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A B S T R A C T   

Introduction: We aimed to identify the incidence and risk factors of spontaneous preterm birth in pessary carriers 
with singleton pregnancies and a short cervix in the mid-trimester of pregnancy. 
Material and Methods: Patient data were obtained from the PECEP Trial. We analyzed singleton pregnancies in 
pessary carriers with a short cervix (≤25 mm) between 18 and 22 gestational weeks. Demographics and obstetric 
history were compared to identify risk factors for spontaneous preterm birth < 34 gestational weeks. Each de-
mographic and obstetric variable was compared between spontaneous preterm birth < 34 and ≥ 34 weeks of 
gestation. 
Regression analysis was used to identify risk factors. A risk score model was generated using the odds ratio for 
significant factors. The risk score model and spontaneous preterm birth risk were assessed using the receiver 
operating characteristic curve. Perinatal outcomes were compared by risk score. 
Results: Among 190 pregnant individuals, 12 (6.3%) had spontaneous preterm birth < 34 gestational weeks. In 
the bivariate analysis, statistically significant differences between those with and without spontaneous preterm 
birth were only observed for mean cervical length at diagnosis and mean cervical length after pessary placement. 
By multiple logistic regression analysis, maternal age (OR 0.818; 95% CI 0.69–0.97; P 0.020), cervical length at 
diagnosis (OR 0.560; 95% CI 0.43–0.73; P < 0.001) and smoking status (OR 7.276; 95% CI 1.02–51.80; P 0.048) 
remained significantly associated with spontaneous preterm birth. 
The ROC curve from the multiple logistic regression analysis, including cervical length, maternal age and 
smoking status, had an area under the curve (AUC) of 0.952 (P < 0.001). The ROC curve for the risk score model 
incorporating all three variables had an AUC of 0.864 (95% CI 0.77–0.96; P < 0.001). A high-risk score was 
predictive of spontaneous preterm birth with a sensitivity of 75%, specificity of 84%, positive predictive value of 
24%, and negative predictive value of 98%. 
Women with a high-risk score had a significantly reduced latency to delivery and poorer neonatal outcomes than 
those with a low-risk score. 
Conclusions: Patients at a high risk for spontaneous preterm birth despite pessary therapy may be identified using 
cervical length at diagnosis added to maternal age and smoking status.   

Abbreviations: sPTB, spontaneous preterm birth; CL, cervical length; OR, odds ratio; AUC, the area under the curve. 
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Key message 

Our trial found that pregnant women at a high risk for sPTB despite 
pessary intervention might be identified using cervical length at the time 
of diagnosing a short cervix. 

This prediction may be enhanced by adding maternal age and to-
bacco use. 

Introduction 

Spontaneous preterm birth (sPTB) is the most common cause 
worldwide of perinatal morbidity and mortality, accounting for 70% of 
perinatal mortality and 50% of long-term neurodevelopmental disabil-
ities. [1]. 

Spontaneous preterm birth is a syndrome caused by multiple path-
ological processes, such as intraamniotic infection, vascular disorders, 
decidual senescence, uterine over-distension, cervical disease, decline in 
progesterone action, maternal stress. [2,3] Known risk factors for sPTB 
include demographics (maternal age, body mass index, ethnicity, 
smoking status) [4], history of preterm birth [5], previous late miscar-
riage, previous cervical excisional surgery, [6] genetic factors, [7] and a 
transvaginal ultrasonographic short cervix. [8] An cervical length (CL) 
below 25 mm is the most accurate predictor of sPTB. [9]. 

The pessary modifies uterocervical angulation and increases CL and 
cervical consistency. [10] In some studies, the pessary has been a 
valuable intervention for preventing preterm birth in high-risk pop-
ulations. [11–14] However, this evidence has not been proven in other 
studies due to [15–18] heterogeneity in the inclusion criteria, such as 
gestational weeks at diagnosis. Additionally, some of these studies 
report a high withdrawal rate during follow-up. Furthermore, some of 
the studies specified whether there was prior training for pessary 
placement. [19]. 

The aim of this study was to identify the risk factors of sPTB (<34 
gestational weeks) in pessary carriers with singleton pregnancies and 
asymptomatic short CL (<25 mm) at the second trimester so as to 
identify prognostic factors of pessary use. 

Materials and methods 

Patient data was obtained from the PECEP trial, a prospective, open- 
label, randomized trial which included singleton pregnancies undergo-
ing the routine second-trimester ultrasonography at 18–22 gestational 
weeks, with a cervical length ≤ 25 mm and carrying a pessary. 

Demographics, obstetric history and ultrasound characteristics were 
compared to identify risk factors for sPTB < 34 gestational weeks. Each 
demographic, obstetric or ultrasonographic variable was compared be-
tween sPTB < 34 and ≥ 34 gestational weeks. 

Continuous variables were compared using the t-Student’s test, and 
categorical variables were compared using the chi-square or Fisher’s 
exact test, as appropriate. Multiple logistic regression analysis was used 
to identify predictive factors for sPTB with p < 0.05. A weighted risk 
score model was developed using the odds ratio (OR) from the multiple 
logistic regression. The discrimination ability of the risk model and the 
constructed scale was assessed using the ROC curves and their areas 
under the curve (AUC). 

An optimal cut-off point for sensitivity, specificity and predictive 
values was proposed. Kaplan Meier analysis was used to assess latency to 
delivery, and log-rank test was used to compare the curves. Perinatal 
outcomes were compared using the risk score model. A value of p < 0.05 
was considered statistically significant. The SPSS v26 software was used 
for statistical analysis. 

Ethics statement 

This sub-analysis was approved by Hospital Vall d′Hebron’s Ethical 
Committee (PR AMI 2014/077). All pregnant women gave their written 

consent. 

