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Abstract

Spontaneous preterm birth (SPTB), defined as delivery before 37 weeks gestation, remains a
significant obstetric dilemma even after decades of research in this field. Although trends from
2007 to 2014 showed the rate of preterm birth slightly decreased, the CDC recently reported the
rate of preterm birth has risen for two consecutive years since 2014. Currently, 1 in 10 pregnancies
in the US still end prematurely. In this chapter, we will focus on the “compartment” of the cervix.
The goal is to outline the current knowledge of normal cervical structure and function in
pregnancy and the current knowledge of how the cervix malfunctions leading to SPTB. We will
review the mechanisms by which our current interventions are hypothesized to work. Lastly, we
will outline gaps in knowledge as well as future research directions that may lead to novel and
effective interventions to prevent premature cervical failure and SPTB.
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THE PERSISTENT PROBLEM OF SPONTANEOUS PRETERM BIRTH

Spontaneous preterm birth (SPTB), defined as delivery before 37 weeks gestation, remains a
significant obstetric dilemma even after decades of research in this field. Although trends
from 2007 to 2014 showed the rate of preterm birth slightly decreased, the CDC recently
reported the rate of preterm birth has risen for two consecutive years since 2014. [1]
Currently, 1 in 10 pregnancies in the US still end prematurely. [1] For providers on the
frontlines providing obstetrical care, it remains a frustrating experience to explain to patients
that our armamentarium of interventions to prevent SPTB is limited and not entirely
effective. In fact, approximately 95% of cases of SPTB are intractable to current therapies.
[2] When one witnesses the enormity of the emotional and financial burden that patients
must endure, particularly when babies deliver at the cusp of viability or in the severe preterm
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period, it is clear the obstetric/research fields must do more to comprehend how the
reproductive organs function in normal pregnancy and how they malfunction resulting in
SPTB. The fact that in this day and age where cancers are being cured with cutting edge
therapeutics but we do not even understand how normal labor starts is exasperating.

The fundamental problem of delineating why SPTB occurs and why our interventions fail to
effectively and reliably prevent SPTB is three-fold. First, we do not fully understand the
normal building blocks or tissue properties of the human uterus and cervix — this is because
it is challenging to obtain human tissue samples during pregnancy. Thus our knowledge of
how the essential building blocks change during pregnancy is extremely limited. Further,
without a solid understanding of what occurs normally, it is exceedingly difficult to
determine what “goes awry” or what is pathophysiological leading to malfunction and
SPTB. An analogy to this clinical scenario is: how does one fix a broken car when one does
not have the manufacturer’s manual detailing the car parts and how they assemble and work
together? Second, the hypothesized etiologies of SPTB are incredibly diverse and complex.
These include, but are not limited to, underling genetic predispositions, ethnic differences,
environmental factors, hormonal causes, mechanical properties (e.g. tissue mechanical
strength/stretch), immune factors, microbial players, and trauma. (Figure 1) Lastly, although
we tend to think of pregnancy as a whole entity, there are four different “compartments”
(uterus, amniotic membranes, fetus/placenta, cervix) that must cohesively interact and create
a healthy symbiotic relationship with each other and the rest of the female body in order to
produce a successful, term pregnancy. Although extensive research has been done on every
one of these etiologies or “compartments” in relation to SPTB, to fully understand what
occurs in normal pregnancies and those that result in SPTB, we must start to understand the
complex interactions that occur in each “compartment”, between “compartments”, and
between “compartments” and the various etiologies. (Figure 1) To do this, there needs to be
collaborative efforts and engagement from clinicians and experts in all these various fields of
research.

In this chapter, we will focus on the “compartment” of the cervix. The goal is to outline the
current knowledge of normal cervical structure and function in pregnancy and the current
knowledge of how the cervix malfunctions leading to SPTB. We will review the mechanisms
by which our current interventions are hypothesized to work. Lastly, we will outline gaps in
knowledge as well as future research directions that may lead to novel and effective
interventions to prevent premature cervical failure and SPTB.

