Premature Birth

An effort to prevent afirst time and every time







Introduction

At Garden OB/GYN, we believe that the key to a favorable pregnancy outcome is routine monitoring for

fetal and maternal well beingThis is why it is vital that we are diligent in our practices to ensure a baby

stay in the womb for as long as possibliNJPG SNY O0ANIK A& 2yS 2F 2dzNJ yIF (A2
According to theCDCin 2012, 1:9 bales were born prematurely .

Prematurity is defined as a fetus that is born before the 37 weeks of gestation. There are many risk
factors that are known or suggted to contribute to what is known as the leading cause of neonatal
death. According taChild Health USAweterm birth is leading cause of infant death in the United
States, accounting for over a third of all infant deaths.

At our practice we delivasver 1,200 babies annually. In 2014 we delivered 1,309. Of tbebe
41 patients delivered prematurely giving us a preterm delivery rate of 3.10% wisigmicantly lower
thanthe national average at 11.4%. New York State, although slightly Ive#teithe National Average
at 10.9%, is still more than double the percentage of GardefGIR Graph J.
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Ultrasound Aiding in Detection of Preterm Birth

Our hypothesis suggests that routine transvaginal ultrasound is the reason Garden
OBGYN has a lower preterm birth reatteen the National averagé average for New York
State

Garden OB/GYN has created strict guidelines in the management of our obstetrical
patients. Patients are closely monitored in ggstegnancy up to delivery with state of the art
ultrasound technology. Doing so, we are able to ensure our patients are being evaluated
thoroughly at every office visit. With routine ultrasound imagining, we can help reduce the
occurrence of premature deery with measurement of cervical lengtimage1). Cervical
assessment and measurement is most useful to help predict pregnancies which are at a higher
risk of preterm delivery. The most accurate measurements are obtained through transvaginal
ultrasowund (mage2).
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Image 1 Normal cervical length vs. Short cervix
Image 2 Transvaginal ultrasound transducer.



Knowingthe risk factors contributing to potential preterm birfichart 1) at Garden
OBGYN, patients are assessiearoughly, whether there ar&nown risk factors or not. Our

goalistoensure allpey Y OASad 6KSGKSNI AlG 0S | catdedioh Sy G4 Q

term. Transvaginal ultrasound provides us the imaging needed to detect uterine and cervical
changes suggestive for preterm labor. Whegrvical shortening is detectederclage
placementand/or progesterone therapy is initiatedClose observation of patients along with
Perinatal examination, allows us to ensure all patients are evaluated eqUdlgse factors set

us apart from the other OB YN practices.

Risk Factors Contributing to Potential Preterm birth

WWVomen, who have experienced preterm labor or delivery in the past, are considere
be at high risk for preterm labor and birth.

uMultiple gestational pregnancies or the women who have turned to assisted reprod
technology are associated with a higher risk of preterm labor and birth. One study
showed that more than 50% of twin births occurred preterm, compared with only 10
births of single infants.

“] u-emale reproductive organ abnormalities such short cervix predispose women for
preterm delivery.

uHypertension
w/aginal bleeding
'¥] «Bhortened intervals between pregnancies (less than 6 months from birth to start of

pregnancy)

WVF pregnancies

oPlacenta previa

WWomen with history of uterine surgery (i.e. myomectonsurgical removal of uterine
fibroid, or prior cesarean delivery)

uBlood clotting disorders

uDiabetes (preexisting and gestational)

wAge of mother teenage pregnancy (under 18 years of age) or advanced maternal a

||| (over age 35)

i\ | «Ethnicity. Preterm labor and birth occur more often among certain racial and ethnic
groups. Infants of African American mothers are 50% more likely to be born preter
are infants of white mothers.

oLertain lifestyle and environmental factors, including: smoking, drinking alcohol, ille
drug use, late or no prenatal health care, abuse, stress, exposure to environmenta
pollutants, long working hours with long periods of standing,%etc.

Chart 1

Premature infants in the NICU
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Cerclage

In our medical practice, we have cared for many women with incidental cervical shortening as
well as women with a history of incompetent cerviervical shortening can occur in any patient
GKSUGKSNI AG A& | 62YlyQa 7FAinbdidefore NBIylyOe 2NJ A& &akKsS

Preexisting conditions may lead to cervical incompetence or premature cervical shortening
resulting in preterm birth. Cervical incompetence and cervical shortening may occur due the following

factors:

=A =4 =4 =4 -8 4

1
1
1

Uterine abnormalities

Genetic disorderaffecting collagen

LT GKS 62YFyQa Fylidz2zye KIFa || aK2NI OSNBAE
History of previous cervical insufficiency

History of cervical tear from a previous labor

History of a Conization surgery or Loop Electrosurgical Excision Procedure (LEEP) due to
cervical dysplasia

History of Dilation and Curettage

History of several terminated pregnancies

Maternal exposure to diethylstilbestrol (DES) before birth by her mother

However, patients may also experience these changes for unknown reasons

Cerclage su@ss rates are measured in live births. At GardehGYByj our cervical cerclage
success rate over the past ten years exceeds national reported averages in both singleton and twin

pregnancies.
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Open cervix Cerclage

FADAM

Regardless ohie above factors, all patients are approached with the same care guidelines,
including transvaginal ultrasourfdr screening and cerclage for prevention of preterm hirffhis key
factor sets us apart from all other practices. When the cervix demonstisdtertening, without
hesitation, cerclage is recommended.

Our success rate for singletons is at 96.61% this is inclusive of elective as well as emergent
cerclages that were ultrasound indicated; compared to the national average-@5®0for elective
cerclage and 4®0% for emergent cerclage. Of those patients 85.96% were delivered after 37 weeks
gestation (full term)95.76% of the successful outcomes, were delivered after 32 weeks gestatio
Although all premature babies are at risk for health issbabjes born before the 32week are at a
much higher risk of severe lasting health issues.

Cerclage Success

3.3%0.8%
Lz

12.73%

Extremely Preterm
=
I Preterm

. Full Term

. Poor Outcome

Garden OBGYN

Thanks to exceptional transvaginal ultrasound imaging, more babies are carried to term,
healthy.
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Complications Due tBrematurity

The national average of preterm Hirtate in 2013 resulteth nearlyhalf a million
babies born premature

From the very first time parents bring their premature baby home, the experience will
differ tremendously compared to a baby bdurdl term.

Example A 2 month old baby who was born full term will begin making a lot of cooing
and gurgling sounds and start to find their voice. This early milestone of communication is very
exciting for parents. When a premature baby is at 2 moritieg; may have only just learned
how to digest milk and finally come home from the hospital. A premature baby at 2 months
may only start to act like a newborn full term baby.

Preterm birth is a serious concern in the United States which could lead twuseri
health complicationgChart2).



Potential Preterm Birth Complications

wHalf of neonatal deaths are due to preterm birth
wCerebral Palsy

wNICU admission (average 8 weeks)

wMental retardation

wPalsies

wimpaired vision/blindness

wimpaired hearing/deafness

wSpeech Impediment

wlLearning and developmental delays

wlnability to experience a normal childhood along with pee
wQuality of life impaired

wDecreased lifespan

wAsthma

Chart2: List of preterm birth complications.

Children wheelchair bound due to Cerebral Palsy



Preterm birth leads tainnecessary @n and suffering of an innocent child due to
circumstances they have no control oveXot only do the children suffgbut the familiesdo as
well. Parents are unable twork enough to provide adequate care for children with health
problems and developmental issues. Inadequate work l¢adsadequate financial status
which can also lead to families growing apart.

o 30% more marriages end in divorce due to child disabilities
0 20% of all divorces in the United States are parents of childrém wi
disabilities¢ more of which are due to Cerebral Palsy

Financial Consequences of Preterm Birth

In 2005, the national cost of preterm birth wasore than$26 billion-if divided up
equally, would amount to $51,600 per infant born in that yealone. If appropriate protocols
were set in place, and for the sake of comparison the national preterm birth average was
3.1% instead, the healthcare system would save an average of $19 billion.

-Garden OB/GYN

Pretermbirth complications lead to exteng financial burdens. Averagiily NICU
costs can average anywhere from $4,000 up to $13,000 in New York siaterding to the
March of Dimes, the average expenditures for premature/low birth weight (LBW) infants were
more than 10 times as high as umaplicated newborn3. Total costs for premature birth can
exceed $2 milliofior one family, according t®IME In providing prenatal care utilizing the
guidelines of Garden @BYN, health care costs could be reduced significantly.

In the past 10 years, Garden BN has delivered over 7,768bies. In providing our
patients preventative prenatal care, we are able to not only save on initial healthcare costs
associated with delivery but as well save for the future of the child and the faittilg.cost of a
premature baby is astronomical.

1 Special education costs $30,000 a year per student
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1 Combined federal state and local spending on special education rose to more
than $3 billion per year and is on the rise
Not onlycan prematurity result in the monetary problems, but also in unexplainable

heartache and tears. hE toll taken on damily caring for a sick chitthn be devastating.

Preterm birth continues to be a serious complication for obstetrical patjemtsldwide

With routine ultrasound imaging, we have a clear understanding about tbégrancy and are
capable of diagnosing changes before it is too late. Although, the exact reasons for preterm
birth continue to be speculated, we firmly belieaesimple in office ultrasound cannot origlp
bring pregnancies to term but can also séives. Our practice continues to perform ultrasound
for patients and continues to excel in patient care. If all Obstetricians practice alike, preterm
birth can become a rarity.
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The Length of the Cervix and the Risk of Spontaneous Premature
Delivery

Jay D. lams, M.D., Robert L. Goldenberg, M.D., Paul J. Meis, M.D., Brian M. Mercer, M.D., Atef Moawad, M.D., Anita Das,
M.S., Elizabeth Thom, Ph.D., Donald McNellis, M.D., Rachel L. Copper, M.S.N., C.R.N.P., Francee Johnson, R.N., B.S.N.,
James M. Roberts, M.D., and the National Institute of Child Health Human Development Maternal Fetal Medicine Unit
Network

N Engl J Med 1996; 334:567-573February 29, 1996DOI: 10.1056/NEJM199602293340904

The length of the cervix may be useful in predicting the risk of premature delivery, with a shorter cervix
predicting a higher risk. Traditional methods to evaluate the cervix in pregnancy are limited and unsatisfactory.
Digital examination, the standard method, suffers from large variation among examiners.1 In contrast,
transvaginal ultrasonography is a reproducible method of examination during pregnancy.2,3 In a multicenter,
population-based study, we used vaginal ultrasonography to measure the length of the cervix and examined

the relation of this measurement to the risk of prematurity.
METHODS

Study Design and Subjects

This investigation was part of a prospective study of screening tests to predict spontaneous premature delivery
conducted by the Maternal Fetal Medicine Network of the National Institute of Child Health and Human
Development between October 1992 and July 1994. The patient population at each center was characterized
demographically before the study began. The study population was selected to reflect the parity and race of
women receiving prenatal care at participating centers, without regard to medical or socioeconomic factors. No
center was allowed to recruit more than 20 percent of the study population. The primary outcome was
spontaneous preterm delivery, defined as delivery after premature labor or rupture of membranes less than 35
weeks from the last menstrual period (<34 6/7 weeks of gestation). This end point was chosen because
neonatal morbidity and mortality occur primarily in infants born before 35 weeks' gestation. Because specific
hypotheses were not proposed, sample-size calculations were based on the precision of the odds ratio. We
calculated the necessary sample size, assuming that the rate of premature delivery was 3.5 percent, that at
least 5 percent of the women would have positive results on any given screening test, and that the odds ratio
for premature delivery was 2.0 or more for women with positive results on that screening test as compared with
women with negative results. A sample of 3000 women was chosen to give a lower 95 percent confidence limit
greater than 1 for this odds ratio.

Women identified before 24 weeks of gestation were recruited and enrolled if they gave informed consent.
Subjects were required to have an ultrasound examination after 15 weeks, before enrollment. Gestational age

was based on the date of last menses if the age based on that date and that based on the earliest ultrasound

15


http://www.nejm.org/toc/nejm/334/9/
http://www.nejm.org/doi/full/10.1056/NEJM199602293340904#ref1
http://www.nejm.org/doi/full/10.1056/NEJM199602293340904#ref2

measurement of the biparietal diameter of the fetal head agreed within 10 days. If not, ultrasound dating was
used. Women whose pregnancies were complicated by multiple gestation, cerclage, placenta previa, or a major
fetal anomaly were ineligible. Once the women were enrolled, the only study results available to the women's
physicians for patient care concerned fetal death, prolapsed membranes, advanced cervical dilatation (>2 cm
in primigravidas and >3 cm in multigravidas), hydramnios, oligohydramnios, and painful regular contractions.
Collection of Data and Ultrasonography

Data collected included information about obstetrical history and sociodemographic variables, results of
psychological assessment, blood assays, culture of cervical or vaginal samples (or both), measurements of pH
and fetal fibronectin, and findings on digital and transvaginal ultrasonographic assessment of the cervix. The
first study visit was scheduled between 22 and 24 6/7 weeks of gestation (referred to here as the 24-week
visit), with subsequent visits 2, 4, and 6 weeks thereafter. Transvaginal ultrasonographic assessment of the
cervix was performed at the initial visit and at the visit 4 weeks later (referred to here as the 28-week visit).
The ultrasound images were analyzed to assess changes in the cervix that are associated with spontaneous
prematurity and to evaluate ultrasonography as an indicator of the risk of premature delivery. The length of the
cervix was measured with a transvaginal real-time ultrasound probe placed in the anterior fornix of the vagina
while the woman's bladder was empty; this method has an interobserver variation of 5 to 10

percent.2 Transabdominal images were not used because the size of the maternal bladder has an
unpredictable effect on the measurement of cervical length.3Digital cervical examination preceded each
ultrasound examination. The appropriate sagittal view was identified by the location of the triangular area of
echodensity at the external os, a V-shaped notch at the internal os, and a faint line of echodensity or
echolucency between the two. Undue pressure on the cervix that might artificially increase its apparent length
was avoided by first obtaining an apparently satisfactory image, then withdrawing the probe until the image
blurred, and finally reapplying only enough pressure to restore the image. The cervix was measured in this
fashion three times along the line made by the interface of the mucosal surfaces, with calipers placed at the

notches made by the internal os and external os (Figure 1)

FIGURE 1

Transvaginal Ultrasound Image of a Normal Cervix.
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The cervical length we recorded was the shortest measurement that clearly displayed the criteria described
above. This measurement was chosen because first measurements are often 3 to 5 mm longer than
subsequent measurements, apparently because of the pressure of the probe required to identify the cervix.
Each examination was performed during a minimum of three minutes to allow time for development of a
Afunnel , 0 defined as a protrusion of the amniotic

e lateral border of the funnel (Figure 2)

measured along th

FIGURE 2 Transvaginal Ultrasound Image of a Cervix Characterized
by both a Short Length and a Funnel of Amniotic Membrane Protruding into the Internal Os..

