm rupture of
membranes, a common pathway to PTD. If those women were included, the outcome difference
wouldn't hove been significont anymore, The study of Meis et ol, published in the same year and
conducted in the United States, included 463 women with history of PTD, randomized to placebo or
weekly injections of 17 alpho-hydroxyprogesterone coproote {17-OHPCL*™ A significant reduction in
PTD, necrotizing enterocelitis, ond introventricular hemorrhoge wos noted, but neonatal mortality
remained unchanged,

After four more years, in 2007, the largest to dote rondomized study of progesterone supplementation
for prevention of PTD was published by O'Brien et al® In this multinational study, 659 women with
history of PTD were rondomized to placebo or vaginal progesterone gel, without any reduction in PTD
rate as result of treatment. However, in a very limited subanalysis of 46 women with short cervix,
there was suggestion of progesterone effect in reduction of PTD before 32 w.™ The authors speculated
that the indiscriminate practice of progesterone odministration to all women with history of PTD was
unadvisable, proposing instead an objective assessment of cervical length first, to better target the
interyvention to those women more likely to benefit, The some ideo wos supported by o study conducted
by the Fetal Medicine Foundation in Englond in which 250 asymptomatic women with a short cervix
l< 15 mm| were randomized to either placebo or vaginal progesterone copsules with a 44% reduction
in PTD before 34 w with progesterone, however without any improvement in perinatal morbidity and
martality.” Interestingly, the beneficial effect of progesterone was present even in women without
history of PTD.

These randomized trials have used different progestin formulations and routes of administration,
making the interpretation of the results more difficult. Indeed, o recent study in rats suggested thot the
action of progestins in deloying delivery depends on formulation and route of administration.” There is
still considerable uncertainty regarding the progesterone effect on PTD and the uncertainty is further
compounded by the unclear mechanism of action, Additionally, without demonstroted reduction in
neonatal mortality, any benefit remains questionable. Consequently, the rotes of progesterone usoge
for this indication are strikingly different oll over the world: 74% of proctitioners in the US prescribe
progesterone,® compored to only 5% in Australic and New Zeclond® Fortunately, as of 2008 there




J

A

{ )

s',u ¥ poGsiz2e10 0
o www fogsi.org

were 20 different registered randomized controlled trials of progesterone all over the world, and we
can expect more conclusive statements to come.

Recent perspectives on cervical cerclage

Cervical cerclage waos devised more thon 50 years ogo and the original indication included both
historical and contemporaneus factors.”*® The appropriote candidote hod to hove o history of 2
trimester losses presenting os poinless dilotation in the absence of infection, ruptured membranes
or fetal demise, as well as asymptomatic cervical changes in current pregnancy. By now however,
cercloges are being considered for all kind of unproved indications, even without o history of prior
losses, or without cervical changes in the index pregnancy, to the effect that presently, in the United
States, 1% of oll pregnancies will undergo cercloge placement.®

According to an older British study from 1993, an elective cercloge (ie cercloge ploced in the absence
of contemporaneus cervical changes) is justified only in women with a history of 3 or more second
trimester losses or PTD's.™ Although this conclusion has frequently been presented in the literoture as
the result of o large randomized triol, the observation was in foct generated by o secondory analysis.
Furthermore, included in the secondory analysis were women who only had 3™ tnimester FTD's even
at 36 weeks, roising doubts about the categorization of such coses as cervical insufficiency, However,
what is cervical insufficiency? The entire concept gained a new perspective when recently, cervical
changes early in pregnancy were considered port of o continuum thaot can precede either preterm
or term spontaneous lobor. Cervical shortening early in pregnancy was no longer linked to an innote
or acquired cervical weakness, but viewed os on early asymptomatic phase in the path to PTD in
case of an acceleration of the normol process. As o result of this new paradigr, cerclage started
to be performed based only on current cervical changes in 2™ trimester, even without a history of
prior losses. The authors of o recent study in o mouse model noted however significant differences in
the molecular mechanism of cervical remodeling in preterm birth versus normal term ripening and
proposed that PTD should not be regarded as the result of on occeleration of the normal pothway,