NORMAL HUMAN CERVICAL TISSUE STRUCTURE AND REMODELING IN
PREGNANCY

The cervix is the structure located at caudal end of the uterus whose function is to keep the
fetus in utero until term. Once labor starts, the cervix dilates to allow for delivery of the fetus
and then within minutes the internal os closes which, along with uterine contraction,
achieves hemostasis. To date, although excellent research has investigated the process of
cervical remodeling, knowledge on how the human cervix goes from a firm, strong structure
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that can withstand the increasing load of a growing pregnancy to one that is soft and
compliant to allow for delivery of an infant and then closes within minutes remains limited.

Until recently, our knowledge of human cervical tissue architecture has been based on work
from the 1940s. This work suggests that unlike the uterus, which is the muscular
powerhouse, the cervix is a hydrated, mainly collagenous (80-90% collagen) structure with
very minimal cellular content (10-15%). The stromal extracellular matrix (ECM) has also
been found to contain matricellular proteins, proteoglycans, glycosaminoglycans and a small
amount of elastin fibers. [3-6; Figure 2] Since the cervix was thought to be mainly collagen/
ECM, the working paradigm has been that the cervix is a “passive bystander” in the process
of parturition. Somehow the collagen matrix remodels itself and the cervix starts to passively
dilate due to the strength of uterine contractions. As such, many studies since the 1940s have
focused on how the collagen network provides the mechanical strength to the human cervix
and how the collagen/ECM network changes in pregnancy.

The mechanical strength of the cervix in pregnancy has been thought to depend on two main
components of cervical tissue architecture: 1) the type/ organization of the collagen network
and 2) the degree of tissue hydration. Early studies in the 1970s and 1980s of human
cervical tissue samples reported the organization of the collagen network, or scaffold in the
cervix, had a particular anatomical organization. Specifically, these early studies described
three distinct “zones of collagen” in the cervix, which are thought to provide tissue strength.
These studies found a middle zone in the stroma where collagen fibers are oriented
circumferentially around the endocervical canal. This zone is hypothesized to prevent
cervical dilation. These studies also reported two zones (one along the endocervical canal
and one along the outer edge of the cervix towards the vagina) that run parallel to the
endocervical canal. These zones are thought to attach the cervix with the ECM/collagen
network in the uterus to ensure the cervix stays attached to the uterus (Figure 3). [7-10]
Recent work suggests these collagen “zones” may not be as distinct as previously thought,
and the collagen scaffold may be more complex with interweaving zones that depend on the
geographic region in the cervix (i.e. the internal os appears different than the external os).
[11, 12] For example, Yao et al suggests the circumferential zone of collagen, found in the
earlier studies, is not just limited to the middle stroma but extends to the outer border of the
cervix (Figure 4). [11] Continued studies characterizing the directionality of the collagen
fiber network accompanied with detailed mechanical test are needed to understand the
structure-function relationship of the cervix and its corresponding mechanical performance.

At the collagen fiber level, several studies in rodents have described that in the nonpregnant
and early pregnant state, the collagen fibers are neatly packed creating organized scaffold
that likely provides stability and strength to the tissue — similar to a well-organized, tightly
packed Jenga® puzzle. As the cervix remodels in pregnancy, the tissue is thought to soften
in distinct phases by increasing disorganization and instability of this collagen scaffold.
Specifically, rodent studies have shown that as pregnancy progresses, there is increased
spacing between collagen fibers as well as changes in the shape and size of collagen fibers.
[13-23] The mechanism by which the collagen network changes and becomes disorganized
is thought to involve an influx of immune cells (a sterile inflammatory response) and release
of matrix metalloproteinases (MMPs), enzymes that degrade collagen/ECM. [24-39]
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However, what triggers this sterile inflammatory response and remodeling of the collagen
matrix remains unclear.

New data suggests that in addition to the overall organizational structure of the collagen
scaffold, mechanical strength of collagen network is also directly related to the type and
degree of collagen crosslinking between collagen fibrils. Yoshida et al demonstrated as
pregnancy progresses in mice, there appears to be a decrease in the collagen crosslink
maturity ratio (the ratio of mature to immature collagen crosslink densities) which correlates
to softer, more compliant cervical tissue. [40] We have shown collagen crosslinks can be
measured in the human cervix and regional differences exist in the cervix. [41] However,
how collagen crosslinking changes in human cervical tissue during pregnancy remains
unknown.