The presence or absence of a funnel and its length were recorded.

Cervical measurement was standardized by means of operator-training and quality-control programs. A
teaching videotape and guide were developed and distributed to each center. Each sonographer submitted for
review by an investigator a videotape of 10 cervical sonographic examinations performed in patients who were
not study subjects; study subjects were examined only after the sonographer was certified by this process.
Sonographers submitted a videotape of five consecutive examinations of study subjects at a time randomly
chosen by the data-coordinating center for purposes of quality control. All sonographic images for every study
subject were reviewed by a single investigator who was unaware of the outcome of pregnancy, to ensure that
measurements were made appropriately and consistently.

Statistical Analysis

Cervical length (a continuous variable) and the presence or absence of funneling (a dichotomous variable)
were the principal variables used to predict preterm delivery (defined as spontaneous premature delivery
before 35 weeks of gestation). Percentiles for cervical length and the presence or absence of funneling were

analyzed with the use of chi-square tests. We calculated relative risks and 95 percent confidence intervals by
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comparing subjects at or below each percentile for cervical length with those above the 75th percentile.
Cervical length was analyzed with the use of logistic regression, survival analysis, and receiver-operating-
characteristic curves. Correlation of cervical length and the Bishop score (a composite measure of cervical
length, dilatation, position, consistency, and degree of descent [station] of the presenting part) was tested by

the Jonckheerei Terpstra test.4
RESULTS

Study Population

A total of 3073 subjects were enrolled at 10 sites; 73 of this group consented to participate but were excluded
from the analysis because the length of gestation was greater than the specified limit for the first visit. Of the
3000 subjects examined at the 24-week visit, 71 were lost to follow-up and 14 did not undergo cervical
sonography. There remained 2915 subjects (72 actually seen at 22 weeks of gestation, 1523 at 23 weeks, and
1320 at 24 weeks) whose cervixes were measured ultrasonographically at the 24-week visit. Of these women,
384 were not examined again at 28 weeks: 35 of them gave birth before the 28-week visit, 168 withdrew from
the study, and 171 did not come to the clinic for the 28-week visit during the specified period (26 to 29 weeks).
Another 10 declined to undergo cervical sonography. There were therefore 2531 subjects examined at the 28-
week visit (52 actually seen at 26 weeks, 1058 at 27 weeks, 1193 at 28 weeks, and 228 at 29 weeks). Of the
2915 subjects examined at 24 weeks, 42 percent were nulliparous, 28 percent were married, 63 percent were
black, 72 percent had not completed high school, and 54 percent had an income below $800 per month.
Sixteen percent (n = 458) of the women had previously had one or more preterm deliveries (403 spontaneous
and 55 with medical intervention) before 37 weeks of gestation. The frequency of preterm delivery before 35
weeks was 4.3 percent (n = 126) among the 2915 subjects examined at 24 weeks. This figure includes the 3.3
percent (n = 83) of the 2531 subjects examined at 28 weeks who delivered spontaneously before 35 weeks.
The rate of spontaneous preterm delivery ranged from 1.5 percent to 5.1 percent among the centers. Ninety-
one subjects (3.1 percent) were treated with parenteral tocolysis, 65 of whom delivered after 35 weeks.
Length of the Cervix in Relation to Preterm Delivery

The mean (£SD) cervical length at 24 weeks was 34.0+7.8 mm for nulliparous women and 36.1+8.4 mm for
parous women; the comparable measurements at 28 weeks were 32.6£8.1 for nulliparous women and
34.5+8.7 for parous women. The differences between nulliparous and parous women, although statistically
significant, were clinically unimportant. Among parous women, the number of previous deliveries had no effect
on the length of the cervix. Data on cervical length in parous and nulliparous women were therefore combined
for analysis.

The cervical length was normally distributed at both examinations and decreased slightly from 24 to 28 weeks
(mean, 35.2+8.3 mm at 24 weeks and 33.7+8.5 mm at 28 weeks). The mean cervical length was similar among
the centers, except for one center that reported significantly longer measurements. Data analysis was
performed both with and without the inclusion of the women enrolled at this center, and also for this center
alone. Since the exclusion of the center did not change our results or conclusions and since the results were

the same for the data from this center alone, combined data are presented here.
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The estimated probability of preterm delivery from the logistic-regression analysis and the observed frequency

of preterm delivery according to cervical length at 24 weeks are shown in Figure 3
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FIGURE 3 Cervical Length {mm)

Estimated Probability of Spontaneous
Preterm Delivery before 35 Weeks of Gestation from the Logistic-Regression Analysis (Dashed Line) and Observed
Frequency of Spontaneous Preterm Delivery (Solid Line) According to Cervical Length Measured by Transvaginal
Ultrasonography at 24 Weeks.

Logistic-regression analysis of data collected at the 28-week visit produced similar results (data not shown).
When women with values at or below a particular percentile for cervical length at 24 weeks were compared
with those who had cervical-length values above the 75th percentile, the relative risk of preterm delivery was
1.98 (95 percent confidence interval, 1.20 to 3.27) for women at or below the 75th percentile (cervical length,
40 mm), 2.35 (95 percent confidence interval, 1.42 to 3.89) at or below the 50th percentile (35 mm), 3.79 (95
percent confidence interval, 2.32 to 6.19) at or below the 25th percentile (30 mm), 6.19 (95 percent confidence
interval, 3.84 to 9.97) at or below the 10th percentile (26 mm), 9.49 (95 percent confidence interval, 5.95 to
15.15) at or below the 5th percentile (22 mm), and 13.99 (95 percent confidence interval, 7.89 to 24.78) at or
below the 1st percentile (13 mm) (P<0.001 for the comparisons involving values at or below the 50th percentile,
and P = 0.008 for values at or below the 75th percentile).

At 28 weeks, the corresponding relative risks for preterm delivery were 2.80 (95 percent confidence interval,
1.41 to 5.56), 3.52 (95 percent confidence interval, 1.79 to 6.92), 5.39 (95 percent confidence interval, 2.82 to
10.28), 9.57 (95 percent confidence interval, 5.24 to 17.48), 13.88 (95 percent confidence interval, 7.68 to
25.10), and 24.94 (95 percent confidence interval, 13.81 to 45.04) (P<0.001 for values at or below the 50th

percentile, and P = 0.003 for values at or below the 75th percentile).
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Cervical Length (Bars).

Figure 4 shows the relative risks according to the distribution of cervical-length values at 24 weeks. The
association between cervical length and the risk of preterm delivery was evident across the entire range of
cervical lengths. Even among women whose cervical length was above the 10th percentile, the risk of preterm
delivery increased as cervical length decreased. The logistic-regression analysis indicated that for each
increase of 1 mm in cervical length, the odds ratio for preterm delivery was 0.91 (95 percent confidence
interval, 0.89 to 0.93).

A change in cervical length between the 24-week and 28-week visits had a small but significant association
with the risk of preterm delivery that was independent of the initial cervical length. Among the 56.3 percent of
subjects whose cervixes decreased in length between 24 and 28 weeks, the rate of preterm delivery was 4.2
percent, as compared with 2.1 percent among those whose cervixes did not decrease (relative risk, 2.03; 95
percent confidence interval, 1.28 to 3.22). The magnitude of the decrease also had an effect on risk of preterm
delivery; the relative risk was 2.80 (95 percent confidence interval, 1.87 to 4.20) for women whose cervixes
shortened by 6 mm or more as compared with those whose cervixes changed by less than 6 mm.

The duration of pregnancy according to whether the cervical length was <25 mm or >25 mm at the 24-week

visit is shown in terms of survival curves in Figure 5
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Pregnancy among Women Examined at 24 Weeks of Gestation, According to Cervical Length ( O 2nn or >25 mm)..

The difference in the duration of pregnancy between women whose cervixes measured 25 mm or less and
those whose cervical length was more than 25 mm was significant and continued to widen as gestation
progressed. The survival curves for data collected at 28 weeks are similar.

Cervical Ultrasonography to Predict Preterm Delivery

Receiver-operating-characteristic curves suggested 30 mm, 25 mm, and 20 mm as potential threshold values
for clinical use, corresponding approximately to the 25th, 10th, and 5th percentiles for cervical length in this
study. The sensitivity, specificity, and predictive values of these percentiles are shown in Table 1

TABLE 1

Table 1. Sensitivity, Specificity, and Predictive Value of Cervical Length, Funneling, and Bishop Score for Preterm Delivery before 35
Weeks of Gestation.*

VArrre CERVIX AT 24 Wi Cervoe AT 28 Wi

PRESEMCECY  Bramor Bismop PRESENCE OF  Bimmop | Bramop

=20mm =25 mm =30Tm FUONREL ICORE =6 SIORE =4 =20mm =25 mm =30TMm FUNNEL  SCORE =6 SCORE =4
percant

Sensitivity 23.0 37.3 54.0 254 79 27.6 313 454 65,6 32.5 158 42.5
Spacificity 97.0 92.2 76.3 24.5 994 20,9 X7 86.8 68.5 91.6 97.9 8235
Peositive pradictive valus 257 17.8 9.3 17.3 385 12.1 167 11.3 7.0 116 256 9.9
Negative pradictiva valus 96,5 7.0 974 96,6 96,0 96.5 976 28.0 o8.5 97.6 963 96,9

*The matw of spontanscus d@elivery befors 35 weeks was 43 percent among the worasn sxamined at 24 weeks angd 3.3 percent among those examined at 28 weeks.

Sensitivity, Specificity, and Predictive Value of Cervical Length, Funneling, and Bishop Score for Preterm Delivery

before 35 Weeks of Gestation.*

There were 185 subjects at 24 weeks (6.3 percent) and 232 subjects at 28 weeks (9.2 percent) whose cervixes
had a funnel at the internal cervical os on ultrasound examination, a finding reported to indicate an increased
risk of premature delivery.5 Among these women, the mean length of the funnel was 16.0£9.1 mm at 24 weeks
and 14.3+8.0 mm at 28 weeks. Parity had no effect on the frequency of funneling. Funneling correlated with an
increased risk of preterm delivery both at 24 weeks (relative risk, 5.02; 95 percent confidence interval, 3.53 to

7.15) and at 28 weeks (relative risk, 4.78; 95 percent confidence interval, 3.18 to 7.19).
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The clinical value of funneling as a predictor of preterm delivery was similar to that of the cervical length (Table
1), but the data on funneling are confounded by substantial variation among centers. Funneling was observed
at 24 weeks in no women at one center and in 12.7 percent at another; at these same two centers the values at
28 weeks were 1.3 percent and 21.4 percent. Most centers reported funneling in 3 to 7 percent of subjects at
both visits. Variation in the frequency of funneling among centers persisted throughout the study, despite the
quality-control measures described earlier. Ultrasound images from centers with the highest and lowest rates of
funneling differed in two ways: sonographers at the center with the highest rate appeared to apply less
pressure and used a 7-MHz transducer; sonographers at the center with the lowest rate appeared to apply
greater pressure and used a 5-MHz transducer. Nevertheless, funneling remained a significant predictor of
premature delivery after we controlled for study center and cervical length.

Relation of Cervical Ultrasonography to Digital Examination

Cervical length at both visits correlated significantly (P<0.001 by the Jonckheerei Terpstra test4) with the
Bishop score, a composite measure that assigns a score of 0 to 3 points to each of five features of the cervix:
length, dilatation, position, consistency, and station of the presenting part.6Subjects with Bishop scores of 6 or
more at 24 weeks (n = 26) and 28 weeks (n = 78) had mean cervical lengths of 23.1+13.3 mm and 25.4+11.2
mm, respectively. The clinical value of the Bishop score is indicated in Table 1.

DISCUSSION

Our findings confirm those of previous studies that have found an inverse relation between the length of the
cervix, as measured by ultrasonography during pregnancy, and the frequency of preterm delivery.3,5,.7 The
most intriguing finding of our study is that this relation persisted for cervical lengths above the 10th percentile.
Women with cervical lengths at or below the 25th, 50th, and 75th percentiles had a significantly greater risk of
preterm delivery than those whose cervical lengths were above the 75th percentile. This observation
challenges the traditionalunde r st andi ng of the cervix as being either #fAco
reconsideration of the role of the cervix in the pathogenesis of spontaneous premature delivery. In 1961, Parikh
and Mehta used digital examination of the cervix to investigate the hypothesis that cervical competence is a
continuum; they concluded that degrees of competence did not exist.8 Our data suggest that these authors
were correct in their hypothesis that there was a continuum of cervical competence but that their method of
cervical examination led them to the erroneous conclusion, now firmly stated in obstetrical textbooks,9 that the
cervix is either fully functional or nonfunctional (i.e., incompetent).