Token together, current dota do not support cerclage placement based only on the finding of a short
cervix. A meta-analysis of 4 rondomized cercloge trigls in women with short cervix, found cerclage to
be beneficial anly in those women with a history of PTD.¥ On the other hond, history of PTD olone is not
sufficient. For the cerclage to be bengficial, the cervix in the current pregnancy has to be significantly
shortened on ultrasound, ot least according to the most recent randomized clinical trial of cerclage.™
in this study that rondomized 300 women with short cervix on ultrasound and history of PTD, benefit
with cercloge was noticeable only in those women with sonogrophic cervical length of less than 15
mim.

Evidence-based practical recommendations

As seen so far, the role of progesterone is far from conclusive, and the efficacy of cercloge is ot best
limited in the prevention of PTD. However, these are the anly interventions currently availoble to those
women and clinicians who may prefer intervention over no intervention when faced with the major
risk of PTD. A few proctical guiding points con be made bosed on current occumuloted evidence:

Both progesterone supplementotion and cerclage placement are ineffective in multiple pregnancies.
| This fact has been confirmed in many randomized studies, irrespective of the formulotion used or
population included.***** Many reports over the years have indicated o lack of benefit with cerclage
in multiple pregnancies and actually suggested the possibility of harm, The 2005 metoanalysis by
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Berghello et ol indicated thot cercloge plocement in twins may double the rote of PTD and may increase
neonatal mortality.™

In women with suspected cervical insufficiency, the risk moy be more precisely estoblished with
sonographic cervical surveillance starting ot 16 weeks, Waiting for cervical changes to occur, even in
women with highly suggestive history for cervicol insufficiency, the window of therapeutic opportunity
i5 not going to be missed, bosed on dota from severol rondomized triols. ¥ The advantoge with seriol
ultrasounds insteod of electively placing a cerclage is that women who don't need intervention may be
identified ovoiding unnecessary surgical risks. When the cervix is less than 20 mm and fetal fibronectin
is negative (only ofter 20 weeks|, cercloge may be considered. We are not recommending a prescriptive
cutoff of 15 mm as it may be inferred from the findings of the Owen randomized triol, ™, becouse
women with too shart o cervix may have o high rate of subclinicol introamniotic inflammation. They
may have already entered the irreversible phose of parturition with activation of the inflasmatory
cascade, ond cercloge would not be effective or evén advisable @ A recent study demonstrated that in
midtrimester. o fourth of coses with cervical length less than 15 mm have intraomnictic inflammation
(defined by metalloproteinase concentration, a better predictor of inflammation/infection thon IL-6)
and even culture-proven infection in 4% of coses.*! Choosing a higher threshold, such os 20 to 25 mm,
moy increase the folse-positive rate of ultrosound surveillance, exposing women to a heightened risk
of unnecessary intervention.™ Furthermore, the risk of spontanecus early PTD increases only from
1.1% at o cervical length of 25 mm to 4.0% with a cervical length of 15 mm [compared with 78% risk
when the cervix is 5 mml suggesting that the risk ocuity is not so morked with progressive cervical
shortening between 25 and 20 mm.“

When the short cervixis an incidental finding (no history of PTD). or the cervix is only minimally shortened
ond/or fetal ibronectin is positive, progesterone supplementation may be considered. Consistent with
the findings of a randomized comparisan of cercloge vs progesterone in 79 women with short cervix
on ultrasound, cerclage is superior to progesterone only in women with cervical length less than 15
mm.*

There is emerging evidence that only women with short cervix in the absence of infection/inflammation
may benefit from cercloge*** Fetal fibronectin in the cervico-vaginal secretions ofter 20 weeks
gestotion is a genital marker for inflammation and identifies a subgroup of women with short cervix
who would not benefit from cerclage plocement, Similar coution should be exercised when cervicaol
sludge, an inflammatory exudate is identified by ultrasound in praximity to the internal os.
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