The second factor that is thought to influence to the mechanical strength of the cervix is the
degree of tissue hydration. Rodent studies have shown that as the cervix remodels/softens in
pregnancy, there is an increase in water content in cervical tissue. The increase in hydration
is thought to be an additional mechanism to disrupt the stable, strong collagen scaffold
resulting in a disorganized/weaker tissue. [13,15-17, 42,43] Studies have shown that as
hydration increases in cervical tissue in pregnancy, there is a concomitant increase in
hyaluronic acid (HA) content, a glycosaminoglycan that is thought to increase hydration in
tissues. However, a recent study by Akgul et al found that HA is not essential to normal
cervical ripening. [42] Thus, although tissue hydration seems to play an important factor in
cervical softening, the exact mechanism of what triggers the influx of water into the cervical
tissue is unknown. [44]

Recent studies have also discovered there are smaller ECM components that appear to be
critical to the mechanical strength of a tissue. These include matricellular proteins and
proteoglycans (ie decorin, versican, fibromodulin, biglycan, asporin) known to assist in
organizing collagen fibrils in the collagen network. [20, 45-50] Matricellular proteins (i.e.
tenascins, thrombospondins, SPARC proteins) are rapidly turned over during cervical
remodeling in rodent pregnancies and these proteins are thought to be important in
regulating ECM production as well as play a role in cell-ECM interactions. [45,51].

This chapter provides a brief overview of the prevailing concepts of normal cervical tissue
structure and how the cervix remodels/softens in pregnancy. Extensive research has been
done, particularly in rodents, regarding this remodeling process. Please consider the
outstanding reviews by Timmons et al [16], Word et al [13], Nallasamy et al [52], House et
al [14], Mahendroo et al [15] and for further complete details about this process and the
distinct remodeling phases reported in rodent cervix. Although rodent studies are critical to
understanding changes in pregnancy (as human tissues are challenging to obtain in
pregnancy), we must remember that the findings in rodent studies have not been confirmed
in human cervical tissue samples. In addition, we must keep in mind that the reproductive
organs as well as hormonal milieu in rodents do not fully mimic humans. Lastly, as
quadrupedal animals, the uterus/cervix in a rodent does not share the same gravitational
force exposures as bipedal humans.
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AN UPDATED MODEL OF CERVICAL TISSUE STRUCTURE AND FUNCTION
IN PREGNANCY — IS THE INTERNAL OS A SPECIALIZED SPHINCTER?

In 1996, the landmark study by lams et al established that a short cervical length as
measured by transvaginal ultrasound is an important predictor of SPTB. [53] Since then
studies have shown that as a cervix starts to fail, there appears to be funneling or dilation
that seems to start at the internal os. [54] In addition, it is common obstetric knowledge that
a “multiparous” cervix can be characterized as one where the external os is soft and dilated
where the internal os is tightly closed. From a research/tissue architecture perspective, these
regional differences in cervical tissue function do not make sense if we use the prevailing
paradigm that stated the cervix is a homogenous collagenous structure. If the cervix were a
homogenous structure it should in theory act the same regardless of regional location (ie
internal vs external os). The prevailing paradigm that characterizes the cervix as
homogenous, collagenous, “passive bystander” in the process of parturition also does not
explain how the cervix, within minutes after delivery of a fetus, actively closes at the internal
os, while the external os can stay dilated for hours/days/weeks. Collagen is not fully elastic
and does not have the ability to retract a cervix that is ten centimeters dilated to one that is
closed in that short timeframe.

To investigate why these regional differences in function existed, our lab recently
reevaluated the architecture of human cervical tissue with specific attention to geographic
differences between the internal and external os. We found that the area of the internal os
histologically looks completely different than the external os. Unlike the external os which
appears to be mostly collagen with a small amount (about 10%) of smooth muscle cells that
were scattered in the stroma, the internal os contains approximately 50-60% smooth muscle.
There also appeared to be a pattern to the smooth muscle distribution at the internal os.
Specifically, the smooth muscle bundles were circumferentially oriented around the
endocervical canal. [6] This orientation of smooth muscle persisted until the mid-cervix
from which the smooth muscle content gradually decreased (Figure 5). [6] In addition, we
found that when stimulating human cervical tissue with oxytocin, cervical tissue obtained
from the area of the internal os was more contractile than tissue obtained from the external
0s. [6]