Our data suggest that the length of the cervix is an indirect indicator of its competence and should be seen as a
continuous rather than a dichotomous variable. The length of the cervix is directly correlated with the duration
of pregnancy: the shorter the cervix, the greater the likelihood of preterm delivery. Some might argue that this
association is tautological 8 that is, that uterine contractions, whether perceived by the woman or not, shorten
the cervix. We offer four observations in response to this proposition. First, the women in this study were
outpatients without symptoms of preterm labor at the time of examination. Second, the relation between the
length of the cervix and risk of prematurity extended to values well above the 25th percentile for cervical length.
Third, survival-curve analysis (Figure 5) shows increasing divergence of the two curves, rather than a

difference established in the days immediately after examination, as might be expected if women with shorter
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cervixes had occult early labor. Finally, the relation between the length of the cervix and the duration of
pregnancy has been observed in successive pregnancies. In a study of 323 women who had previously had a
premature delivery,10 the length of gestation at the time of the earlier preterm delivery was correlated with
cervical length in a subsequent pregnancy, suggesting that cervical length operates as a continuous variable in
serial gestations. We interpret these observations to mean that there is a continuum of cervical performance
that is reflected functionally by the gestational age of the infant delivered prematurely and anatomically by the
length of the cervix.

Theories of premature labor based on an understanding of the cervix as uniformly competent may
underestimate the importance of the cervix, and overestimate the role of uterine activity, in the pathogenesis of
prematurity. Reassessment of the cervix as a structure with variable performance along a continuum supports
a theory of spontaneous prematurity as a multifactorial phenomenon in which the causal importance of
decreased cervical resistance increases as the length of gestation at the time of the preterm delivery
decreases. Uterine activity is known to vary widely among normal pregnancies1l and could also affect the risk
of prematurity in a continuous manner. Just as contraction-based theories of premature labor have led to trials
of prophylactic tocolytic agents, our findings raise but do not resolve the question of the appropriate role of
cervical cerclage in women with a history of early preterm delivery.12-14 Perhaps cervical ultrasonography will
prove useful in selecting candidates for cerclage.

Obstetricians should be comfortable using the percentile of cervical length as an estimate of the risk of
prematurity, since many obstetrical tests are based on percentiles. Although funneling was predictive of
prematurity, the ability to identify this phenomenon was not consistent among our 10 study centers. Cervical
length was more consistently measured than funneling and performed as well as or better than funneling in
terms of sensitivity and predictive value. Transabdominal ultrasonography is unsatisfactory for measurement of
the cervix because of technical drawbacks that produce inaccurate or poor-quality images.5,7 Vaginal
ultrasonography produced good images in our study and was well accepted by patients. There were no
apparent risks associated with the examination. Although the predictive value of ultrasonography was low in
this low-risk population, it will rise with the risk of prematurity in the population studied. Ultimately, we expect
that cervical ultrasonography will be used to evaluate women with a historical or current risk factor, such as a
previous preterm delivery or a Bishop score of 6 or above, and to select candidates for clinical trials to evaluate

cerclage.
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503: Implementation of a universal cervical length
surveillance program for prediction of preterm birth
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M. Results
V. Conclusion

Objective

To evaluate factors associated with successful implementation of a universal cervical length (CL) screening program

for prediction of preterm birth.

Study Design

We performed a retrospective cohort study to evaluate the acceptability of universal CL screening program for the

prediction of preterm birth (PTB) between January 1, 2012 and June 30, 2012. Women with singleton gestations

undergoing obstetric ultrasounds between 18 0/7-23 6/7 weeks were eligible for CL screening. Patients with prior

spontaneous PTB were excluded. CL measurements were always performed in a uniform fashion with transvaginal

ultrasound and the results were interpreted according to a standard protocol (Figure). Sonographers and medical

staff received education prior to implementation and appointment times were extended by 10 minutes. Patients

received educational handouts at check-i n. On June 1, 2012, our prnoog rtaomtidapstn mod i f |
attempt to improve patient acceptance rates. Independent samples Mann-Whitney U, Chi-square, and independent

samples t-tests were performed using SPSS 20.0.
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Universal CL screening algorithm

Results

During the study period, 733 (82%) of 898 eligible patients were offered CL screening. Women were more likely to

accept CL screening if they were nulliparous and if the sonographerwasf e mal e. | mpl emewtudatdi € of an
screening program significantly increased the percentage of women screened (Table). Among 561 women who

accepted CL screening, 9 (1.6%) had a CL @5mm and 6 (1%) had a CLZ0mm and were offered vaginal

progesterone.
Conclusion

Universal CL screening is acceptable to most women and is feasible to implement on a large scale. Patient education

is necessary to achieve optimal ratesofacc e pt ance o uUAno Mm@pteeni ng approach increases
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Debating cervical length measurement

to predict and prevent preterm birth
Should cervical length risk assessment be
universal?

PRO: Patients deserve information about cervical
length

By Sonia S. Hassan, MD

Dr. Hassaris AssociateDeanfor Maternal,PerinatalandChild HealthandProfessorDivision of MaternatFetalMedicine,
Departmenbf ObstetricsandGynecologyat WayneStateUniversity Schoolof Medicine, Detroit, Michigan

In 1960, the United States ranked twelfth in the world in infant mortality; this ranking has
fallen steadily to forty-third.: Preterm birth (PTB)-related deaths are one of the leading
causes of this infant mortality rate.z:In 2005, 12.9 million births worldwide were
preterm.<n 2011, the rate of PTB in the United States was 11.7% (463,361 babies per
year).se

The challenge for providers and researchers has been, first, to predict who will deliver
prematurely, and second, to implement an intervention that will prevent PTB. A
sonographicshortcervixdiagnosedy transvaginalultrasound(TVUS)is the mostpowerful

predictorof PTB.Fifty percent of women with a cervical length <15 mm will deliver <32
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weeks.s” TVUS provides the most accurate and reproducible cervical length
measurement with no associated risks; it is widely accepted by patients. Yet
implementation of a program in which all pregnant women undergo cervical length
measurement requires the availability of an intervention that can prevent PTB.
Vaginal progesterondor preventionof PTB and neonatalcomplications
Tworandomizectlinical trials havedemonstratedhat vaginal progesteroneeducegherate of
PTBin womernwith a sonographicshortcervixssA randomized clinical trial investigating the
use of vaginal progesterone to prevent PTD (<34 weeks) in women with a short cervix
(<15 mm) reported a 44% reduction in risk of PTB (19.2% vs 34.4%; relative risk [RR],
0.56; 95% confidence interval [CI], 0.36-0.86).s In 2011, a randomized clinical
triale demonstrated that administration of vaginal progesterone to women with a short
cervix (10 mm-20 mm) was associated with:
--a 45% decrease in the rate of PTB at <33 weeks (primary endpoint), a 38%
decrease in the rate of PTB at < 35 weeks, and a 50% decrease in the rate of

PTB at <28 weeksO gestation;
--a 61% decrease in the rate of respiratory distress syndrome (RDS); and
--a decrease in the rate of composite neonatal morbidity.

A meta-analysis of individual patient data from 5 randomized clinical trials revealed that
in addition to reducing the rate of PTB and respiratory distress syndrome, administration
of vaginal progesterone to women with a short cervix was associated with a reduction in
the rate of mechanical ventilation, admission to neonatal intensive care units (NICUs),

and composite neonatal morbidity/mortality.zo

Impactandimplicationsfor the healthcaresystem
The potential impact of the use of vaginal progesterone in women with a short cervix
can be surmised from the estimate that 11 patients need to be treated to prevent 1 PTB

<35 weeks, and that 9 patients need to
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gestation. Furthermore, 15 patients need to be treated to prevent 1 episode of
respiratory distress syndrome.z

Estimates indicate that 141 pregnant women from the general population need to be
screened with TVUS (treating those with a cervical length @5 mm with vaginal
progesterone) to prevent 1 case of PTB <33 weeks.sw
Costeffectivenesanalysisstudieshavedemonstratedhat the pretermpreventionstrategyof
implementinguniversalcervicallengthrisk assessmentith TVUSandusingvaginal
progesteoneis costeffectiverx:s Werner and colleagues have estimated that for every
100,000 women screened, there is a cost savings of more than $19 million annually. In
the United States, the total annual cost savings is estimated to be $500 million, based
on the 2011 population.

Numerous institutions now employ universal TVUS cervical length risk assessment.
Delaying implementation at other centers will result in patients missing the opportunity
for treatment. This is similar to what happened with antenatal steroids, for which efficacy
was demonstrated in 1972.» Not until 1994, however, were they widely adopted for use
in women at risk of PTB.x

Delaying universal sonographic cervical length risk assessment would result in the
ethical problem of having an intervention for a diagnosis that we are not seeking in all
patients. Vaginal progesteroneds efficacy has
without a prior PTB; hence, all patients need to be assessed for cervical length. As
obstetricians, we are becoming obligated to provide pregnant women with the
knowledge about the length of their cervices. Therefore, this critical question must be
considered: When there is a treatment available to prevent PTB for those with a
sonographic short cmanhavarightitolemevhércervieat er y wo

length? The answer is yes.
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Abstract
Objective

To determine whether routine measurement of setimester transvaginal cervical length by ultrasound
in low-risk singleton pregnancies is a ceffiective strategy.

Methods

We developed a decision analysis model to compareadteffectiveness of two strategies for

identifying pregnancies at risk for preterm birth: (1) no routine cervical length screening and (2) a single
routine transvaginal cervical length measurement @24.8veeks' gestation. In our model, women

identifiedas being at increased risk (cervical length < 1.5 cm) for preterm birth would be offered daily
vaginal progesterone supplementation. We assumed that vaginal progesterone reduces preterm birth at <
34 weeks' gestation by 45%. We also assumed that a dettiesasical length could result in additional

costs (ultrasound scans, inpatient admission) without significantly improved neonatal outcomes. The main
outcome measure was incremental @gtctiveness ratio.

Results

Our model predicts that routine ceraidength screening is a dominant strategy when compared to
routine care. For every 100 000 women screened, $ 12 119 947 can be potentially saved (in 2010 US
dollars) and 423.9 qualitgdjusted lifeyears could be gained. Additionally, we estimate thata&®s of
neonatal death or loAgrm neurologic deficits could be prevented per 100 000 women screened.
Screening remained cestfective but was no longer the dominant strategy when cetieicgth

ultrasound measurement costs exceeded $ 187 or whemMagigesterone reduced delivery risk at < 34
weeks by less than 20%.
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Conclusion

In low-risk pregnancies, universal transvaginal cervical length ultrasound screening appears to-be a cost
effective strategy under a wide range of clinical circumstanceie@vareterm birth rates, predictive

values of a shortened cervix and costs).
Copyright © 2011 ISUOG. Published by John Wiley & Sons, Ltd.

Introduction

Preterm birth is a major cause of neonatal morbidity and mortality in the USA. According to the
National Vital Statistics Reports, 112% of the 4 million neonates born each year are delivered before
37 weeks' gestation and 3.6% are delivered before 3dswEarly pterm birth (before 34 weeks) is
particularly associated with high rates of mortadityd morbidity, including intraventricular hemorrhage,
necrotizing enterocolitis, respiratory distress syndrome and neurological defitiesrelevance of
preterm birth as a major public health problem is emphasized by the more than $ 26 billion spent annually
in the USA to treat these preterm infahtddditionally, over 50% of neonates born before 28 weeks are
rehospitalized within 24 months of birth and almost one third are diagnosed with asthma or reactive
airway disease by their fifth birthday9.1% of surviving infants born between 23 and 28 weeks'
gestation are diagnosed with cerebral palsy, 4.4% with mental retardation and 2.5% athrakbr
emotional disorders

Traditionally, physicians assessed a woman's risk for preterm birth using clinical factors
including multiple gestations, history of preterm birth or prior cervical surgery. Yet, more than half of all
preterm births occur to women without historical risk faciors Compelling data suggest that the length
of the cervix as assessed by transvaginal ultrasonography is inversely related to the risk of preterm birth,
and may be a stronger predictor than the previously usedatliigk factor§i 10. For example,
Goldenbergta.6 demonstrated that a cervical length of < 2.5 cm had a relative risk of 3.5 (95%
confidence interval (Cl), 2i4.6) for preterm birthwhile previous preterm birth had a relative risk of 2.7
(95% ClI, 2.13.4).

Although valuable, this information had limited clinical utility until more recent studies
demonstrated interventions that could potentially reduce the frequency of pretef, hifthn a
randomized trial, Fonseeal.11 demonstrated that daily vaginal progesterone reduced the risk of preterm
birth by 45% inlowr i sk women identified with a cervical |l en
sought to investigate the cesffectiveness of routine cervielngth screening in the levisk population.
To this end, we constructed a decisamalysis model, which praed evidence that universal cervical
length screening would be cesffective.

