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Abstract

OBJECTIVE: To assess a continuum of cervical length (CL) cutoffs for ultrasound-indicated
cerclage efficacy in women with prior spontaneous preterm birth (PTB).

METHODS: Planned secondary analysis of the NICHD-sponsored vaginal ultrasound cerclage
trial. Cerclage efficacy for preventing recurrent PTB at <35, <32 and <24 wks gestation (GA) was
assessed using multivariable logistic regression. Odds ratios (ORs) and confidence intervals (Cls)
were estimated for a range of CL cutoffs using bootstrap regression. The 2.5" and 97.5t
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CONDENSATION: Ultrasound-indicated cerclage effectively reduces recurrent preterm birth <35, <32 and <24 weeks over a wide
range of shortened cervical length action points.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

SZYCHOWSKI et al. Page 2

percentiles of bootstrapped ORs determined the Cls. Results are illustrated with smoothed curves
superimposed on the estimated ORs by CL cutoff.

RESULTS: Of 301 women with CL <25mm, 142 underwent ultrasound-indicated cerclage and
159 did not. Few cases of CL <10mm limited evaluation to CL cutoffs between <10 and <25mm.
For the PTB <35 wks endpoint, statistically significant lower odds of PTB for CLs <25 mm are
demonstrated and efficacy was maintained for smaller CL cutoffs. Results were similar for PTB
<32 wks. For the PTB <24 wks endpoint, results differed, demonstrating that for CL cutoffs
between <10 and <15mm, the ORs increased toward unity (no benefit) with wide Cls, attributed to
few births <24 wks.

CONCLUSION: Ultrasound-indicated cerclage efficacy in women with prior spontaneous PTB
varies by CL action point cutoff and by PTB GA endpoint. Cerclage significantly reduces PTB
<35 and <32 wks at CL cutoffs between <10mm and <25mm, reducing most for shorter CL’s and
affirming that women with prior spontaneous PTB and shortened CL are appropriate candidates
for ultrasound-indicated cerclage.

Keywords
cerclage; cervical length; preterm birth prediction; vaginal sonography

INTRODUCTION

Shortened cervical length (CL) is one of the most powerful biologic markers of preterm birth
(PTB)L. It is most predictive when used in selected populations of high-risk gravidas,
especially women with prior spontaneous PTB2. As previously demonstrated, CLs >25mm
have a relatively stable and generally poor predictive value for PTB, even in high-risk
women3. However, there is a very strong, inverse relationship between CLs <25mm and the
risk of PTBZ.

Given the continuum of increasing PTB risk as the CL shortens, clinicians and investigators
have debated the “optimal” CL cutoff to recommend interventions (e.g., cerclage,
progesterone). Both <15mm*> and <25mm®7 have been utilized as action point CL cutoffs
in randomized trials of cervical cerclage, a relatively expensive surgical intervention with
known risks. The present analysis examines the efficacy of ultrasound-indicated cerclage for
preventing PTB in high-risk women, where we consider action points along a continuum of
CL cutoffs < 25mm, identified at mid-trimester ultrasound. We use data from a multicenter
randomized clinical trial of ultrasound-indicated cerclage for the prevention of preterm birth
in high-risk women. In the parent trial a significant benefit from cerclage placement was
found in a predetermined stratified analysis of women with CL<15mm at randomization. A
15mm action point was selected primarily because this had been used in related intervention
trials but without a recognized well-defined biologic justification. In this analysis, we more
thoroughly examine cerclage efficacy along the continuum of cervical lengths observed at
the time of randomization to cerclage or no cerclage.
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METHODS

This is a planned secondary analysis of the multicenter randomized clinical trial sponsored
by the Eunice Kennedy Shriver National Institute of Child Health and Human Development
performed to investigate whether ultrasound-indicated cerclage can prevent recurrent PTB <
35 weeks in high-risk women. The trial protocol and primary results are summarized
elsewhere’. Briefly, healthy multiparous women with singleton gestations and at least one
prior spontaneous PTB between 17 and 33 6/7 weeks were screened for shortened
CL<25mm between 16 0/7 and 22 6/7 weeks. Sonographic screening was scheduled every 2
weeks unless the measured CL was observed to be 25-29mm, at which point screening was
scheduled weekly. Women with CL <25mm at any visit scheduled prior to 22 6/7 weeks
were eligible for randomization. Exclusion criteria included fetal anomaly, planned history-
indicated cerclage for a clinical diagnosis of cervical insufficiency, and maternal-fetal
complications (e.g., treated chronic hypertension) that might elevate the risk of an indicated
preterm birth. Between January 2003 to February 2007, 302 women at 15 U.S. clinical sites
were randomized to receive McDonald cerclage or no cerclage. Gestational age (GA) at
delivery was available for 301 women. Each center obtained institutional review board
approval.