When taking into consideration these findings as well as the clinical knowledge that the
internal os appears to be the critical area that keeps the cervix closed (ie in multiparous
women) and fails in women with premature cervical shortening, we began to wonder if the
area of the internal os is a specialized sphincter. If the internal os is indeed a specialized
sphincter, we then contemplated the question, “is premature cervical failure at the internal os
in women with cervical shortening actually evidence of the sphincter failing to keep the
pregnancy in utero?” Similarly, this concept of a specialized sphincter could explain how the
internal os closes so rapidly after delivery of a fetus. When one considers the bladder and
rectum, which are pelvic organs that share similar functions to the uterus (ie they must retain
a product and when full or at certain pressure threshold release this product), it would make
biologic sense that the uterus has a specialized sphincter that functions to keep its product
(the fetus) in utero until it is triggered at a certain threshold to deliver its contents.
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The idea of a sphincter at the internal os is actually an idea that was introduced decades ago
but over time faded from focus. In 1931, Ivy et al demonstrated that during pregnancy,
macaques develop a strong sphincter at the internal os. [55] Schild et al demonstrated in the
1950s that the cervix can contract independently from the uterus when stimulated by various
contractile agonists. [56] Similarly, studies in the 1980s and 1990s demonstrated that
electromyography (EMG) activity can be detected in the human cervix and suggested that
contractility of the human cervix can prolong the length latent labor. [57-63] It is unclear
why the concept of a sphincter at the internal os faded from focus. However, the re-
emergence of the idea of a specialized sphincter in the cervix now opens a vast new horizon
of possibilities to explain how a cervix functions and malfunctions in pregnancy.

EVALUATING THE MECHANSIMS OF PREMATURE CERVICAL
REMODELING AND CURRENT TREATMENT OPTIONS TO PREVENT SPTB

Since the prevailing paradigm noted the cervix was a mostly collagenous structure, most of
the studies to date have focused on identifying a “collagen defect” which leads to a weak
cervix that fails prematurely in pregnancy. To date, although various studies have been
published, results have been mixed in terms of finding a clear identifiable “collagen defect”
in the cervix in women with cervical insufficiency. [64—71] The inability to find a clear
“collagen defect” in women with cervical insufficiency likely lies in the following issues.
First, the criteria to define “cervical insufficiency” in these studies were not standardized.
Second, the methods of obtaining cervical samples from the human cervix were not
standardized. Many studies sampled the external os (which we now know is histologically
different than the internal os) and most studies sampled the cervix either in the nonpregnant
state or after delivery which may not fully capture the pathophysiologic state of the failing
cervix. Lastly, the challenging obstacle to performing human cervical tissue studies is
finding appropriate gestational-age matched normal controls. Most of the referenced studies
used either nonpregnant patients or non-gestational age matched patients as controls. [72]

The second mechanism frequently hypothesized as an etiology of premature cervical
remodeling is infection. Many studies have evaluated this concept in rodent studies with the
introduction of an infectious/inflammatory agent (ie lipopolysaccharide) as the trigger for
the inflammatory process leading to premature cervical remodeling. [52, 73-78] Emerging
fields that study the microbiome of the vagina also may begin to elucidate the microbial
causes of premature cervical remodeling. [79-82] However in many cases, no clear
infectious or microbial etiologies are found. [83] Thus, the third hypothesis being explored
is one where the normal sterile inflammatory process, which remodels the cervix at term, is
triggered prematurely. [26] Unfortunately, the trigger that starts the possible sterile
inflammatory process remains unknown. The main obstacle to date of understanding how a
cervix prematurely remodels lies in the fact that we do not understand how a cervix
remodels in normal pregnancies. With this lack of fundamental knowledge, it is incredibly
difficult to know what changes are “pathologic” and what triggers true premature cervical
remodeling.

Best Pract Res Clin Obstet Gynaecol. Author manuscript; available in PMC 2019 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vink and Myers

Page 7

TREATMENT OPTIONS FOR PREMATURE CERVICAL REMODELING

The mainstay of current treatment options for women who are faced with a prematurely
failing cervix (as identified by a short or dilated cervix) or a history of premature cervical
failure leading to SPTB lies in progesterone therapy, cerclage or possibly the cervical
pessary.