Methods

We used a decisieinee model to compare two clinical strategic approaches to preterm birth
prevention in lowrisk pregnancies. The population targeted included smgleregnancies in women
without a history of prior preterm birth. The first strategy was consistent with the current clinical
recommendations advocated by the American College of Obstetricians and Gynecologists: no screening
for preterm birth in asymptortia low-risk pregnant women with a singleton gestati®he second
strategy included performance of a single routine transvagiimasound cervicdlength measurement on
all asymptomatic, lowisk singleton pregnant individuals at between 18 and 24 weeks' gestation. In the
second strategy the cervical length was considered short (< 1.5 cm), mid leniggtd@.dm), or normal
lengh (O 2.5 c¢cm).
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wa s

Our model proposed that women with a cervical length of < 1.5 cm be offered vaginal
progesterongl, 14. This strategy was based on the data presented by Fenrsetahis trial enrolled 24
620 asymptomatic women, including 24 189 singletons, for cefdngth measurement. Cervical length
250 a progesteroma ornplacebs.
The primary outcome was delivery before 34 weeks' gestation. Bisrgf 112 women (32.1%) with

O 1.5

cm in 413 women

rando

singletons in the placebo group went on to deliver prior to 34 weeks compared to 20 of 114 (17.5%) in the
progesterone group. Thuse assumed that there would be a 45% reduction in deliveries before 34 weeks
with progesterone administration. An adherence rate of 92% was also assumed based on the data of
Fonsecata.11.

bibliographic survey of the English literature in PubMed, using the following search termsivagina

The baseline probability and outcomes for each strategy were obtained based on a comprehensive

progesterone, Prometrium, preterm birth, preterm delivery, preterm prevention and cervical length, as

well as combinations of these terms. Point estimates were determined from published randomized

controlled trials and prospective cohorts when posdte¢rospective cohorts or review studies were used
when no other sources of information were available. The decision tree was developed and the analysis

performed with TreeAge Pro 2007 (TreeAge Software, Williamstown, MA, USA). The probability
estimates anthe references used in support of our model are reported in Table

Table 1 Probability and unlity estimates in support of the model

Base case
Variable (range) (%)*
Preterm birth (< 34 weeks) 1415 2.1(2.0-3.6)
If birth ar < 34 wecks, probability of birth 20.6
at < 28 wecks!!
If birth at > 34 weeks, probability of birth 84

at < 37 weeks!!
Prevalence of cervical length
< 1.5 cm®1117
1.5-2.49 cm'!
=25 cm"!
Prevalence of inpatient admission if cervical
length < 1.5 cm
Delivery at < 34 weeks if cervical length
< 1.5 cm®!
Delivery at < 34 weeks if cervical length
Delivery at < 34 weeks if cervical length
2.5 cmiont
Adherence to progesterone therapy!!
Reduction in deliveries prior to 34 weeks
with progesterone!!
Probahility of severe disability if delivery
att:
< 28 weeks
> 28 weeks, < 34 weeks
> 34 weeks, < 37 weeks
=37 weeks
Probability of death if delivery at'®:
< 28 weeks
> 28 weeks, < 34 weeks
>34 weeks, < 37 weeks
> 37 weeks
Utility of neconatal outcome
Death
Severe neurologic disability
Health

18

1.7 (0.9-1.88)

8.3(7.9-8.7)
90 (89.5-91.8)

0.0 (0.0-100.0)

34.1 (9.7-58.7)
5.1 {4.2-14.0)
1.2 (1.1-3.0)

92.8 (86.0-97.0)
45 (12.0-66.0)

10.6 (9.1-17.1)
5(3.3-9.7)
24(2.1-2.6)
1.7 (1.5-1.8)

17.9 (8.0-49.3)
0.9 (0.2-8.6)
0.2 (0.1-0.4)
0.07 {0.05-0.09)

0
0.61 (0.5-0.8)
1.0

*All data except utility of neonatal outcome given as %.
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The overall incidence of preterm birth at < 34 weeks' gestation was estiatéd % based upon
data provided by Fonseea.11. A preterm birth rate as high as 3.6% for birth at < 34 weeks' gestation
wasbased upon data from the 2006 United States National Vital Statistiésadatas low as 2% from
UK datdl5. Given the differences in neonatal morbidity and mortality between early preterm birth at < 28
weeks' gestation compar ed weiutllized data foos &nitedeStatesy er i n g
National Vital Statistics summaries to estimate the proportion of deliveries at < 28 wadie ks,
34i37 weeks and6 @f thd delivaviesahiatoccurred at < 34 weeks, we assumed that 20%
would occur prior to 28veeks while the remaining 80% would deliver at 28weeks. Of the deliveries
that occurred after 34 weeks' gestation, 8% weraevasdto occur at between 34 and 37 weeks while the
remaining 92% were fullerm birthg..

The prevalence of cervical length of < 1rB and of 1.52.49 cm is fairly consistent in the
literature (0.91.88% and 7.98.7%, respectively), 11, 17; we used these ranges in our $irity/
analysis. However, we also explored implausible prevalences to establish the threshold at which cervical
length ultrasound measurement was no longereftsttive. The preterm birth rates used in the model
were inversely related to cervical lengtased on previously published dzatal.

Only the study of Fonseeau.11 examined the effect of vaginal progesterone therapy on neonatal
morbidity. It showed a reduction in morbidity but the results were not statistically significant, as the study
was not speféically powered for this purpose. Thus we used large pediatric cohort studies to estimate the
mortality and shortand longterm morbidities based on gestational age at4idth

Based upon the literature, utilities were given to the offspring studied in thislT8oUtilities
are a means of evaluating the relative quality of life as compared to health. We determined three health
stateghat would be relevant for our analysis: normal health (utility = 1), severe disability (utility = 0.61)
and death (utility = 0). Severe disability was defined as serious medical conditions that significantly limit
working capacity and included cerebralgya mental retardation, blindness, deafness and epilepsy
Severe disability was assigned a value of 0.61 based on the decisimisapiaDdibceta. 19 for the use
of 17-alphahydroxyprogesterone caproate for the prevention of preterm birth. A rangé 0f80&s
used in our sensitivity analysis based on Tengs and Wallace's quality of lif€. ddies range
encompasses several severeligges and all moderate disabilities. We ran our model using many
different life expectancies for the premature infants. In the final analysis, we assigned an average life
expectancy of 76 years for the purpose of calculating the quaaljtisted lifeyears (QALYS) for all
surviving offsprind.7. We chose to assume that the life span of premature infants who survive the
neonatal perid is not significantly shortened in an effort to bias our model against screening, thus further
validating the efficiency of screening if the model was-edf&ctive, even assuming this best case
scenario.

Cost data were derived from the publistieztature (Table?). Screening consisted of
transvaginal ultrasongraphic measurement of cervical length at between 18 and 24 weeks' gestation.
Thecosts associated with this ultrasound scan were determineadteradata using the current
procedural terminology (CPT) code 76817In the basease analysis, only practice expenses were
included (1.95 relative value units (RVUS), using an average RVU cost of $ 36.07). In the sensitivity
analysis, the total cost of a transvaginal ultrasound scan was adjusted to as low an&B@&sc
geographic discounting and as high as $ 300/scan to include physician fees, malpractice fees, geographic
increases and charges associated with repeating fetal growth assessment (CPT code 76816).
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Table 2 Cost estimates of the model

Variable

Base case
(range®) in 2010 (§)

Cervical-length ultrasound scan (cost
per scan)??

Vaginal progesterone
supplementation (total cost for
gestation)?!

Admission cost for short cervix,
including corticosteroids™

Cost of maternal care if delivery ar®:
< 28 weeks
> 28 weeks, < 34 weeks
> 34 weeks, < 37 weeks
> 37 weeks

Cost of neonatal care if delivery
alh,
< 28 weeks

*

> 28 weeks, < 34 weeks
7

weeks

»

>34 weeks, <3
> 37 weeks
Cost of early intervention (0-3
years) if delivery atlé:
< 28 weeks
> 28 weeks, < 34 weeks
> 34 weeks, < 37 weeks
> 37 weeks
Cost of severe disability!
Income and domestic productivity
losses due to bed rest®

70 (50-300)

206 (100-400)

0 (0-10000)

10953 (5477-21907)
8153 (4077-16 307)
4627 (2314-9254)
3577 (1789-7155)

207927 (85251-415922)
37159 (15235-74329)
5460 (2239-10922)

1806 (741-3613)

8847 (4427-17 699)
4201 (2102-8406)
1632 (816-3264)
862 (431-1725)
262 667 (131 333-525 335)
0 (0-11310)

*Range of values used in sensitivity analysis and Monte Carlo

Simulation.

If the cervix was short (< 1.5 cm), maternal sastluded nightly progesterone administration
until delivery or 36 weeks' gestatidh These women also received two folloy cervicatiength
ultrasound scans. In the sensitivity analysis we varied the number of-igli@wans from none to four.
In the basecase analysis, we did not account for any hospital admissions purely for a short cervix.
However, in the sensitivity analgswve varied admission rates from 0 to 100% for a cervical length of <
1.5 cm and 0 to 50% for a cervical length ofi 289 cm. As we adjusted the admission rates we also
varied admission costs from 0 to $ 10 000, with a median cost of $ 3000. This mediselected as it is
consistent with a 48 stay to facilitate steroid administratitih We included a maximum of $ 10 000 to
include up to 1 week of inpatient care. Within the sensitivity analysis, we performed a similar evaluation
of potential hospital admissions and treatment without clinical benefits in women with mid cervical

length (1.52.49 cm).

Delivery costs were based upthe gestational age at delivery, as the length of stay and the
percentage of Cesarean deliveries are known to be inversely related to the timing ofZtl@#spring
costs were broken down into: neonatal care costs, costs of care in the first 3 years,-terchlaogts
associated with severe neurologic disabiliti, 23i 25. The cost of care in the first 3 years was included
in an attempt to account for the early intervention and special education that many of these children
receive. Longerm care costs includecly direct medical costs, thus productivity losses, both to the
affected individual and their family members, are not included. We basetelonglisability costs on
cerebral palsy data as that was the most prevalent disability noted in this pogulation
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All costs are presented in 2010 US dollars and were adjusted based on the use of the medical care
component of the Consumer Priceléxx. Costs and utilities were discounted at a baseline rate of 3%
based on average inflation, although the range was varied g% ih the sensitivity analysis. All
analyses were from a societal perspective.

For a cohort of 100 000 women, we calculatezidost of care for each strategy. The primary
outcome of the study was ceffectiveness, measured as the incrementalefésttiveness ratio (ICER).
Costeffectiveness was defined as an ICER of $ 100 000. We performed univariate sensitivity analyses by
varying the values of the variables in the model to their plausible extremes. Other parameters we
estimated included: total cost of each strategy, total QALYs per strategy, incidence of preterm birth and
incidence of adverse neonatal outcomes such dglésth or disability.

Results

The results for the basmse model are presented in Tabl©ur model predicts that the current
standard of careosts $ 1 314 520 247 per 100 0004ask women, while the care model involving
routine screening would cost $ 1 302 400 300 per 100 00@issvwomen. We estimate that screening
would prevent 248 births before 34 weeks' gestation and 22 neonatalataathsates with lortgerm
neurologic deficits per 100 000 deliveries. Thus, screening is the dominant strategy, saving cost with
improved outcomes.

Table 3 Summary of results {per 100000 women) for the base-case

model

Standard With
Variable procedure screening
Neonatal death (n) 170 159
Severe neurologic deficits (n) 1827 1816
Neurologic deficit/death averted (n) — 22
Births < 34 weceks' gestation (n) 2106 1858
Births < 34 wecks' gestation — 248

averted (n)

Total QALY 2954795 2955218
Marginal QALY gamned — 423.9
Tortal cost ($) 1314520247 1302400300
Marginal cost savings ($) — 12119947
Marginal cost ($)QALY gained — 28592

QALY, quality-adjusted life-years. $, 2010 US dollars.

We performed a univariate sensitivity analysis to evaluate the impact of changing the probability
andcost variables on the ICER of screening with transvaginal ceiteicgth ultrasonography (Tab#.
In this study, a negative value (denoted by piueses) equates to a cost saving. The model was robust
for all parameters at the ranges that we examined. As expected, the model was sensitive to changes in the
cost of cervicalength ultrasound scans, the effectiveness of progesterone in preventing pielteery,
the predictive value of a shortened cervix and the prevalence of a shortened cervix.
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Table 4 Sensinvity analysis evaluatung impacr of changing
probability and cost variables: incremental cost-effectiveness ratio

(ICER)*
ICER at:
Varable Varnable
Variable munimam - maximum

Preterm birth (at < 34 weeks' gestanon) (26 814) (38 175)

Prevalence of cervical length < 1.5 cm (14 100) {29667)
Prevalence of inpatient admussion if {28 652) (584)
delivery at > 34 weeks
Delivery at < 34 weeks if cervical length 33275 (38237)
<1l5cm
Adherence to progesterone therapy {(26327) {28 9635)
Reduction in deliveries prior to 34 35264 (34801)
weeks with progesterone
Probability of severe disability (28 058) (29004)
Probability of death (35 404) {23133)
Utility of disability (26 069) (32175)
Cost of cervical-length ultrasound scan (33519) 27461
Cost of progesterone {28 951) {27 794)
Cost of maternal care (26 578) (30919)
Cost of admission for short cervix (28 652) (10632)
Cost of neonatal care (4307) (68236)
Cost of early intervention {26 919) (30 258)
Cost of severe disability {25 080) (33933)

*Neganve ICER is denoted by parentheses and indicates screening
1s the dominant strategy in all cases.

While the variables listed above cause screening to shift from-aadag to a costffective
strategy, there was no plausible situation inclwlthe nescreening strategy was dominant. For example,
when the cost of a single transvaginal ultrasound scan passes $ 187,-temgttascreening is no longer
cost saving, but it remains cesffective. Even at an extreme cost of $ 300 per transabgian,
screening costs $ 27 461 per QALY gained. When administration of vaginal progesterone reduces
preterm birth by less than 20% instead of the previously predicted 45%, screening ceases te be a cost
saving strategy but remains cedtective. Likewi, if the probability of delivery before 34 weeks with a
shortened cervix is only 9.7%, not the estimated 34%, screening costs $ 33 276 per QALY gained.

