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Condensation: Vaginal progesterone administration to women with a short cervix after 24 weeks of gestation is associated with a reduction in the rate of preterm birth and NICU admission.

Implications and Contributions: 
Why was this study conducted?
To evaluate the role of vaginal progesterone in the prevention of preterm birth in women with a short cervix diagnosed after 24 weeks of gestation.
What are the key findings?
This study shows that administration of micronized vaginal progesterone to patients with sonographic short cervix diagnosed after 24 weeks of gestation, was associated with a lower rate of preterm delivery and NICU admission compared with patients who did not received progesterone.
What does this study add to what is already known?
A sonographic short cervix measured before 24 weeks of gestation is the most powerful method to predict preterm birth and for those patients vaginal progesterone treatment has been proven to reduce the rate of preterm birth. However, although short cervical length after 24 weeks is also considered strong predictor of preterm delivery, no study has tested the utility of vaginal progesterone as a preventative intervention for this population. Therefore, we performed a retrospective study to address this issue and found that administration of vaginal progesterone was associated with a reduction in the rate of preterm deliveries and the frequency of NICU admission. 

Short title of the paper: Vaginal progesterone for short cervix after 24 weeks of gestation

ABSTRACT
Objective – To determine if vaginal progesterone treatment to women with a short cervix (of 25 mm or less) diagnosed after 24 weeks of gestation reduces the rate of preterm birth and NICU admission.
Methods – a retrospective cohort study was performed, which included all women with singleton pregnancy and a short cervix, measured between 24+0 and 33+6 weeks of gestation. Women with a known short cervix diagnosed prior to 24 weeks gestation, progesterone treatment, cervical cerclage, or a pessary were excluded. Women who received daily vaginal micronized progesterone comprised the progesterone treatment group), and women with no progesterone treatment comprised the non-treatment group. The primary outcome was spontaneous preterm birth before 37 weeks of gestation, other outcomes of interest were spontaneous preterm birth before 34, 32 and 28 weeks, the diagnosis to delivery interval and admission to NICU. Proportions were compared using contingency tables and the interval to delivery using Cox proportional hazards models adjusting for clinical risk factors.
Results – The study population comprised 35.2% (186/528 women) who received progesterone treatment (progesterone treatment group), and 64.8% (342/528 women) who did not (no treatment group). Patients who received vaginal progesterone had a lower rate of preterm deliveries at less than 37 weeks than those who did not received treatment (20.4% [38/186] vs. 26.3% [90/342]; adjusted hazard ratio [aHR], 0.60; 95% confidence interval [CI], 0.40 to 0.89, p=0.011). Moreover, the rate of preterm deliveries at less than 34 weeks was also significantly different (4.3% [8/186] vs. 9.1% [31/342]; aHR 0.32; 95%CI, 0.14 to 0.73, p=0.006). Diagnosis to delivery interval was significantly greater in patients who received progesterone than in those who did not received progesterone (median time to delivery in weeks [interquartile range]: 8.2 [6.3-10.2] vs. 6.7 [5.0-9.1], (p<0.001)). After adjustment for maternal age, history of preterm births, cervical length, gestational age at diagnosis, and threatened labor, the diagnosis to delivery interval remains longer for patients who received vaginal progesterone. The frequency of NICU admission was significantly lower in patients who received progesterone than in those who did not received vaginal progesterone [8.1% [15/186] vs. 15.2 [52/342], [p=0.019]).
Conclusions - The administration of vaginal progesterone to patients with a short cervix diagnosed after 24 weeks of gestation was associated with a lower rate of premature birth at less than 34 and 37 weeks of gestation and a lower NICU admission rate.