Preterm birth at <35, <32, and <24 weeks were the primary outcomes of interest. The
efficacy of cerclage for the prevention of each primary study endpoint was investigated with
logistic regression models where ultrasound-indicated cerclage placement, regardless of
randomization assignment, was designated as the primary independent variable. Participants
who received cerclage as per randomization assignment and crossover participants who
received an ultrasound-indicated cerclage while randomized to the no-cerclage group were
classified as receiving ultrasound-indicated cerclage. Participants who did not receive an
ultrasound-indicated cerclage, regardless of randomization assignment, were defined as the
no ultrasound-indicated cerclage group. The odds ratios for preterm birth in the ultrasound-
indicated cerclage placement vs. no ultrasound-indicated cerclage placement groups were
estimated and recorded. All women with known GA at delivery and cervical length <25mm
at randomization were included in the data analyses. The statistical analyses were repeated
for subsets of the study participants, where the sample was restricted to women with shorter
CL’s (cutoffs) at randomization. That is, the odds of cerclage efficacy were estimated for
women whose CL at randomization was <25mm, for those with CL<24mm, for those with
CL <23mm, etc.

In a prior investigation, Mancuso et al® identified a significant effect of both gestational age
(GA) at randomization and the presence of a U-shaped funnel on cerclage efficacy. Hence,
these characteristics were included as covariates in the statistical analyses described below.
Additional participant characteristics were examined between patients who did and did not
receive ultrasound-indicated cerclage.

For each subset of women included at each CL cutoff evaluated, we estimated 95%
confidence interval (CI) bounds for the cerclage benefit by bootstrapping methods®. Briefly,
a series of 300 new bootstrap analysis datasets (resamples) were created by complete case
sampling, with replacement, from the data in the subset. By using complete case sampling,
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all patient data were retained in the resampling procedure. The sample size of each bootstrap
resample was equal to the sample size of the subset and the numbers of women with and
without ultrasound-indicated cerclage were the same in both the resample and the subset.
Logistic regression, including the cerclage main effect and two covariates, was used to
obtain an estimate of the adjusted odds ratio (OR) for each of the 300 new analysis datasets
for each CL cutoff. The bootstrap 95% CI was selected as the lower 2.5t percentile and
upper 97.5™ percentile from the distribution of OR’s. This procedure was repeated for each
subset of women where the CL cutoff of interest was systematically decreased from a
starting point of <25 mm. Smoothed regression curves were superimposed on the OR point
estimates to create the plots of the OR’s and CI’s derived at each cervical length cutoff. In
the presence of sparse data as observed in this analysis, bootstrap regression allowed for
estimating the variability in ORs for ultrasound-indicated efficacy and determining the 95%
Cls.

All tests of significance were two-sided and evaluated at a 0.05 level of significance. SAS
version 9.2 (SAS Institute Inc, Cary, NC) was used for all statistical analyses.

For this analysis, 301 women with CL <25 mm and available GA at delivery were included:
142 women who underwent ultrasound-indicated cerclage and 159 women who did not.
Participant characteristics are presented in Table 1.

Crude rates of PTB <35 weeks and <24 weeks are presented in Table 2 and the adjusted ORs
for the efficacy of ultrasound-indicated cerclage vs no ultrasound-indicated cerclage are
shown in Figure 1. Figure 1 illustrates the efficacy of ultrasound-indicated cerclage (ORs <
1) for shorter CL cutoffs. The upper 95% Cls indicate a statistically significant lower odds
of PTB for CL’s <25mm; however, too few cases of CL <10mm limited the analysis of
cerclage efficacy as statistical modeling became unstable. Similar results are seen for the
outcome of PTB<32 weeks (Figure 2), with the exception of CL <10mm where the upper
bound of the 95% CI exceeds 1.0.