We varied the prevalence of cervical length < 1.5 cm from 0.9 to 1.88% based upon values found
in the Iterature®, 11, 17. In this range, cervicdéngth screening is cost saving. In order to identify
transition values, we also ran the mod#h a prevalence as low as zero. When the prevalence of a
cervical length < 1.5 cm falls below 0.8%, screening is no longer cost saving, but it remains cost
effective. Below the implausible prevalence of 0.35%, theareening strategy becomes dominant.
Monte Carlo Simulation (a computational algorithm that relies on repeated random sampling) was also
used to simultaneously vary all variables across the extreme ranges listed inl Bafal&86. With 100
000 simulations, the screening strategy was-effsttive 99.4% of the time. In most of these instances
(68%) screening was also cost saving.
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Discussion

Although only approximately one sixth of preterm births occur beforee®ks' gestation, these
neonates account for the majority of morbidity, mortality andi¢cdstL6, 23, 27. Assessment of maternal
history alonemisses significantly more than half of women at risk for pretermi@ervicatlength
measurement by transvaginal ultrasound mhesia necessary screening tool to better predict which
women are at risk for preterm birtt®. Moreover, a combination of cervid@ngth measurement and
vaginal progesterone supplementation has been shown to reduce the risk of preterm birtkriska low
populatioril. Given this information, one could argue that expanding cerdogth screening to include
the lowrisk population would be reasonable. However, before any major screening initiatives are
adopted, an understanding of the costs (intended and uredjesbociated with screening is needed. We
undertook this decision analysis to estimate the implications to the health of the offspring as well as the
additional costs to the healthcare system associated with a comprehensive program using transvaginal
ultrasound screening and progesterone intervention. Our analysis demonstrates that a screening program
with appropriate interventions to reduce preterm birth would besdfesitive and in many cases cost
saving.

Our findings are consistent with the owlgher study to examine cervidaingth screening in low
risk patients, that of Cahilla.28. While this prior study was thoroughits analysis, it did not account
for many of the subsequent and unintended costs that a screening strategy would elicit. Thus, its
conclusion that cervicdéngth screening is casffective needed to be verified in a study that included
these unintendkexpenditures and consequences. The costs for serial céevigtd ultrasound scans,
inpatient hospitalizations and progesterone administration for théemigth (1.52.49 cm) cervix were
included in our cost analysis despite the lack of evidencatiyadf these interventions improve neonatal
outcome.

The model of Cahilta. also used a significantly lower cost per transvaginal&&b2, with a
range of $ 43 to $ 74. These rates are consistentwitkia reimbursement for nefacility chargesonly
at inexpensive locales. This range does not include technical fees, which are a significant portion of the
cost of ultrasound services, or additional ultrasound fees from repeat cervical assessments. It also does not
account for many sites, includimgany cities, where highesuicaid rates are charged using an adjustment
factor, the Geographic Practice Cost Indices. As the model is from a societal perspective, it is important
that the range of costs includes geographic price differences and physésamtis was particularly
important as the cost per transvaginal ultrasound scan was one of the few variables to which the model
was sensitive.

While our model is somewhat biased against screening compared to thet@aRithodel
(higher costs for ultrasound screening and more accountability foffasstves), we reached the same
conclusion: a strategy of universal cervitahgth screening would be caxffective. This strengthens the
growing evidence in favor of routine assessment of cervical length by ultrasonography.
As with any decision analysis, the accuracy of our outcomes depends on the quality of the data used
within our model. Although we were fortunate to have a randomized trial that demonstrated the effects of
progesterone supplementation at reducing the risk of preterm birth-mslowomen with a short cervix,
this could also be considered a weakness, anddicgrwould be ideal (and a luxury) to have multiple
randomized controlled trials that demonstrate this finding. Based on our sensitivity analysis, if
progesterone is found to be significantly less effective at preventing preterm birth before 34 weeks, th
cervicatlength screening may not be cost saving. Therefore, our study highlights the importance of
verifying the efficacy of progesterone at reducing the risk of preterm birth with future randomized
controlled trials.
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Our analysis was from the perspeetof society. Direct costs were ascertained and accounted for
and we did not use indirect costs in our model. However, most of these costs are likely to favor screening,
such as the psychological and financial impact of caring for a premature neovedeelave did
examine the potential effects of productivity losses from prescribed bed rest due to a short cervix. While
bed rest has never been shown to decrease preterm birth rates in women with shortened cervices, a recent
survey of members of the Amean College of Obstetricians and Gynecologists demonstrated that 34%
of obstetricians prescribed bed rest for a cervical length of < 25.¢rhus, we explored the impact of
bed rest on the cosffectiveness of universal cervidehgth screening in women with short and mid
length cervices (< 1.5 cm and 1549 cm, respectively). The losses in work productivity and domestic
productvity are based on data from Goldenbesg30 and adjusted to 2010 dollars. Even if all women
with cervical length < 1.5 cm werdaged on bed rest, cervigangth screening would remain cost
saving. However if all women with a cervical length of < 2.5 cm were placed on bed rest, screening
would shift from a cossaving practice to a strictly cestfective strategy, with each QALYo0sting $ 82
000. This highlights the large cost to society of prescribed bed rest despite its unclear efficacy.

We believe that this study provides a comprehensive analysis of the intended and unintended costs of
transvaginal cervicdkength screening imwomen at low risk for preterm birth. When this screening
protocol is combined with vaginal progesterone treatment, screening-efieasive for the healthcare
system and should be investigated further.

Addendum

We reanalyzed our model incorporating theently published data of Hassan31. We added
an additional assumption to the base case that vaginal progesterone tresdoeed preterm birth rates
in women with midpregnancy cervical lengths between 1.5 cm and 2.5 cm. With these adjustments,
universal cervical length ultrasound screening continued to be the dominant strategy. For every 100 000
women screened we predichet health improvement of 735 QALYs and net savings to the healthcare
system of $ 19 603 380 with universal cervical length screening. The results by Hastesngthen the
evidence that universal cervical length screening could both improve qufdifgyand be cossaving
under a wide range of circumstances.
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Abstract
Objective

To investigate whether cervical length measured by transvaginal ultrasonography predicts
spontaneous preterm birth at < 35 weeks' gestation in women with a history of spontaneous
pretermbirth, stratified by spontaneous preterm birth history subtype (preterm premature rupture
of membranes (PPROM) or preterm labor with intact membranes at onset of labor).

Methods

This retrospective cohort study included women with a history of spontapesiasm birth that

were subsequently pregnant with singleton gestations, compared witkriskas@ntrol group.
Transvaginal ultrasonographic cervical lengths were measured at 24 to 30 weeks of gestation.
The primary outcome was spontaneous preterm &irth35 weeks. Secondary outcomes

included spontaneous preterm birth at < 37 weeks and < 34 weeks, low birth weight, Cesarean
delivery and perinatal morbidity and mortality. Multiple logistic regression analysis was used to
control for potential confoundemnd calculate odds ratios and 95% confidence intervals.
Receiveroperating characteristics (ROC) curves were used to determine the bef$tfaut
transvaginal ultrasound cervical length in predicting spontaneous preterm birth at < 35 weeks.

Results

Women with a history of spontaneous preterm birth with intact membranes at onset afHabor (
42) had a shorter cervical length (3.28 cm) than women with a history of spontaneous preterm
birth with PPROM at onset of labor (n = 48, cervical length 3.77 cmQ®19), and both
subgroups had shorter cervical lengths than theriskvcontrol group{= 103, cervical length

4.30 cm;p < 0.0001). Both subgroups were associated with spontaneous preterm birth at < 35
weeks, < 37 weeks, < 34 weeks and birth weighb80 g. ROC curves determined that the best
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cut-off for cervical length to predict spontaneous preterm birth at < 35 weeks was 3.0 cm. By
multiple logistic regression analysis, the only independent predictors of spontaneous preterm
birth at < 35 weeks wercervical length < 3.0 cm, a history of spontaneous preterm birth and
antepartum bleeding in the current pregnancy. In women with a history of spontaneous preterm
birth, a cervical length as measured by transvaginal ultrasonography of < 3.0 cm hativitysensi
of 63.6%, specificity of 77.2%, positive predictive value of 28.0% and negative predictive value
of 93.8%, for preterm birth at < 35 weeks.

Conclusion

Women with a history of spontaneous preterm birth with preterm labor and intact membranes at
theonset of labor have shorter cervices than women with a history of spontaneous preterm birth
and PPROM at the onset of labor, and both groups have shorter cervices tharsla ¢ontrol

group. Both groups of women with a history of spontaneous pretetfmhiave an increased risk

of recurrent spontaneous preterm birth at < 35 weeks, and this is predicted by a transvaginal
ultrasound cervical length of < 3.0 cm.

Copyright © 2008 ISUOG. Published by John Wiley & Sons, Ltd.

Introduction

Preterm birth is a major cause of perinatal morbidity and mortalityli 5, and may be
classified by its clinical presentationd including preterm premature rupture of
membranes (PPROM), spontaneous preterm labor or indicated preterm delivery for
maternal or fetal reasons6, 7. One of the most important risk factors for preterm birth is
a history of spontaneous preterm birth8i 14. Cervical length measured by transvaginal
ultrasonography has been shown to predict preterm birth in asymptomatic low-risk
women as well as in those presenting with threatened preterm laborl5i 18. We recently
performed a meta-analysis to estimate the accuracy of cervical length measured by
transvaginal ultrasonography in asymptomatic high-risk women in predicting
spontaneous preterm birth19. We found that cervical length measured by transvaginal
ultrasonography in asymptomatic high-risk women predicted spontaneous preterm birth.
However the studies did not distinguish between the specific subtypes of spontaneous
preterm birth history (PPROM prior to the onset of labor compared with spontaneous
onset of labor with intact membranes) in the same study. In addition, only one study
evaluated the use of transvaginal ultrasonography after 24 weeks' gestation in women
specifically with a history of spontaneous preterm birth20.

The objective of the current study was to evaluate the efficacy of transvaginal
ultrasonography at 247 30 weeks' gestation in women with a history of spontaneous
preterm birth, stratified by spontaneous preterm birth history subtype, in predicting
spontaneous preterm birth at < 35 weeks' gestation.
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Patients and Methods

This retrospective cohort study included women with singleton pregnatetiesring between

June 2000 and July 2006 at the Women's Health Centre of Eastern Health, St John's,
Newfoundland, Canada, who had previously had a spontaneous preterm birth at between 16 + 0
weeks and 36 + 6 weeks, and who had undergone measuremantaai ¢ength by

transvaginal ultrasonography at between 24 and 30 weeks' gestation in the current pregnancy.
This group of women was divided into two subgroups: Group 1 comprised women with a history
of PPROM prior to preterm labor leading to deliveryd &roup 2 comprised women with a

history of intact membranes at the onset of preterm labor resulting in preterm birth. Women were
excluded if they had undergone cervical cerclage placement. None of the women received
progesterone in the current pregnarasythis was not the practice at the center at the time of the
study. A comparison group of levisk women with singleton gestations without a history of
spontaneous preterm birth, who had also undergone celemngih measurement by transvaginal
ultrasongraphy at between 24 and 30 weeks, was also included. The study was approved by the
Human Investigation Committee of Memorial University and the Ethics Committee of the
hospital.

Methods of transvaginal ultrasonography have been previously degcrilgaime of the low

risk women have been described in a previous publication evaluating transvaginal
ultrasonography in women who haxdatment for cervical intraepithelial neoplasia compared

with low-risk women who had not had such treatriéntransvaginal ultrasmgraphy was
performed by one of three materifatal medicine specialists, with the ATL HDI 5000

Ultrasound System (Philips Medical Systems, Markham, Ontario, Canada) or Voluson 730
Ultrasound System (GE Medical Systems, Milwaukee, WI, USA) usin®@a/81z transvaginal
probe. With the maternal bladder empty, the cervical length was measured in the sagittal plane
after visualizing simultaneously the internal and external cervical os. Three measurements were
obtained. Next suprapubic pressure was applispjating the presenting fetal part to determine
whet her funneling had occurred, defined as a
the amniotic membranes. The shortest of these measurements was considered the cervical length.
If the cervicallength was measured on more than one occasion between 24 and 30 weeks'
gestation, the shortest measurement was used. The women and attending physicians were not
blinded to the cervical length measurements. Gestational age was deduced from known last
menstual period or dating ultrasound at less than 20 weeks' gestation. Complications of each
pregnancy were recorded, including antepartum bleeding after 20 weeks, the use of tocolytics,
polyhydramnios, diabetes (both gestational and pregestational), andahateoking.

Demographics including gravidity, parity, maternal age and ethnicity were recorded.

The primary outcome of the study was spontaneous preterm birth at less than 35 weeks'
gestation, with cervical length as determined by transvaginal ultraseurgitbe primary

exposure variable of interest. Spontaneous preterm birth included preterm birth related to the
spontaneous onset of labor with intact membranes or with PPROM. Secondary outcomes
included the occurrence of spontaneous preterm birth ahi@ss87 and at less than 34 weeks'
gestation, with the presence of funneling on transvaginal ultrasonography being a secondary
exposure variable of interest. Neonatal outcomes included gestational age at delivery, birth
weight, Apgar score, admission teetheonatal intensive care unit (NICU) and perinatal
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morbidity and mortality. Perinatal morbidity was defined as at least one of the following: 5 min
Apgar score less than 7; cord arterial pH less than 7.10; bacterial infection within 72 h of
delivery; NICUadmission for more than 24 h; seizure; ventilation after initial resuscitation; and
evidence of enabrgan dysfunction within 72 h of delivery (e.g. hepatic, cardiac, renal,
coagulation or hypotension).