INTRODUCTION
Preterm birth is the leading cause of perinatal mortality and morbidity worldwide [1][2] and the leading cause of infant death before the age of five [3][4]. Moreover, preterm birth is now recognized as a major cause for long-term morbidity in adult life. Therefore, preventing preterm birth is a major healthcare priority [1][5][6][7][8][9][10][11]. The prediction and prevention of preterm birth has been an important challenge, and a sonographic short cervix is the most powerful method to predict preterm birth [12][13][14]. Vaginal progesterone reduces the rate of preterm birth in women who have short cervix, and is effective in those with and without a history of preterm birth [15][16][17][18][19][20][21]. Cervical cerclage is also effective in the subgroup of patients with a short cervix and a prior history of preterm birth [22][23][24]. A cervical pessary has also been proposed to meet intervention and this is a subject of ongoing investigation [25][26][27][28][29].
Most randomized clinical trials that examined the efficacy of interventions to reduce the rate of preterm birth, has focused on patients diagnosed with short cervix before 24 weeks of gestation. Only a few studies had focused on short cervical length after 24 weeks of gestation [13][30][31][32][33][34][35][36][37][38]. 
This study was conducted to determine whether the administration of vaginal progesterone to women with short cervix diagnosed after 24 weeks of gestation is associated with a reduction in preterm birth rates and a lower NICU admission.

METHODS
Study Design and participants
This was a retrospective cohort study which included women with a singleton gestation diagnosed with a cervical length of 25 mm or less between 24+0 and 33+6 weeks of pregnancy at Hadassah medical center between March 2010 and January 2017. Maternal and neonatal clinical and demographic parameters were compared between women who received progesterone treatment (i.e., progesterone treatment group) and women with no progesterone treatment (i.e., no treatment group). This study was approved by the Institutional Review Board (0446-20-HMO).
Data were collected from the electronic medical record of all women who presented to the ultrasound unit of two tertiary referral centers between March 2010 and January 2017 and had cervical length assessment between 24+0 and 33+6 weeks of gestation. Gestational age was confirmed by menstrual history or fetal biometry in the first trimester. Cervical length measurements were performed according to the Cervical Length Education and Review (CLEAR) program [39] as previously described [40]. Briefly, cervical length was measured by one of six experienced sonographers (all with experience > 10 years) in patients with an empty bladder in the dorsal lithotomy position. A vaginal probe was placed in the anterior fornix. After ensuring visualization of the internal os, external os, and the entire length of the cervical canal calipers were placed between both ora, and the shortest best measurement was recorded. The ultrasound equipment used consisted were Voluson 730 Expert, E6, E8, E10 (GE Healthcare, Zipf, Austria) and Samsung Accuvix A30 (Samsung Co, Ltd, Seoul, Korea) equipped with vaginal probes were used for cervical length measurement.
Patients were excluded if met any of the following criteria: multiple gestations, major fetal or uterine anomalies, history of conization, short cervix diagnosed earlier in the index pregnancy, or previous interventional treatment for preterm birth prevention (progestogen treatment, cervical cerclage, or pessary) in the current pregnancy. Patients were also excluded if had a medically-indicated (iatrogenic) preterm birth, incomplete outcome data, or delivered within one day from diagnosis. Women with preterm premature rupture of membranes (PPROM) were routinely induces after 34 weeks of gestation and therefore were analyzed separately.
The decision to prescribe vaginal progesterone was made by the attending physician, initiated at diagnosis, and continued until 36+6 weeks or until delivery if preterm birth occurred. Although there is no formal recommendation for progesterone treatment for women with short cervix diagnosed after 24 weeks, based on the beneficial effect of progesterone in women with short cervix diagnosed in mid-trimester, some physicians choose to provide treatment for this population as well. Those women were instructed to use a vaginal suppository of micronized progesterone (commercial name: Utrogestan 200 mg capsules, CTS LTD) every night before bedtime. Drug name, dose, and rout of administration in the progesterone treatment group were similar, and patients with a different dosage or route of administration were excluded.
Outcomes
The primary outcome measure was spontaneous delivery before 37 completed weeks of gestation. The secondary maternal outcome measures were spontaneous delivery before 34, 32, and 28 weeks of pregnancy, diagnosis to delivery interval, gestational age at delivery, tocolytic therapy and antepartum corticosteroid administration, mode of delivery and length of hospitalization. The secondary neonatal outcomes measured included neonatal birthweight, Apgar score at 5 minutes, admission into neonatal intensive care units (NICU), and severe prematurity morbidity including respiratory distress syndrome (RDS), bronchopulmonary dysplasia (BPD), intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL), necrotizing enterocolitis (NEC), neonatal sepsis and perinatal mortality.
Statistical analysis
We based our sample size calculation on the primary outcome (preterm birth before 37 weeks). The sample size was based on the expected difference in preterm birth incidence between the study groups. For the assumption that the primary outcome in the non-treatment group is 20% [35], the ratio between the progesterone treatment and the no-treatment group would be 1:2, with power of 80% and a significance level of 5% (two-sided hypothesis), any difference of 10% or more between the groups would detect a statistically significant difference. A sample size of 155 women in the progesterone treatment group and 310 women in the non-treatment group was calculated. 
Differences in continuous variables among the groups were analyzed by the independent samples t-test or a non-parametric Mann-Whitney test. Differences in categorical variables were analyzed via the χ2 or Fisher's exact test. A two-sided P<0.05 was considered statistically significant. The diagnosis to delivery interval was assessed using Kaplan-Meier plot, where days from diagnosis until delivery was the time scale, and spontaneous delivery was the event. Cox proportional-hazards model with a formal test of the proportional-hazards assumption were used to adjust the risk factors and the calculations of Hazard Ratios (HR). Cox proportional hazards regression analysis was used to test the association of vaginal progesterone treatment on the diagnosis to delivery interval, adjusting for maternal age, history of preterm births, cervical length, gestational age at diagnosis, and threatened labor.