Progesterone

FArogesterone therapy appears to be effective in preventing SPTB in a subset of high-risk
women. As other chapters in this issue will focus specifically on progesterone therapy to
reduce SPTB a brief overview will be reviewed here. In the seminal trial by Meis et al,
weekly intramuscular injections of hydroxyprogesterone caproate from 16 to 20 weeks of
gestation until 36 weeks in singleton pregnancies significantly decreased the rate of SPTB
by approximately one-third in women with a prior SPTB. [84] Additionally, another seminal
trial by da Fonseca et al showed that women at risk for SPTB who received to daily vaginal
progesterone suppositories from 24 until 34 weeks of gestation had decreased rates of SPTB
compared to patients receiving placebo. [85] Recently, the OPPTIMUM trial showed that
vaginal progesterone did not significantly reduce the primary obstetric (fetal death or birth
before 34 weeks) or neonatal composite outcomes (death, brain injury, or bronchopulmonary
dysplasia). [86] A subgroup analysis of women with a history of a prior SPTB, found that
vaginal progesterone had no significant effect on both obstetric and childhood outcomes, but
it did show a possible treatment effect on composite neonatal outcome (OR 0.48, 95% ClI
0.29-0.79; P-interaction 0.053). [86]

In women with an incidental short cervix (no prior history of SPTB, current singleton
pregnancy), several trials have shown that vaginal progesterone may decrease the rate of
SPTB in this cohort of women. [87,88] A recent systematic review and meta-analysis of
individual patient data from randomized trials which included data from the OPPTIMUM
trial found that vaginal progesterone supplementation significantly reduced the risk of
preterm birth and neonatal morbidity/mortality in singletons with a cervical length <25 mm.
[89] In contrast to vaginal progesterone, trials which randomly assigned weekly
intramuscular hydroxyprogesterone caproate (250 mg or 500 mg) or placebo to singleton
pregnancies complicated with a short cervix found that hydroxyprogesterone caproate did
not reduce the risk of preterm birth. [90,91] As such, weekly intramuscular
hydroxyprogesterone caproate is not recommended for women with a short cervix without a
history of prior preterm birth.

Given these findings, the American College of Obstetricians and Gynecologists (ACOG) and
the Society for Maternal Fetal Medicine (SMFM) have published guidelines on which
patients should receive progesterone treatment. [92,93] However, although some studies
have shown benefit, progesterone therapy should not be thought of as a cure-all for every
woman at risk for SPTB. Several studies have shown that even if all pregnant women in the
U.S. who have a history of preterm birth receive progesterone, the risk of SPTB would only
be reduced by a mere 20 percent. The absolute preterm birth rate would only be reduced by
a shocking 0.01 percent. [84, 85, 94, 95] In addition, if women with an incidental short
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cervix were effectively treated with progesterone therapy, we would only see an additional
absolute risk reduction of only 0.02 percent. [95]

The reason why progesterone is not effective in every treated patient remains unclear. One
reason may lie in the fact that we do not fully comprehend how progesterone works —
specifically in the compartment of the cervix. Studies have suggested that progesterone may
regulate cervical remodeling through different methods. [13,15] Progesterone may influence
cell function that may in turn modulate the components in the cervical ECM (ie collagen
synthesis [96], glycosaminoglycans [97]) that can in turn influence ECM organization.
Progesterone withdrawal also appears to be essential to the cervical ripening phase that
occurs just prior to delivery. Mice that have an abnormally high level of progesterone at the
end of pregnancy (due to abnormalities in progesterone metabolism) have been found to
have impaired cervical ripening. [98] In addition, mifepristone to women induces cervical
ripening. [99,100] Lastly, since cervical remodeling is thought to involve an inflammatory
process, progesterone is thought to have an anti-inflammatory effect that may mitigate the
remodeling process. However, the data on how progesterone may counteract inflammation
has been mixed. [101] Further, if there is in fact a specialized sphincter at the internal os as
the updated paradigm of cervical tissue structure suggests and progesterone is thought to
“quiet” smooth muscle (ie prevent premature activation of the myometrium and labor),
would progesterone be in fact “relaxing” the sphincter? To date, no studies have evaluated
the effect of progesterone on cervical smooth muscle function. Cleary, further studies are
needed to first understand the mechanisms behind normal cervical remodeling in pregnancy
as well as understanding pathogenic states of premature cervical remodeling. Once these
mechanisms are understood we may then finally begin to understand why progesterone
works in some but not all women with premature cervical remodeling to prevent SPTB.