Sample size was based on detectingnand differencen cervical length with a standard

deviation of 8 mrm8 (based on a previous study), which required 42 women per group, and
detectinga difference in the occurrence of spontaneous preterm birth frgii @9dsed on the
control group in a previous study) to 20% (lzhea the estimated risk of spontaneous preterm
birth if there was a history of spontaneous preterm birth in a previous preghdhdg)order to
achieve this, a minimum of 39 women in each study group and 78 in the control group were
needed, using a ratio of 1 sBbjects to controls.

Statistical analysis was performed with SPSS 15.0 (SPSS Inc., Chicago, IL, USA) and PEPI
3.01, 2000 (Computer Programs for Epidemiologists, Stone Mountain, GA, USA). Continuous
variables that were normally distributed were descrdveticompared with Student'gest and
analysis of variance (ANOVA). If the null hypothesis was rejected in ANOVA;\piEie
comparisons were performed using the Tukey HSD test. Categorical variables were compared
wi t h 2ot Hisker'seexact test, wheappropriate. Ordinal variables and continuous variables
that were not normally distributed were described as medians and compared with the Wilcoxon
Rank Sum or KruskalWallis test, and a of less than 0.05 was considered statistically
significant. Multide logistic regression analysis was used to control for potential confounders
and determine which variables significantly predicted the primary outcome of spontaneous
preterm birth at less than 35 weeks. Variables in the initial models were maternardage, p
smoking, antepartum bleeding after 20 weeks, diabetes, polyhydramnios, previous spontaneous
preterm birth, and cervical length. Variables were retained in the final models if they less a
than 0.10. Receiveoperating characteristics (ROC) caswere used to determine the best cut

off point for cervical length for the prediction of spontaneous preterm birth at less than 35 weeks'
gestation.

Results

One hundred ninetthree women were included in the stdd48 women with a history of
spontaneoupreterm birth with prior PPROM (Group 1), 42 with a history of spontaneous

preterm birth with preterm labor with intact membranes at the onset of labor (Group 2), and 103
low-risk controls. Maternal characteristics of the three groups are shown inIT &tll¢he

women except one were Caucasian. Both the preterm study groups had greater median gravidity
and parity than the lowisk control group. Womem Group 2 had a higher rate of diabetes and
polyhydramnios than those in the control group. Women in Group 1 had a higher incidence of
antepartum bleeding in the current pregnancy than the women in Group 2.
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Table 1 Maternal characteristics of the study population

Group 1 Group 2 Controls
Parameter (n=48) (n=42) (n=103) P

Maternal age 299453 294441 294+5.1 0.83*

(years)
Gravidity 3[2,4] 3[3.4] 2[L3] <0.00011
Parity 1[1,2] 1[1,2] 1[0,1] <0.0001%
Parous 45(93.8) 38(90.5) 55(53.4) <0.0001*
Smoker 11(229) 6(14.3) 16(15.5) 0.461
Gestational ageat 184 £+ 14 187+ 14 186+18 0.73*
TVUS (days)
Antepartum complications
Bleeding 6 (12.5) 0(0) 12 (11.7)  0.035%
Diabetes 7 (14.6) 9(21.4) 8 (7.8) 0.068%
Polyhydramnios 1 (2.1) 3(7.1) 0(0) 0.015%

Data expressed as mean + SD, median [quartiles] or 2z (%).
P-values are for comparison of all three groups. Group 1, women
with previous spontaneous preterm birth with preterm premature
rupture of membranes; Group 2, women with previous
spontaneous preterm birth with intact membranes at onset of labor.
*ANOVA. tKruskall-Wallis test. $x* rest. §Fisher’s exact test.
TVUS, transvaginal ultrasonography.

Table2 shows the transvaginal ultrasound findings of the study groups and the control group.
Women in Group 2 had a significantly shorter cervix than womésroup 1. Both groups had
shorter cervices than the control group (ANOWA; 0.0001; Tukey HSD: Group 2 vs. Group
1,,=10.019; Group 2 vs. control groups 0.0001; Group 1 vs. control groups 0.001).
Funneling was found more commonly in women ilo@r 2 than in those in the control group. A
cervical length of less than 3.0 cm was found more frequently in both Group 1 and Group 2 than
in the control group.

Table 2 Transvaginal ultrasound findings

Group 1 Group 2 Controls
Parameter (n=48) (n=42) (n=103) P

Shortest cervical 3.77£0.96 3.28+1.01 430+0.71 <0.0001*

length (cm)
Funneling 3(6.3) 7 (16.7) 1(1.0) 0.00081
Cervical length 10 (20.8) 15(35.7) 2(1.9) <0.0001%
<3.0cm

Data expressed as mean = SD or 7 (%). Group 1, women with
previous spontaneous preterm birth with preterm premature
rupture of membranes; Group 2, women with previous
spontaneous preterm birth with intact membranes at onset of labor.
*ANOVA. {Fisher’s exact test. Ty test.
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Maternal outcomes are shown in TabBldoth the study groups were more likely to have
spontaneous preterm birth at less than 35 weeks' gestation in the current pregnancy, as well as
spontaneous preterm birth at less than 37 weeks and #tdes34 weeks, compared with the
control group. The study groups were also more likely to have episodes of threatened preterm
labor. The lengths of the first and second stages of labor, excluding Cesarean deliveries, were
shorter in women in Group 2 thamthose in the control group. There was no difference in
Cesarean delivery rates. Women in Group 1 were more likely to have recurrent PPROM than

those in Group 2.
Table 3 Maternal outcomes of the study population

Group 1  Group2  Controls
Qutcome (n=48) n=42) ((n=103) P

Spontaneous PTB 6 (12.5) 5(11.9) 1(1.0) 0.002*
at < 35 weeks

Spontaneous PTB 13 (27.1) 8 (19.0) 4(3.9) =<0.00011
at < 37 weeks

Spontaneous PTB 4 (8.3) 4 (9.5) 1(1.0) 0.016*
at < 34 weeks

Gestational ageat 262+ 19 26415 274+ 14 <0.0001%
delivery (days)

Cesarean delivery 11(22.9) 10(23.8) 26(25.2) 0.95¢%

Threatened 17(35.4) 18(42.9) 12(11.7) <0.0001¢
preterm labor

Tocolysis 2(4.2) 1(2.4) 2(1.9) 0.83*

PPROM in current 10 (20.8) 2 (4.8) 5(4.9) 0.0031
pregnancy

Length of first 322 +239 248 £ 158 362 205 0.036%
stage of labor
(min)§

Length of second 39+ 62 3344 62 +£72 0.055¢
stage of labor
(min)§

Data expressed as n (%) or mean + SD. Group 1, women with
previous spontaneous preterm birth with preterm premature
rupture of membranes (PPROM); Group 2, women with previous
spontaneous preterm birth with intact membranes at onset of labor.
*Fisher’s exact test. 132 test. FANOVA. §Excluding Cesarean
delivery. PTB, preterm birth,

Table4 shows the neonatal outcomes of the three groups. Birth weight was significantly lower in
both the study groups and there was a higher incidence of birth weight less than 2500 g in these
groups compared with the control group. Theeze no differences in other neonatal outcomes
including Apgar score, NICU admission, and perinatal morbidity. There was one perinatal death
in this study. The mother was in the control group and had a Cesarean delivery for transverse lie
at term; a majocongenital heart defect was diagnosed in the baby in the neonatal period. This
child had palliative care and died at 32 days of age.

48


http://onlinelibrary.wiley.com/enhanced/doi/10.1002/uog.6143#tbl3
http://onlinelibrary.wiley.com/enhanced/doi/10.1002/uog.6143#tbl4

Table 4 Neonatal outcomes of the study population

Group 1 Group 2 Controls
Outcome (n=48) (n=42) (n=102)* p

Birth weight (g) 3115 + 665 3159 + 652 3441 + 625 0.005¢

Birth weight 8(16.7) 7 (16.7) 6(5.9) 0.058%
<2500 g

Apgar score < 7 6(12.5) 2 (4.8) 9/101 (8.9) 0.47%
at 1 min

Apgarscore <7 1/47 (2.1) 0(0) 3/101 (3.0) 0.81§
at 5§ min

NICU admission 8 (16.7) 6(14.3) 8/101 (7.9) 0.24%

Perinatal 8 (16.7) 6(14.3) 9 (8.9) 0.341
morbidity

Data expressed as n (%) or mean + SD. Group 1, women with
previous spontaneous preterm birth with preterm premature
rupture of membranes; Group 2, women with previous
spontaneous preterm birth with intact membranes at onset of labor.

*Neonatal data (apart from gestational age at delivery) missing for
one patient. fANOVA. $x? test. §Fisher’s exact test. NICU,
neonatal intensive care unit.

ROC curves were developed to predict spontaneous preterm birth at less than 35 weeks'
gestation, revealing the best-@it for cervical length to be less than 3.0 cm (Figlre
Sensitivity, specificity, positive and negative predictive values and likelihood ratitsgaut
off for women with a history of spontaneous preterm birth are shown in $able
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Figure 1 Receiver—operating characteristics curve for transvaginal
ultrasonographic measurement of cervical length to predict
spontaneous preterm birth at < 35 weeks’ gestation.
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Receiver operating characteristics curve for transvagutghsonographic measurement of cervical
length to predict spontaneous preterm birth at < 35 weeks' gestation.

Table 5 Screening test accuracy for transvaginal ultrasonographic
cervical length < 3.0 cm to predict spontaneous preterm birth at
< 35 weeks’ gestation in women with a history of spontaneous
preterm birth

Parameter Value

Sensitivity 63.6% (7/11; 95% CI1, 33.6-87.2%)
Speciflcity 77.2% (61/79; 95% CIL, 67.0-85.5%)
Positive predictive value 28.0% (7/25; 95% CI, 13.2-47.7%)
Negative predictive value  93.8% (61/65; 95% CI, 85.5-98.0%)
Positive likelihood ratio 2.79 (95% CI, 1.53-5.11)
Negative likelihood ratio 0.47 (95% CL 0.21-1.04)

Multiple logistic regression analysis was performed to control for potential confounders to
identify predictors of spontaneous preterm bittleas than 35 weeks' gestation, revealing that
the only independent predictors were a history of spontaneous preterm birth (odds ratio (OR)
13.64; 95% CI, 1.34138.81), cervical length less than 3.0 cm (OR 5.00; 95% CIj 192489)

and antepartum bleedif®R 11.37; 95% CI, 2.054.16). Multiple logistic regression analysis
was also performed for birth weight less than 2500 g, finding that smoking (OR 3.85; 95% Cl,
1.34111.08) and cervical length < 3.0 cm (OR 6.81; 95% CI,i2.8(B1) were the independent
predictors.

Discussion

Our results confirm that cervical length as measured by transvaginal ultrasonography predicts
spontaneous preterm birth in women with a history of spontaneous preterm birth, a finding
common to both subgroups of spontaneous preteatmtastory. It is important that both groups

of women be evaluated separately, as the pathogenic process may be different for these two
etiological categories of preterm biith Similarly to previous studiég, 22/ 24, we also found

that women with a history of preterm birth preceded by PPROM were at increased risk of
recurrent PPROM (20.8%pmpared with lowrisk women (4.9%). Unlike other investigatdfs

we found that women with a history of preterm birth with intactmenes at onset of labor did
not have a higher risk for PPROM in the current pregnancy (4.8%) compared witiskow
women (4.9%). These findings of different rates of PPROM in the current pregnancy, based on
the type of previous preterm birth, supposg ttypothesis that different mechanisms are
responsible for preterm birth in these two groups of wdmen

Interestingly, unlike mostther studies of women with a history of spontaneous preterm

birth20, 25 28, we noted the best coff for cervical length to predict spontaneous preterm birth
to be < 3.0 cm, rather than < 2.5 cm. This may be owing to the later gestational age at which
transvagnal ultrasonography was carried out in our study, as most other studies evaluated
cervical length prior to 24 weeks, 25 28, with only one study evaluating cervical length after
24 weeks, in 42 women. It is important that cervical length measured by transvaginal
ultrasonography at this later gestational age be evaluated as many centers currently offer
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transvaginal ultrasound beyond 24 wgek gestation to women with a history of spontaneous
preterm birt9. Although no randomized clinical trials have shown that tleeofisransvaginal
ultrasonography at this gestational age reduces perinatal morbidity and mortality, this
information may be useful in counseling and managing women (such as the use of
corticosteroids for fetal lung maturation) and may identify a groupgbtrisk women for future

trials of interventions to reduce the incidence of preterm birth. A recent study found that the use
of progesterone in women found to have a short cervix by transvaginal ultrasonogragibat 20
weeks reduced the rate of spontaunepreterm birth at less than 34 weeks' gestafidrowever

this study did not evaluate transvaginal ultrasonography at latetigast ages. Also, this study

was not powered to detect a reduction in perinatal morbidity and mortality.

It is important that the shortcomings of this study be addressed. We did not have adequate power
to evaluate perinatal morbidity and mortality. Altlgln we were able to control for many

potential confounders (including maternal age, parity, antepartum bleeding, smoking,
polyhydramnios and diabetes) we were not able to control for socioeconomic status as this
information was not available to us. Alsoves only evaluated cervical length between 24 and

30 weeks, we were not able to comment on the outcomes of extreme prematurity or the use of
cervical cerclage (as women undergoing cervical cerclage were excluded). We do not know the
number of women underg cervical cerclage during the study period. In addition, this study
evaluated the shortest cervical length between 24 and 30 weeks, and did not evaluate changes in
cervical length if serial assessments were performed. Finally, we did not evaluajgotehéal
predictors of preterm birth in this group, such as fetal fibronectin.