RESULTS
During the study period there were 3,871 women who presented to our institution and underwent cervical assessment between 24+0 and 33+6 weeks of gestation. Of those, 643/3,871 (16.6%) women had a cervical length of 25 mm or less. One hundred and fifteen women were excluded according to the previously determined exclusion criteria. Finally, there were 528 women diagnosed with a cervical length of 25 mm or less and included in the final analysis of this study. Of those, 186/528 (35.2%) women received progesterone treatment (progesterone treatment group), whereas 342/528 (64.8%) women did not receive progesterone (no treatment group), as shown in Figure 1.
Cervical length measurements were performed in 70.3% (374/528) due to the presence of symptoms related to an episode of threatened labor (i.e., irregular uterine contractions, cramping, lower backache, or vaginal bleeding). In the remaining 29.7% (154/528), measurement was performed as part of a high-risk pregnancy assessment in patients referred for other reasons (e.g., pyelonephritis, gastroenteritis, cholestasis of pregnancy, trauma, hypertension in pregnancy, etc.).
Baseline characteristics of the study population are presented in Table 1. The mean gestational age at diagnosis in the progesterone group was 29.6 ± 2.7 weeks in the progesterone treatment group and 30.9 ± 2.3 weeks in the non-treatment group (p<0.001). The distribution of gestational age at diagnosis for the two study groups is showed in Figure 2 (p<0.001).
There was a statistically significant difference in baseline cervical length between the groups. The mean cervical length was 18.8 ± 4.8 mm in the progesterone treatment group versus 20.6 ± 4.2 mm in the non-treatment group (p<0.001). Additionally, the rate of extreme short cervix (less or equal to 15 millimeters), was 22.0% (41/186) in the progesterone group compared with 12.8% (44/342) in the non-treatment group (p=0.004).
Progesterone treatment was associated with a lower rate of preterm delivery before 34 weeks (4.3% [8/186] and 9.1% [31/342] in the progesterone treatment group and in the no-treatment group, respectively) and before 37 weeks (20.4% [38/186] and 26.3% [90/342] in the progesterone treatment group and in the no-treatment group, respectively). Additionally, the rate of preterm birth prior to 32 and 28 weeks was lower in the progesterone treatment group, as presented in Figure 3.
The diagnosis to delivery interval in the study groups were assessed using Kaplan–Meier survival plot (Figure 4). The cumulative percentage of women who did not deliver spontaneously before 34 and 37 weeks was significantly higher in the progesterone treatment group than in the non-treatment group. Micronized vaginal progesterone administration was associated with a reduced  risk of spontaneous delivery before 34 weeks with HR 0.44; 95%CI 0.20-0.96; p=0.03; and before 37 weeks with HR 0.65; 95%CI 0.45 to 0.96, p=0.03.
Multivariable analysis for survivor shows that the interval to delivery was longer among women treated with vaginal progesterone than in patients who didn’t received treatment after adjustment for maternal age, history of preterm births, cervical length, gestational age at diagnosis, and an episode of threatened labor (Tables 2 and 3). Progesterone was associated with a reduction risk of spontaneous delivery before 34 weeks with aHR 0.32 [95%CI 0.14-0.73] (p=0.01), and before 37 weeks with aHR 0.60 [95%CI 0.40-0.89] (p=0.01). 
There were only 2 patients diagnosed with short cervix after 24 weeks that later developed PPROM. Both of them did not received progesterone and both underwent induction of labor due to PPROM.
Maternal and neonatal outcomes are presented in Table 4. The rate of NICU admission was significantly lower among patients with progesterone treatment than in those without treatment (8.1% [15/186] vs. 15.2% [52/342], p=0.02), and the length of neonatal hospitalization stay was shorter in the progesterone group than in the non-treatment group (5.6 vs. 7.9 days, p=0.01).
The overall rate of al least one complications of prematurity were lower in those who received progesterone than in those who did not received treatment, but it did not reached statistical significant (2.1% [4/186] vs. 3.8% [13/348], p=0.31), see table 4.