Cervical cerclage is a procedure that involves placing a suture around the cervix in order to
mechanically keep the cervix closed during pregnancy. To date a variety of studies have been
performed to evaluate the effectiveness of cerclage in preventing SPTB. Currently both
ACOG and SMFM have suggested guidelines as to which patient populations are candidates
for cerclage placement. [93,102] ACOG states a history-indicated cerclage, placed in the late
first or early second trimester, can be considered in a patient with cervical insufficiency
(defined as a “history of unexplained second-trimester loss or preterm delivery in the
absence of labor or abruptio placentae™). [102] This recommendation is based on three
randomized controlled trials. Although two of the three the trials that no significant
improvement in perinatal outcomes in women who underwent cerclage placement [103,
104], the third trial by the Medical Research Council/Royal College of Obstetricians and
Gynaecologists found positive results. Specifically, this study which evaluated women with
singleton pregnancies at high risk for SPTB, found a decreased rate of SPTB at less than 33
weeks in women who underwent cerclage placement (83 [13%] vs 110 [17%], P=.03). [105]

Women with a history of prior SPTB who are currently carrying singleton gestations also
have the option of undergoing cervical length screening from 16 until 23+6 weeks gestation
and undergoing an ultrasound cerclage placement if the cervical length shortens to <25mm.

Best Pract Res Clin Obstet Gynaecol. Author manuscript; available in PMC 2019 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vink and Myers Page 9

[93,102] In this cohort of women, cerclage has been shown to be associated with improved
perinatal outcomes and composite neonatal morbidity and mortality. [106,107] Women who
present with asymptomatic advanced cervical difation without evidence of infection have
historically been candidates for physical examindicated cerclage (also known as emergency
or rescue cerclage). [102] ACOG states, however, that “given the lack of larger randomized
trials that have demonstrated clear benefit, these women should be counseled about the
potential for associated maternal and perinatal morbidity”.[102]

Although multiple randomized clinical trials and retrospective studies have evaluated the
efficacy of cerclage in the above mentioned patient cohorts, it is unclear why cerclage works
in some women and not in others. Could it be that there is a critical threshold of “softness”
after which a cerclage is no longer able to hold the cervix closed? For instance, if the
cervical tissue was “moderately” remodeled (ie had the consistency of recently chewed gum)
would the cerclage hold better than in a cervix that had undergoing extensive remodeling
and now had the consistency of butter? If so, what is that critical “softness” threshold? In
addition, are there certain conditions where a cerclage may actually enhance the remodeling
process via triggering an inflammatory response? An intriguing study by Kindinger et al
recently evaluated the effect of braided vs monofilament cerclage suture on perinatal
outcomes and vaginal microbiome. The study found that braided cerclage was associated
with increased intrauterine death and preterm birth vs monofilament suture. Braided suture
was also associated with a persistent shift toward vaginal microbiome dysbiosis
(characterized as “reduced Lactobacillus spp. and enrichment of pathobionts™) which was
associated with excretion of inflammatory cytokines into cervicovaginal fluid. [108] There is
still much more work to be done to understand the effect of cervical tissue consistency on
how well the cerclage will hold and also the effect of cerclage placement at a cellular and
microscopic level.

This data may allow us to better optimize and risk stratify which women would benefit from
this therapeutic intervention.

Pessary

The cervical pessary has been tested in several studies as a possible intervention to prevent
SPTB in singleton pregnancies. Although there are a few studies which show evidence of
benefit [109-111], a recent large, multicenter trial of women with short cervices
demonstrated no overall benefit of pessary in preventing SPTB. [112] Studies, are currently
being conducted by Maternal Fetal Medicine Units Network through the Eunice Kennedy
Shriver National Institute of Child Health and Human Development to further evaluate the
efficacy of pessary in preventing SPTB. Interestingly, there is a paucity of data that evaluates
how the pessary may work. The prevailing thought is that the pessary works similar to a
cerclage in that it is a mechanical device that keeps the cervix closed during pregnancy. It
has also been suggested that the pessary may alleviate the amount of pressure on the cervix
by shifting the angle of the cervix. [113] However, no studies to date have evaluated what
the pessary does to the cervix at a biochemical/cellular level in the cervix. In addition,
similar to the cerclage scenario, is there a critical threshold at which the cervix is “too
remodeled” or “too soft” where the pessary won’t be effective. Perhaps there are other

Best Pract Res Clin Obstet Gynaecol. Author manuscript; available in PMC 2019 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vink and Myers

Page 10

characteristics about the cervix outside of a “short cervix” that may help us better risk
stratify patients to optimize outcomes.