In summary, women with a history of spontaneous preterm birth with preterm labor and intact
membranes at the onset of labor had shorter cervices than women with a histontarfiespus
preterm birth and PPROM, and both groups had shorter cervices than thekieantrol group.
Both groups of women with a history of spontaneous preterm birth had an increased risk of
recurrent spontaneous preterm birth at less than 35 weslkatige. This is predicted by a
transvaginal ultrasound cervical length of < 3.0 cm.
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Cost-effectiveness of transvaginal ultrasound cervical
length screening in singletons without prior preterm birth:
an update

Maureen Hamel, Kelly Orzechowski, Vincenzo Berghella, Stephen Thung, Erika Werner

Article Outline

. Objective

Il. Study Design
1. Results
\VA Conclusion

Objective

To evaluate the cost effectiveness of universal transvaginal ultrasound (TVU) cervical length (CL) screening in

singleton pregnancies without prior spontaneous preterm birth (PTB).

Study Design

We developed a decision model to assess costs and effects of universal TVU CL screening at 18-24 weeks gestation
compared to routine care for singletons pregnancies without prior PTB. Based on recent data, the model contains the
following updates: 1) reduced prevalence of CL L 20mm at initial screening ultrasound (0.82%), 2) vaginal
progesterone supplementation for women with CL L 20 mm, 3) one additional ultrasound for women with CL 21-
24.9mm, and 4) the assumption that vaginal progesterone reduces the rate of PTB<34 weeks gestation by 39% if a
short CL is diagnosed. The primary outcome was Incremental Cost-Effectiveness Ratio (ICER). We assumed a
willingness to pay of $100,000 per quality adjusted life year (QALY) gained. Additional outcomes included offspring
incidence with long-term neurological deficits and neonatal death. Sensitivity analyses were performed to assess the

robustness of the results.
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Results

For every 100,000 women screened, universal TVU CL screening saves $2,325,457 compared to routine care.
Screening results in 240 QALYS gained and 11 fewer neonatal deaths or neonates with long-term neurologic deficits
per 100,000 women screened. Cervical length screening is the dominant strategy (cost saving with improved
outcomes). Sensitivity analyses reveal that when prevalence of TVU CL L. 20mm is <0.33%, universal TVU CL
screening is no longer cost-effective. Additionally, when TVU CL costs >$122, prometrium reduces delivery risk
before 34 weeks <34%, or the prevalence of a TVU CL L 20 mm is <0.7%, CL screening is cost-effective but not cost

saving.

Conclusion

Despite the reduced prevalence and efficacy used in this model, universal TVU CL continues to be a dominant

strategy when compared to routine care in singletons without prior PTB.
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17P Plus Cerclage Decreases Preterm Labor Risk

May 6, 2013

New Orleans, LA -- Pregnant women at risk of preterm labor who have their cervix
stitched closed may increase their chances of carrying a fetus to term by also receiving
injections of 17P, according to research presented today at the Annual Clinical Meeting
of The American College of Obstetricians and Gynecologists.

The cervix is stitched closed in a minor surgery known as 0 c e r c¢ |1@Pg(¥7.alpha-
hydroxyprogesterone) is a progesterone - based hormone given to pregnant women at
high risk for preterm birth. It is available as a gel or an injectable.

A small study, lead by Lorene Temming, MD, at Carolinas Medical Center in Charlotte,

NC, looked at 123 women from 2009 to 2011. It found that pregnant women receiving
cerclage alone were 22 times more likely to experience preterm birth before 34 we e k s 0
gestation than those given cerclage plus 17P.

Cerclage is often performed on pregnant women with a history of multiple second -
trimester losses who have painless cervical dilation and deliver early, a condition called
cervical insufficiency. Other studies have shown 17P prevents recurrent preterm birth
in women with a history of preterm birth.

0 Pr e tbatlh m a spectrum of disease, and preterm labor as well as cervical
insufficiency, are both on this s p e c t rsaidnDréTemming. 0 P r e tlabar ris typically
treated with weekly injections of 17P, and cervical insufficiency is typically treated with
cerclage. | wanted to see if the addition of 17P to people treated with cerclage showed
improved o ut c o m@rsTemming added.

According to Dr. Temming, the results are surprising because other studies have not
shown a statistically significant benefit of adding 17P treatment to cerclage, though

55



some showed a trend toward decreased rates of preterm labor with the addition of
17P.

Women in Dr. T e mmi ngjudys had cerclage for various reasons, but a large
percentage were emergency cerclage. Dr. Temming said this could account for some of
the differences between her study and others because this group may reflect a
population with more significant risk.

*Monday Poster #78. Cerclage Alone vs. Cerclage and 17P for the Prevention of
Preterm Birth

The American College of Obstetricians and Gynecologists (The College), a 501(c)(3)
organization, Isthe n at | deading group of physicians providing health care for
women. As a private, voluntary, nonprofit membershijp organization of more than
57,000 members, The College strongly advocates for quality health care for women,
maintains the highest standards of clinical practice and continuing education of its
members, promotes patient education, and increases awareness among its members
and the public of the changing issues facing w o me nheath care. The American
Congress of Obstetrician s and Gynecologists (ACOG), a 501(c)(6) organization, Is its
companion organization. Www.acoq.orqg
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Management of Pregnancies With Cervical Shortening: A
Very Short Cervix Is a Very Big Problem

Hee Joong Lee, MD, PhD,* Tae Chul Park, MD, PhD," and Errol R Norwitz, MD, PhDA

Abstract

Preterm birth, Cervical length measurement, Cervicovaginal fetal fibrorieretiarm birth

(PTB), defined as birth before 37 weaKgyestation, complicates more than 12% of deliveries
and is the leading cause of perinatal morbidity and mort&li@f all neonatal deaths, 75% to

95% occur as a result of preterm delivemhe prognosis for individual preterm infants depends
primarily on gestational aga birth. Mortality rises from about 2% for infants born at or after 32
weeks to more than 90% for those born at 23 wééke risk of severe handicap in survivors is
more thar60% for those born at 23 weeks and less than 5% by 32 W&dREB is also a major
cause of longerm health problems in neonates, including respiratory distress syndrome, chronic
lung disease (bronchopulmonary dysplasia), infection, intraventricular hemorrhage, and severe
neurologic deficit2 Unfortunately, despite intensive research efforts, we cannot effectively
stop preterm labor and there has been no decrease in the overall incidémBeovkr the past

30 years16

Can We Accurately Predict Preterm Delivery?

Clinical Features Are Not Reliable

A history of a prior spontaneous PTB is the best demographic predictor for a recurrent PTB, but
it is not useful for nullipara. There are 4 major groups of tests that have been developed to
identify women at high risk for PTB: home uteringiaty monitoring (HUAM), risk factor

scoring, cervical length measurements, and biochemical/endocrine markers. Unfortunately,
measurement of the frequency of uterine contractions is not clinically useful for predicting
PTBX and HUAM has been largely abandoned. A number of epidemiologic, demographic, and
historic risk factors for PTB have been identified including, among others, multiple pregnancy,
black race, reduced prepregeg maternal body mass index (< 19.8 k§){rhacterial vaginosis,
vaginal bleeding, smoking, and illicit drug use (cocaif&)However, risk factor scoring has
proven to be of limited benefit in identifying women at risk of PTB, and reliance on risk factor
scoring alone will fail to identify more than 50% of women who deliver pretékost

importantly, perhaps, premonitory symptoms and signsluding reported uterine contractions
(regular or irregular), pelvic pressure, backache, increased vaginal discharge, or vaginal
bleedin@ that have traditionally been the cornerstone of clinical assessment fér R

been shown to be nonspecific and poorly predictive of a subsequeatPTB.
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Direct digital examination of the cervix is subjective and may be misleading, especially in
multipara. For this reason, serial digital examination of the cervix throughout pregnanog has n
been shown to significantly improve pregnancy outcérhmwever, sonographic measurement

of residual cervical length (CL) does appear to accurately identify women &mBKBZ A

number of biochemical/ endocrine markers have been studied as potential predictors of

PTB2 The most widely used and consistently supported of these markers is cervicovaginal fetal
fibronectin (fFN)#2° In the absence of reliable clinical predictors of PTB, obstetric care

providers should be focusing their attention on the 2 best and most widely accepted methods of
identifying women at high risk of PTB in both nullipara and mulép&fN and CL
measurementsigure 9.
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Risk of spontaneousrgterm birth (SPTB) before 32 weeks of gestation according to various risk factors.
BMI, body mass index; fFN, fetal fibronectin; RR, relative risk. Data from Goldenberg RL et al.

fEN

Fetal fibronectin is a fetal glycoprotein found at the interface between the maternal decidua and
fetal amniochorion. It serves as the glue that holds the fetal membranes down to the underlying
uterine tissues. fFN is normally present in ¢teevicovaginal secretions of pregnant women

before 20 weeks of gestation and again at term, but should be absent between 22 and 37
weeks?®2’ Elevated levels of fFN in the cervicovaginal discharge (defined as > 50 ng/mL) has
been shown to be a reliable predictor of subsequent PTB in the setting of intact membranes, and
likely represents premature seg@on of the fetal membranes from the underlying maternal
decidu&’ It is approved by the US Food and Drug Administration (FDA) and recommended by
The American College of Oladticians and Gynecologists (ACOG) for this indication.
Interestingly, markedly elevated levels of cervicovaginal fFN from 13 to 22 weeks of gestation
have also been associated with an increased risk of spontaneo&s®liBthe test is not FDA
approved nor ACOG recommended at this gestational age. The detection of fFN in the
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cervicovaginal dischge at 22 to 24 weeks of gestation is associated with a delivery rate of only
13% by 28 weeks of gestation and 36% by 37 wé€ekise major value of the fFN test lies in its
high negative predictive value. At least 99% of symptomatic patients with a negative fFN will
not deliver within 7 day%

Cervical Length Measurements

The gold standard for the meaement of CL in pregnancy is transvaginal ultrasonography

(TVS) using sterile technique, which has many advantages when compared with digital
examination. TVS is objective, reproducible, and acceptable to pafi€dsvical changes such

as dilatation of the internal cervical os with funneling (beaking) of the membranes can be easily
appreciated by TVS, but not by digital examinatidvioreover, TVS appears to be safe and does
not increase the risk of ascending infection even in patients with preterm premature rupture of
membranes (PROM}J33

A number of sonographic features of the cervix on TVS have been correlated with PTB,
including funneling of the membranes and the presence of debris thiéhatjacent amniotic

fluid,®* but the most consistent association is with theadted residual CL, which refers to the
measurement of closed cervix (canal length) betweeimthrnal os and external os. The CL
measurement should be acquired in the sagittal view using TVS while the bladder is empty and
without excessive pressure applied by the transvaginal probe. This measurement has an
interobserver variation of 5% to 109t has been suggested that the process of cervical
shortening begins with dilatation of the internal os leading to funneling and progressive
shortening of the CE8 Dr. Jay lams has described the appearance of the cervix on TVS over
time as a progression of the letters T, Y, V, and U (Trust Your Vaginal Ultrasound) representing
the progressive increiag funneling and decreasing CEigure 9.2’ Although some degree of
cervical shorteing may be explained by normal biologic variance, it is likely that most cases of
cervical shortening result from pathologic processes such as inflammation, hemorrhage,
premature uterine contraction, or uterine overdisten&ién.

D)

Figure 2Sonographi@appearance of the cervix on transvaginal sonography with progressive effacement
and shortening: Trust Your Vaginal Ultrasound. Reproduced with permission from I&ms JD.

In unsdected or lowrisk pregnancies, the CL does not change significantly between 20 and 30
weeks of gestation with a median CL of 35 mm (10@th percentile, 25 mm and 45 mm,
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respectively) at 22 weeks of gestation and 33.7 mm at 28 Wdeksomen at high risk for
spontaneous PTB, average CL measurements are 36.7 mm at 15 weeks, 35.7 mm at 20 weeks,
and 33.8 mm at 25 weekSAfter 28 weeks, however, even women who deliver at term begin to
have cervical shortenirf§For these reasons, CL measurements prior to 16 weeks an8aft

weeks are of little use in predicting women at risk of PTB. Transvaginal CL measurements
between 16 and 24 weeks of gestation, however, have been shown to be very useful for
predicting PTB in higkrisk pregnancies.

Shortened CL is a risk factor for PTB in both lcamd highrisk pregnancies. As discussed
above, a strong inverse correlation exists between CL and PTB. The risk of spontaneous PTB
increases as CL decreaskslow-risk pregnancies, women with a cervix that is shorter than 25
mm (10th percentile) at 24 weeks havefal@ increase in the risk of spontaneous PTB before
35 weeks of gestation compared with women with values above 40 mm (75th per&edtilyg).