COMMENT
Principal findings
For patients with a sonographic cervical length below 25 mm diagnosed after 24 weeks of gestation, administration of vaginal progesterone was associated with a lower rate of preterm delivery and NICU admission, than no treatment.

Clinical meaning of the findings
Cervical assessment before 24 weeks of gestation has gain increasing acceptance in clinical practice because of the availability of the intervention and the reducibility of preterm delivery, and this has been proven to be cost-effective and to be successful when implemented in practice. Nonetheless, an important question that remain, is the optimal management of patients undiagnosed to have a short cervix until after 24 weeks of gestation [41]. At present, no randomised clinical trial using vaginal progesterone had been conducted in these patients. Therefore, as a first step to address this question, we performed a retrospective study as physicians may select to use vaginal progesterone, even though in the absence of definite clinical evidence at this intervention in such patients. This study presents the outcomes of examining this intervention in the “real world”. There is no a prior  reason to believe that vaginal progesterone would be effective only before 24 weeks of gestation. The data that is available in retrospective studied in that gestational age designed for randomized clinical trial. Nonetheless, that is not how medicine in biology behave, and patients may have a short cervix diagnosed after 24 weeks of gestation and physicians in clinical practice may choose to use vaginal progesterone or not, depending on their preferences and beliefs. In this study we found that vaginal progesterone reduced the rate of preterm deliveries at less than 37 and 34 weeks of gestation, increased diagnosis to delivery interval, and the frequency of NICU admission. These are the same outcomes of previous studies evaluated vaginal progesterone administration before 24 weeks of gestation. 
The magnitude of the reduction of preterm birth was lower than data that has been reported in randomized clinical trials evaluated vaginal progesterone treatment before 24 weeks of gestation, such as the PREGNANT trial [18]. Maybe, in cases with late administration of vaginal progesterone for shore cervix, the efficacy is lower.
The patients who were treated with progesterone were more likely to have a history of preterm birth, a shorter cervical length,  and present earlier in pregnancy. Despite the higher risk for preterm birth in the progesterone treatment group (derived from the aforementioned above risk factors), the prevalence of preterm birth in this group was lower before 28, 32, 34, and 37 weeks of gestation. When testing the Cox proportional hazard, thereby considering the gestational age at presentation, and adjusting for maternal age, cervical length, gestational age at the diagnosis, threatened labor, and a history of preterm birth, the progesterone treatment group showed a decreased preterm birth rate both before 34 weeks and 37 weeks with a adjusted hazard ratio of 0.32 [0.14-0.73] (p=0.006) and 0.60 [0.40-0.89] (p=0.011), respectively. The fact that the study group showed improved outcomes with progesterone despite having more risk factors further highlights this treatment’s potential efficacy. 
Regarding neonatal outcome, the study group showed a statistically significant reduction in the NICU admission rate and a trend towards reducing the rate of all prematurity complications evaluated. This improved outcome could be attributed primarily to the reduction of the preterm birth rate. Another factor that might have impacted the neonatal outcomes is the increased antenatal steroid administration rate in this group.