Lastly, not every woman’s pelvis or reproductive organs are identical in terms of geometric
shape. Is it possible that the current available pessaries are not a “good geometric fit” to
certain women’s pelvises? Our lab has started investigating this “geometric” question by
creating personalized finite element computer simulation models of pregnancy.(114-116)
These specialized computer models take into account factors such as maternal tissue
properties (ie strength of uterine tissue, fetal membranes, cervical tissue), maternal pelvic
geometry (ie cervical and uterine dimensions, including cervical angle) and intrauterine
pressure to simulate and predict how the cervix will mechanically function in pregnancy.
Specifically, these specialized computer models determine how much stretch is present
within the uterus, fetal membranes, and the cervix, giving us insight into which structural
factors drive tissue stretching at the internal os. These computer simulation models will be
critical in helping us understand how the various “compartments” interact to influence
cervical function, elucidate how certain interventions (ie the pessary) may work in keeping
the cervix closed, and develop personalized therapeutics to enhance the mechanical
performance of the cervix.

Treatment options for a failing cervix in multiple gestations

To date, treatment options for multiple gestations that encounter premature cervical failure
remains a conundrum. Cerclage may increase the risk of SPTB in these women and is not
currently recommended by ACOG. [102, 117] Although a recent meta-analysis of individual
patient data showed that vaginal progesterone decreased the rate of SPTB < 33 weeks in
women with twin gestations and a short cervix (<25 mm), current ACOG guidelines do not
recommend treatment. [90] SMFM states in twin pregnancies with a short cervical length
(=25mm before 24 weeks of gestation), vaginal progesterone may decrease the rate of
adverse perinatal outcome but does not give specific guidelines. [93] Current guidelines
regarding the use of the pessary in multiple gestations are lacking.

FUTURE RESEARCH AND TREATMENT OPTIONS

We are currently in a very exciting time in Obstetrics. The updated paradigm of cervical
tissue structure that includes the possibility of a specialized sphincter in the cervix finally
opens a vast array of mechanistic possibilities to explain how the cervix functions in normal
pregnancy as well as how it may malfunction causing premature cervical failure. This
paradigm suggests that cervix is not a “passive bystander” in the process of normal
parturition but may indeed be an active player — possibly even the quarterback that regulates
the entire process. As we move forward, areas of active interest will lie in trying to
understand the role of cervical smooth muscle cells in regulating cervical function. For
instance, what influences contractility of this possible sphincter? We know the cervix
remains highly innervated during pregnancy while innervation of the uterus decreases. [72]
Is there neuronal control of this specialized sphincter? If so, could there be an imbalance of
neuronal signals that cause the sphincter to malfunction? Further, smooth muscle bundles in
the possible sphincter need a supply of blood/oxygen/nutrients. How does the blood supply
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to the cervix change in pregnancy and do changes influence smooth muscle function? To
date, our knowledge of cervical vasculature and perfusion in pregnancy is lacking. Lastly,
we know from literature on other body systems such as vasculature and uterus that smooth
muscle cells are mechanosensitive and mechanical factors such as stretch can trigger the
secretion of enzymes involved in remodeling ECM. [72] As a pregnancy grows, there is an
increasing amount of pressure and stretch that occurs at the internal os. [115] Could there be
a critical level of stretch of the smooth muscle cells in the possible specialized sphincter that
triggers cervical tissue remodeling?