2% of lowrisk pregnancies at 22 to 24 weeks of gestation will have a CL shorter than 15 mm,
but 60% of these women will deliver before 28 weeks of gestation and 90% will dedioee

32 weeks? In a prospective study of 705 higisk women, the risk of spontaneous PTB before
35 weeks decreased by approximately 6% for each additional millimeter @ €1001) and by
approximately 5% for each additional week of pregnancy during which the CL was measured
(P = .004):°Although it is controversial, most authorities ussugoff of shorter than 25 mm to
define a short CL at 22 to 24 weeks of gestation in bothdma highrisk

pregnancie&’* Routine measurement of CL to identify women at risk for spontaneous PTB is
not currently recommended in otherwise {ask pregnancies because of the low positive
predictive value and absence of proven effective interveniighblowever, serial

measurements of CL should be performed in‘tigk women to better identifjnbse

pregnancies at risk for spontaneous PTB prior to 35 weeks of gestiadian ().394348

Table 1

Observational Studies Comparing Cervical Length Measured by Transvaginal Ultrasound With the Risk of Spontaneous Preterm Birth

Author (Year) Gestational Age at No. Population Gestational Age End Preterm Birth  Cervical Length Sensitivity Specificity Positive
Evaluation (wk) Point (wk) Rate (%) Cutoff (mm) Predictive

Value

Tongsong et al 28-30 730 Unselected <37 125 =30 031 0.87 026

(100522

Tams et r{l[l.ﬂ%jﬁ 24 2015 Unselected =335 43 =25 037 002 0.18

Taipale and o 1822 3695 Unselected <33 0.8 =31 0.19 091 0.018

Hiilesmaa (1998)>

Berghella et al 14-22 96  Highrisk =35 18 <25 059 0.85 045

(109738

Andrews et al 15-20 53 Highrnisk <33 30 22 0.86 1.0 10

20002

Owen et ﬂlL_‘-DDl)'E 16-24 183  High-risk <35 26 25 0.69 0.80 055

Reprmted with permission from American Jowrnal of Obstetrics and Gynecology. Vol. 188, Owen J et al. “Vaginal sonography and cervical

mcompetence,” pp. 586—396. Copyright 2003, with permission from Elsevier 2

Table 1
Observational Studies Comparing Cervical Length Measured by Transvaginal Ultrasound With the Risk of
Spontaneous Preterm Birth
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CL Measurements Combined With fFN

Cervical length measurements and fFN measurements are independent risk factors TorePTB
risk of spontaneous PTB is higher if both tests are abnormal than if only 1 is abnormal. For
example, in a prospective, observational study of 3076 asymptomatiahigjfowrisk

pregnancies, women with a positive fFN and a CL shorter than 25 mm3&8% risk of
spontaneous PTB prior to 30 weeks of gestation compared with a 6.2% risk if they had only 1 of
these findings and a 1.3% risk if both markers were ab%ent.

Similarly, the risk of recurrent PTB in asymptomatic women with a prior spontaneous PTB is
different depending on the fFN and CL measurements. In this setting, a positive fFN at 22 to 24
weeks of gestation is associated with &024-fold increased risk ofecurrent PTB prior to 35

weeks, and the recurrence risk increases exponentially with decreasing CL irrespective of the
fFN.22 In this cohort, the tests were also additive. Téwirrence risk in women with a positive

fFN was 65% if the CL at 22 to 24 weeks of gestation was less than 25 mm, but only 25% if the
CL was more than 35 mm. In women with a negative fFN, the recurrence risk was 25% if the CL

was less than 25 mm and 7%H& CL was more than 35 m{irigure 3.4

History of spontaneous PTB
(15% risk of delivery = 35 weeks)

I
[ |

(-) fiIN {+) fFN
(12%-13% risk) (4696-49%, risk)
| | | |
CL =25 mm CL 26-35 mm CL > 35 mm CL =25 mm CL 26-35 mm CL =35 mm
(25% risk) (14% risk) (79 risk) (6496 risk) (459 risk) (28% risk)

Figure 3

Risk of preterm birth (PTB) before 35 weeks of gestation in women with a history of a prior spontaneous
PTB with or without cervicovaginal fetal fibronecfRN) and/or sonographic cervical length (CL) at 22
to 24 weeks of gestation. Data from lams..JD

Even in women with symptoms of preterm labor, PTB is highly unlikely if the CL is longer than
30 mm or if the fFN is negativéIn such women, selective use of fFN after CL measurement is
more specific than CL alone for predicting PTB (81% vs 63%, respectidtylight of these

and other data showing conclusively that combined use of the CL measurement by TVS and
cervicovaginal fFN is more effective for predicting PTB than any of these methods akiep, 2
testing should be performed in all womerihwsymptoms of preterm labor to better identify

those women at risk of PTB. To demonstrate the utility of such an approach, Hincz and
colleagues performed sonographic measumamhof CL in 82 women with symptoms of preterm
labor. A CL of less than 20 mm was regarded as a positive (abnormal) result for the prediction of
PTB and a CL of greater than 31 mm was interpreted as a negative (normal) test. Cervicovaginal
fFN was performd only in patients with a CL of 21 to 31 mm. In this cohort, tstep

approach had an overall sensitivity of 86%, specificity of 90%, positive predictive value of 63%,
and negative predictive value of 97% for predicting delivery within 28 days.
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Treatments for Women With a Short Cervix

A number of interventions have been proposed in an attempt to prevent PTB in women at high
risk.

Bed Rest, Tocolytics, and Cervical Cerclage

Bed rest and hydration are often recommended in an attempt to prevent PTB in women at high
risk, but there is no consistent evidence that they are able to delay del&enyarly, tocolytic
medications are often prescribed with a view to preventing PTB. Again, there are no reliable and
consistent data to suggest that any tocolytic agent can delay delivery for longer than 24 to 48
hours22 Although it is not unreasonable to use tocolytics in the acute setting to delay delivery for
24 to 48 hours to administer the first course of antenatal corticosteroids and to transfer the patient
to a tertiary careenter, if indicated, there is no place for routine administration oftemgy
maintenance tocolysi* If maintenance tocolysis is offered, it should be clear to the patient

that it is being done to make her more comfortable, to minimize her anxiety, and to decrease
phone calls and visits to hospital at 3:00 AM, but that it will not prevent PTB.

Cervical cerclage has been widely used as a surgical method to prevent recurrent midtrimester
pregnancy loss in women at risk. Elective (prophylactic) cerclage placement at 13 to 15 weeks of
gestation may benefit some women with proven cervical insufigieNlthough highly

contentious, more recent data suggest that cervical cerclage may reduce the risk of PTB in that
subgroup of asymptomatic singleton pregnancies with both cervical shortening on TVS and a
history of a prior spontaneous PT¥8: Of note, the only randomized, controlled clinical trial on

the use of cervical cerclage to prevent PTB amen with cervical shortening showed no

benefit®! Cervical cerclage placement does not appear to prevent PTB in women with multiple
pregnancie&®’

Progesterone

Progesterone supplementation (not treatment) is being increasingly accepted as an effective
intervention to preent PTB in select women, although it has not yet received FDA approval for
this indication. Although not all studies have shown a be#gfiere is increasing evidence to
suggest that progesterone supplementation from 16 to 20 weeks of gestation through 34 to 36
weeks of gestation may prevent preterm birth in some women at high risk by virtue of a prior
spontaneous PTB* or cervical shortening.

In a randomized clinical trial, weekly immuscular injections of 17 alpfgdroxyprogesterone
caproate (17P) (250 mg) from 16 to 20 weeks of gestation through 36 weeks of gestation
significantly reduced the risk of spontaneous PTB prior to 37 weeks by 33% in 459 women at
high risk by virtue of grior spontaneous PTBThis translated into a significant reduction in

the rates of complications of prematurity, including necrotizing enterocolitis, intraventricular
hemorrtage, and need for supplemental oxygdn.another randomized clinical trial, the daily
use of progesterone (100 mg) by vaginal suppository between 24 and 34 weeks of gestation
similar highrisk population of 142 women significantly reduced the frequency of preterm
uterine contractions (by 56%) and the risk of spontaneous delivery before 37 weeks (by
51%)5“More recently, 413 lowisk women with asymptomatic cervical shortening (< 15 mm) at
20 to 24 weeks of gestation were randomized to vaginal progesterone (200 mg daily) or
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matching placebo from 24 weeks through 34 weeks of gestation. Those warmdemized to
progesterone had a significantly lower rate of spontaneous PTB prior to 34 weeks compared with
those who received placebo (19.2% vs 34.4%, respectively; a reduction of 44T2& study

was not adequately powered to demonstrate a significant reduction in perinatal mortality or
neonatal morbidity.

Several recent studies have investigated the utility of progesterone supplementation to preterm
PTB in twin pregnancieand found it to be ineffectiv8 Whether this is due to inadequate

dosing of progesterone these studies as has been suggested by some investigators or whether it
speaks to a different mechanism of PTB in twins as compared with singletons is not known.

To date, studies looking at the safety of 17P and vaginal progesterone have found noimcrease
the rate of congenital anomalies in infants exposed to these agents starting in the second
trimester of pregnancy®*However, the ideal progesterone formulation, the most appropriate
route of administration, and the lotgym safety of these medications still remain unclear. At

this time, therefore, progesterone supplementation should be uyad awwimen at high risk of

a PTB by virtue of a prior spontaneous preterm delivery or cervical shortddini.these
outstanding issues have been resolved, progesteronerseppd¢ion should not be

recommended to all pregnant women.

Indomethacin, Vaginal Pessary, Folic Acid, and Omega-3 Fatty Acids

A number of other management strategies have been recommended to prevent PTB, although the
data in this regard are limited aadditional clinical trials with larger numbers are needed.
Indomethacin, for example, may confer some benefit in preventing PTB in soreskigh

women. In a clinical trial, indomethacin treatment of asymptomatic women with cervical
shortening in the secdrtrimester who declined cervical cerclage significantly reduced the rate

of spontaneous PTB before 24 weeks, although it did not change the overall rate of spontaneous
PTB before 35 week&S.Insertion of a vaginal pessary may be effective in preventing

spontaneous PTB in singleton pregnancies before 36 weeks and in twins before 32
weeksDietary manpulation has also been proposed as a way of preventing preterm birth in

both low and highrisk populations, including prepregnancy supplementation with folic

acid* and omegd fatty acid supplementation throughout pregnaficy.

A Management Algorithm for Women With Cervical Shortening

Existing data suggest that waiting for patients to present witpteyns of preterm labor (such

as regular uterine contractions and pelvic pressure) is a highly inaccurate and unreliable method
of identifying women at risk of PTB. Obstetric care providers should be focusing instead on
objective tests to identify women gk, including CL by TVS and cervicovaginal fFN. To assist

in this initiative, we have included 2 clinical algorithms: one for symptomatic worngme(9

and theother for highrisk asymptomatic women such as women with a prior spontaneous PTB
prior to 35 weeks or a multiple pregnaneig(re 9.
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Symptomatic
Women
|
Take fFN and do sterile
speculum exam (SSE) and
CL measurement
| 1
In SSE, bleeding or
ruptured membranes or CL =25 mm CL <25 mm
cervical dilatation = 3 am
| | |
Discard fFN and Discard fFN and
admit discharge Atng (N
|
Manage depending on
gestational age and
fFN results
Figure 4

Proposed clinical algorithm for the management of women with symptoms suggestive of
preterm labor. CL, cervical length; fFN, fetal fibronectin.

High-Risk Asymptomatic Women
(eg, prior spontaneous PTB or multiple pregnancy)

Check baseline CL at 16-18 weeks and then
serially until 30-32 weeks
1
| [

CL < 25 mm CL <15 mm
| [
Consider offering cerclage (7),
Check fFN after 22 weeks and bed rest and pelvic rest (?),
then serially until 34 weeks progesterone supplementation,*
and weekly to every 2 weeks follow-up

(—) fEN (+) FENT
| |
Consi_der empiric
Check fFN serially ageslypwie
medicine consult

Figure 5

Proposed clinical algorithm for the management of asymptomatic women at high risk for spontaneous preterm
birth. *Progesterone administration by intramuscular injectiof 17 alphahydroxyprogesterone caproate or
vaginal suppository between 16 to 24 weeks
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Conclusions

Both CL measurements and cervicovaginal fFN are objective and reliable screening tests to
identify women at risk of spontaneous PTB. Serial CL measemés on TVS from 16 weeks of
gestation to 30 to 32 weeks of gestation with or without fFN testing from 22 through 35 weeks in
women at high risk will help to individualize management, prevent unnecessary hospitalization
and obstetric intervention, and ingwe perinatal outcome by optimizing the timing of antenatal
steroid therapy and transfer to a tertiary care center. The combined use of CL and fFN is more
effective than reliance on any single test alone. In addition to optimizing perinatal outcome in
pregnancies destined to deliver preterm, recent data suggest that progesterone supplementation in
women with cervical shortening may be able to significantly delay delivery and prevent PTB in
some women.

Main Points

1 Elevated levels of fetal fibronectin (fFiN)the cervicovaginal discharge have been
shown to be a reliable predictor of subsequent preterm birth (PTB) in the setting of
intact membranes.

1 The gold standard for the measurement of cervical length (CL) in pregnancy is
transvaginal ultrasonography (TM&ing sterile technique; it is objective, reproducible,
and acceptable to patients.

1 Cervical length measurements and fFN measurements are independent risk factors for
PTB, and the risk of spontaneous PTB is higher if both fFN and CL tests are abnormal
than if only 1 is abnormal.

1 Bed rest and hydration are often recommended in an attempt to prevent PTB in women
at high risk, but there is no consistent evidence that they are able to delay delivery.

1 There is increasing evidence to suggest that progesterapplementation from 16 to
20 weeks of gestation through 34 to 36 weeks of gestation may prevent preterm birth in
some women at high risk due to prior spontaneous PTB or cervical shortening.

1 Obstetric care providers should focus on objective testslémtify women at risk of
PTB, including CL by TVS and cervicovaginal fFN.

Footnotes

Dr. Norwitz is a member of the Speakers Bureau for Hologic, Inc.
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