Progesterone therapy for a short cervical length diagnosed between 18-24 weeks of gestation is an effective intervention that significantly reduces the preterm delivery rate in both low-risk and high-risk singleton pregnancies [17][18][42][43]. Current practice guidelines advocate cervical length screening at this period of pregnancy for high-risk patients [14][44][45], and progesterone therapy initiation if the cervix is considered short.  However, although short cervical length after 24 weeks is also strong predictor of preterm delivery, to the best of our knowledge, no study has tested the utility of vaginal progesterone as a preventative intervention for women with short cervical length diagnosed after 24 weeks  [30][32][34][35][46][47][48][49][50][51][52][53].
Cervical length normally decreases along with advancing gestation, as demonstrated by several nomograms [54][55][56][57][58][59]. Despite that, we chose a uniform cut-off of 25 mm for all gestational ages to simplify the analysis. This cut-off represents approximately the 5th percentile at 24 weeks to slightly over 10th percentile at 33 weeks [60]. We are aware that a fixed cut-off of 25 mm may lose its clinical significance over gestational duration, however, despite decreasing significance, the predictive accuracy for spontaneous preterm birth increases slightly with advancing gestational age [60][61].
Preterm birth is a syndrome with multiple etiologies. This process potentially starts at any stage during pregnancy and progresses at any rate. Thus, considering the clinical phenomenon of short cervix as an on/off phenomenon by applying arbitrary cut-offs for gestational age at which cervical length is measured and for the minimum cervical length required to identify a short cervix is somewhat artificial (yet necessary). It is reasonable to think that preterm cervical shortening can be a slower-than-usual process or become clinically relevant only later than usual. If that is the case, a portion of patients will ‘escape’, discovering their risk for preterm birth when screening is limited only to the 18-24 weeks interval. Nevertheless, progesterone treatment could still halt the process or slow down its dynamics.

Strengths and limitations
Our study has a number of strengths.  First, it includes a relatively large cohort of patients.  Strict inclusion and exclusion criteria were applied to refine the study population for only those who may potentially benefit from progestational therapy and to exclude those receiving other treatments meant to prevent preterm birth. 
This study has several limitations. The retrospective nature of this study makes both groups prone to selection bias. There were no clear criteria for the initiation of progesterone treatment in this population. Thus, the decision whether to treat or not was left to the discretion of the attending obstetrician. This could also be another source of bias, and it indeed looks like one given the higher prevalence of previous preterm birth, earlier gestational age at diagnosis and shorter cervical length in the progesterone group. Despite this potential bias, preterm birth rate was lower in the progesterone group, which strengthen this study’s conclusion and not weaken it. 
The patients who received progesterone were the patient who has a shorter cervix, a history of preterm birth and XXX. One would expect that the outcomes will be worst, yet the outcomes were better than the non-treatment group.

Conclusion
This study suggests that progesterone treatment is effective and safe in preventing preterm birth in women with a short cervix between 24 and 34 weeks. The study population emerges as a high-risk population with over 24% of preterm births in the current pregnancy, 19.5% of women with a history of prior preterm birth, and >70% of threatened labor. Thus, the generalizability of the conclusions to low-risk populations is still questionable. Therefore, the authors believe that based on these findings, mass cervical length screening after 24 weeks for a low-risk population is not justified.
We call for a randomized controlled multicenter trial to confirm or reject this conclusion and test its validity in other populations and settings. The question of the potential benefit of population screening is beyond the scope of this study; however, if our findings are found to be reproducible, this question will have to be addressed.
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