As we start to investigate these novel areas, it is imperative that we remember to first
understand “normal” Auman tissue structure/function prior to delineating what is
“abnormal”. In order to understand how pregnancy functions or malfunctions as a whole it
will also be critical that experts from each of the various “compartments” and etiologies (i.e.
uterus, cervix, fetal membranes, fetus/placenta, immune/vascular/nervous systems,
environment etc.) to engage in open, multidisciplinary collaboration and communication.
Lastly, as more attention is paid to the cervix, it may be time that we stop lumping patients
into categories such as “long, normal” and “short, abnormal”. Given that not all women with
a “short” cervix behave the same, is it time that we develop a way to better categorize or
phenotype women who have a failing cervix? This new categorization system may include
factors such as length, consistency (tissue strength and/or hydration), muscle function and/or
inflammatory profiles. Although more work will need to be done to accurately and reliably
evaluate these factors, with such an approach, we may finally be able to perform better risk-
stratification of patients as well as develop novel therapeutics that may one day finally solve
the persistent problem of spontaneous preterm birth.

SUMMARY:

This chapter reviews the current knowledge of human cervical tissue function and introduces
a revised paradigm which includes the possibility of a sphincter at the internal os. We also
review current treatment options for women whose pregnancies are complicated by a
prematurely failing cervix as well as current gaps in knowledge regarding how these
treatment options may work to prevent SPTB.
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PRACTICE POINTS:

An updated paradigm of cervical tissue structure and function introduces the
possibility of a specialized sphincter at the internal os.

Our current understanding of how the human cervix remodels in pregnancy is
limited.

Current treatment options for singleton pregnancies with a prior SPTB
include hydroxyprogesterone caproate from 16 to 20 weeks until 36 weeks
gestation. These patients may also undergo cervical length surveillance
starting at 16 weeks until 24 weeks gestation and undergo an ultrasound-
indicated cerclage placement if diagnosed with a cervical length < 25mm
prior to 24 weeks gestation.

For singleton pregnancies without a history of prior SPTB who are found to
have an incidentally short cervix (< 20mm), daily vaginal progesterone is
recommended.

Women with a history of cervical insufficiency (defined as “history of
unexplained second-trimester loss or preterm delivery in the absence of labor
or abruptio placentae™) may undergo history-indicated cerclage placement.

Current recommendations for the use of the cervical pessary in singletons are
lacking.

Current treatment guidelines for multiple gestations who present with
premature cervical failure are lacking.
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RESEARCH AGENDA:

. Understand the profile of proteins that exist in the normal human cervix, how
these proteins change as the cervix remodels in pregnancy and their influence
on resident cell function in the cervix

. Role of cervical smooth muscle in cervical function in pregnancy

. Role of neuronal and vascular changes in the cervix as the cervical remodels
in pregnancy

. Understand how “geometric” factors such as uterine/cervix shape/angle,
tissue mechanical properties etc influence pregnancy outcomes

. Further investigate how currently available treatment options affect cervical
tissue at the cell/matrix level.
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Factors that can affect each “compartment”

Behaviors
Bleeding
Cervical dysfunction
Demographics Fetus/
Environment Placenta
Fetal/maternal HPA axis
Genetics
Infection/inflammation
Microbiome
Race/ethnicity
Socioeconomics
Mechanical forces (stretch) Uterus Cervix
OTHER

The Complex Relationship of the “Compartments

Amniotic Sac

”

FIGURE 1:
Diagram showing the complexity of SPTB. This figures lists various factors that can

“trigger” or “activate” each compartment (uterus, cervix, fetus/placenta, amniotic sac) which
can ultimately lead to SPTB
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Image adapted from Vink et al showing the prevailing paradigm of cervical tissue structure
which states the cervix is mainly a homogenous collagenous structure with minimal cellular

content. (6)
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Endocervical canal 7

FIGURE 3:
The proposed three zones of collagen organization which consists of an outer and inner zone

of collagen fibers that run parallel to the endocervical canal and a middle zone of fibers that
are circumferentially organized around the endocervical canal. (7-10)
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transverse slice of human nonpregnant cervical tissue at level of internal os showing there is

Images adapted from Yao et al showing optical coherence tomography images of a
an outer zone of circumferentially oriented collagen fibers. (11)

FIGURE 4:
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Image adapted from Vink et al showing the updated paradigm of cervical tissue structure
which states the upper half of the cervix contains a significant amount of smooth muscle that

are circumferentially oriented around the endocervical canal. (6)
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