The predicted effect of varying CL cutoffs on cerclage benefit for PTB <24 weeks (raw rates
in Table 2, adjusted odds ratios in Figure 3) differed as compared to the later PTB endpoints.
For CL cutoffs <15 mm, the ORs increased toward unity. Conversely, the upper Cls for most
CL cutoffs above 15 mm did not include 1, but Cls were generally wider in the <24 week
plot than in the <35 and <32 week plots because of fewer <24 week births.

DISCUSSION

The present analysis indicates that ultrasound-indicated cerclage efficacy for preventing
recurrent PTB in a population of high-risk women varies both by the chosen CL cutoff and
further by the PTB GA endpoint of interest. For PTB endpoints <32 and <35 weeks,
cerclage efficacy is demonstrated for shorter CL cutoffs (95% CI completely below 1.0).
There further appears to be a trend of declining adjusted OR’s for shorter CL cutoffs.
However, at a PTB endpoint of <24 weeks, cerclage efficacy remains relatively constant
down to a CL cutoff of <15mm, after which it appears to lose some efficacy (increasing odds
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ratios). The actual numbers of births <24 weeks were low in this study, and led to wide 95%
confidence intervals, particularly below the <15mm cutoff. Thus, results in this range should
be interpreted cautiously, and more investigation is needed to better understand the effect of
cerclage for the prevention of PTB <24 weeks at CL cutoffs below 15 mm. Indeed, there are
limited data examining efficacy of PTB interventions at CL cutoffs <10mm given low
enrollment numbers in this range or because of planned study exclusion criteria’. Further
investigation of treatment efficacy for the prevention of PTB <24 weeks at very short CL
cutoffs (<10 mm) may be warranted. Given the rarity of the <24 week birth outcome and
ultrasound-documented midtrimester CL<10mm in these high-risk women, the sample size
and the number needed to screen for such a randomized clinical trial might be prohibitive.
Nevertheless, we are reassured that cerclage has proven efficacy even at CLs of “zero”, as
would be observed in cases of acute cervical insufficiency?. It is also important to realize
that regardless of the chosen CL cutoff action point, the population will include some
women with very shortened CLs.

This study is limited by the available data with low rates of preterm birth, particularly at
very short randomization CL’s and few births <24 weeks. As a result, bootstrap regression
was employed to estimate the distribution of OR’s for PTB and determine the 95% CI’s. In
general, however, bootstrapping methods are not considered to be a foolproof solution to the
small sample size problem. As a method that resamples from a single sample, bootstrapping
relies on strong assumptions that the original sample is representative of the true population
under study and that the bootstrap resamples are selected in a truly random manner. If these
assumptions are not met, then one may obtain unreliable results. While our programs used
random resampling procedures, we depend on the assumption that the original sample is
representative of women with a shortened CL and prior preterm birth <35 wks. As our
subset samples become progressively smaller for shorter CL cutoffs, this assumption may be
less tenable. The low numbers also limited our ability to adjust for multiple covariates in
logistic regression models, and as a result other potentially important covariates such as the
intent to use (or the actual use of) progesterone’1112 or the rate of cervical shortening were
not included in our models. Since progesterone was not systematically prescribed in the
parent trial, dosing, methods of administration and uptake varied, and assessing the
contribution of progesterone to cerclage efficacy is not straightforward. Despite these
possible limitations, cerclage for recurrent PTB prevention is efficacious over a range of
shortened CL cutoffs from <10mm to <25mm and PTB endpoints. That the effect of
ultrasound-indicated cerclage appeared to diminish for preventing PTB <24 weeks at shorter
CL cutoffs was unexpected and cannot be easily explained, but may be related to statistical
uncertainty from the diminishing sample of women who experienced these early births.
Alternatively it may identify a subset of women, some of whom are experiencing very early
onset of parturition and in whom cerclage may not be beneficial or possibly even harmful.13

Although we were unable to identify a single “best” or “optimal” CL cutoff for ultrasound-
indicated cerclage in high-risk women, this study affirms prior reports that cerclage is
beneficial for women with prior spontaneous PTB and shortened CL<25mm at 16—-24 wks
gestation and further illustrates greater efficacy for preventing preterm birth <32 and <35
weeks across increasingly shorter CL cutoffs.
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Figure 1. Preterm delivery <35 weeks
Estimated odds ratios and 95% bootstrap confidence intervals for preterm birth <35 weeks

for patients receiving cerclage vs no cerclage. Odds ratios <1 indicate lower risk of preterm
birth for patients receiving cerclage.
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Figure 2. Preterm delivery <32 weeks
Estimated odds ratios and 95% bootstrap confidence intervals for preterm birth <32 weeks

for patients receiving cerclage vs no cerclage. Odds ratios <1 indicate lower risk of preterm
birth for patients receiving cerclage.
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Figure 3. Preterm delivery <24 weeks
Estimated odds ratios and 95% bootstrap confidence intervals for preterm birth <24 weeks

for patients receiving cerclage vs no cerclage. Odds ratios <1 indicate lower risk of preterm
birth for patients receiving cerclage.
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Table 1.

Patient Characteristics by Ultrasound-Indicated Cerclage Placement

Characteristic Cerclage (n=142) | NoCerclage(n=159) | P
Years of age (mean + sd) 26455 265+5.1 091
Race/ethnicity - n (%) 0.26

Black (non-Hispanic) 74 (52%) 99 (62%)

White (non-Hispanic) 26 (18%) 27 (17%)

Hispanic 26 (18%) 18 (11%)

Asian 0 (0%) 1 (1%)

Other 16 (11%) 14 (9%)
Pre-pregnancy BMI (mean + sd) 29.8+8.2 29.4+7.2 0.64
Years of education (mean + sd) 12.0+28 11.9+24 0.89
Cigarette use - n (%) 23 (16%) 31 (20%) 0.46
Any drug use - n (%) 5 (4%) 10 (6%) 0.27
One or more prior induced abortion - n (%) 24 (17%) 26 (16%) 0.90
Gestational age (wks) at randomization (mean £sd) | 19.3+1.9 19520 0.41
Cervical length (mm) at randomization (mean £ sd) | 18.4+6.3 19.7+5.3 0.05
U funnel - n (%) 28 (20%) 20 (13%) 0.09
Intent to use progesterone — n (%) * 54 (40%) 63 (41%) 0.87

*
10 participants were randomized prior to adding this stratum to the study (6 received ultrasound-indicated cerclage; 4 did not).
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Crude Rates of Preterm Birth by Ultrasound-Indicated Cerclage Group

Table 2.

Cervical Length Preterm Birth <35 wks Preterm Birth <24 wks
Cerclage No Cerclage Cerclage No Cerclage
<25mm 45/142 (32%) | 67/159 (42%) 8/142 (6%) | 22/159 (14%)
<24mm 36/117 (31%) | 55/121 (45%) 8/117 (7%) | 19/121 (16%)
<23mm 34/100 (34%) | 48/93 (52%) 8/100 (8%) | 17/93 (18%)
<22mm 29/83 (35%) | 44/81 (54%) 6/83 (7%) | 14/81 (17%)
<21mm 25/71 (35%) | 38/67 (57%) 6/71 (8%) | 12/67 (18%)
<20mm 24161 (39%) | 37/58 (64%) 6/61 (10%) | 12/58 (21%)
<19mm 22/50 (44%) | 35/53 (66%) 6/50 (12%) | 12/53 (23%)
<18mm 20/46 (43%) 29/42 (69%) 6/46 (13%) | 11/42 (26%)
<17mm 17/42 (40%) | 26/37 (70%) 5/42 (12%) | 11/37 (30%)
<16mm 16/39 (41%) | 20/29 (69%) 5/39 (13%) | 9/29 (31%)
<15mm 13/36 (36%) | 20/28 (71%) 5/36 (14%) | 9/28 (32%)
<14mm 12/30 (40%) | 18/26 (69%) 5/30 (17%) | 8/26 (31%)
<13mm 12/29 (41%) | 16/23 (70%) 5/29 (17%) | 7/23 (30%)
<12mm 11/23 (48%) | 16/20 (80%) 4/23 (17%) | 7/20 (35%)
<11mm 8/17 (47%) 14/16 (88%) 4/17 (24%) | 5/16 (31%)
<10mm 8/16 (50%) 13/14 (93%) 4/16 (25%) | 5/14 (36%)
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