Results 

In the analysis, we included 190 pregnant individuals with a short CL 
from the pessary group; of those, 12 (6.3%) had sPTB < 34 gestational 
weeks and 178 (93.7%) had a delivery ≥ 34 gestational weeks. 

Upon comparing demographic, obstetric and ultrasonographic 
characteristics in the bivariate analysis (Table 1), only statistically sig-
nificant differences were observed for CL at the time of the ultrasound 
scan and after pessary placement. No differences were observed for 
funnelling or sludge presence as potential biomarkers for predicting 
sPTB. In the sPTB group < 34 gestational weeks, 75% (9 of 12) of in-
dividuals were nulliparous as compared to 49.4% (88 of 178) of in-
dividuals who gave birth ≥ 34 gestational weeks, but with a non- 
significant difference (P = 0.086). In the sPTB group < 34 gestational 
weeks, 41.7% (5 of 12) of individuals smoked during pregnancy vs 18% 
(32 of 178) of individuals who gave birth ≥ 34 gestational weeks (P =
0.059). 

In the multiple logistic regression analysis, CL at diagnosis (OR: 
0.560; 95% CI: 0.43–0.73; P < 0.001), maternal age (OR: 0.818; 95% CI: 
0.69–0.97; P = 0.020) and smoking status (OR: 7.276; 95% CI: 
1.02–51.80; P = 0.048) remained significantly associated with sPTB. 

The ROC curve from the multiple logistic regression analysis 
including cervical length, maternal age and smoking status had an AUC 
of 0.952 (95% CI: 0.87–1.00; P < 0.001) (Fig. 1). 

The risk score model for sPTB< 34 gestational weeks was developed 
using the OR from the multiple logistic regression analysis (risk score =
(0.560 × CL) + (0.818 × maternal age) – (7.2 × smoking status)). A 
lower score indicated a higher risk. When evaluating the ROC curve, the 
risk score incorporating our three variables had an AUC of 0.864 (95% 
CI: 0.77–0.96; P < 0.001) (Fig. 2). We selected a cut-off point of 28, 
below which we found 37 cases (19.5%). A high-risk score was predic-
tive of sPTB with a sensitivity of 75%, a specificity of 84%, a positive 

Table 1 
Comparison of baseline characteristics. Comparison of demographic, obstetric, 
and ultrasound characteristics in pregnant individuals with a short cervix car-
rying a pessary with spontaneous preterm birth (<34 gestational weeks) vs not.   

Delivery ≥
34 
n = 178 
(93.7%) 

sPTB< 34 
n = 12 
(6.3%) 

P value 

Demographics    
Maternal age (years), mean (SD) 29.70 (5.3) 28.42 (6.3) 0.425a 

Body mass index (kg/m2) mean (SD) 24.98 (4.6) 24.07 (3.9) 0.508a 

Ethnic origin, n (%)   0.498b 

Caucasian 101(56.7%) 6 (50%)  
Latin American 52 (29.2%) 6 (50%)  
Asian 15 (8.4%) 0 (0%)  
Maghreb 3 (1.7%) 0 (0%)  
Black 7 (3.9%) 0 (0%)  
Smoking during pregnancy, n (%) 32 (18.0%) 5 (41.7%) 0.059c 

Obstetrical history    
Previous 

spontaneous preterm birth n (%) 
21 (11.8%) 1 (8.3%) 1.00c 

Nulliparous, n (%) 88 (49.4%) 9 (75%) 0.086b 

Gestational age at ultrasound scan 
(weeks), mean (SD) 

22.4 (0.9) 22.5 (0.5) 0.833a 

Ultrasonographic characteristics    
Cervical length (mm), mean (SD) 19.61 (3.8) 9.58 (4.8) <

0.001a 

Cervical length after pessary placement 
(mm), mean (SD) 

21.68 (4.5) 19.83 (2.4) 0.029a 

Funneling, n (%) 18 (10.1%) 2 (16.7%) 0.367c 

Sludge, n (%) 2 (1.1%) 0 (0%) 1.0c 

a: t-Student‘s test 
b: Pearson’s chi-square 
c: Fisher’s test 
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predictive value of 24%, and a negative predictive value of 98%. 
Individuals with a high-risk score had a significantly reduced latency 

to delivery as compared to individuals with a low-risk score (Log rank; 
P < 0.001) (Fig. 3). 

Moreover, individuals with a high-risk score had babies with 
significantly lower birth weights and experienced more adverse com-
posite outcomes, which although were not statistically significant, dis-
played a discernible trend (Table 2). 

Discussion 

Based on our results, pregnant individuals at a high risk for sPTB 
despite pessary intervention might be identified using CL at the time of 
diagnosing a short cervix, added to maternal age and smoking status. 

Our findings agree with previous analyses, where CL is the most 
accurate preterm birth predictor. Indeed, a randomized trial on pessary 
intervention in asymptomatic singleton pregnancies concluded that a CL 
≤ 11 mm can identify pregnant individuals at a high risk of asymp-
tomatic cervical dilation. Similar results were obtained with other in-
terventions, such as the cerclage. [20] Cervical dilation in the second 
trimester is associated with poor neonatal outcomes, and these cases 
may potentially benefit from a cerclage. [21] A recent study with 
pregnant individuals having cervical dilation and exposed membranes 
concluded that the pessary does not decrease preterm birth risk. [22] 
Therefore, in our study, we conducted vaginal examinations (visual 
examination with a speculum, without touching the cervix) to identify 
cervical dilation or visible membranes, and pessary placement was 
avoided if membrane exposure or cervical dilation were detected. 
Therefore, based on the unfavorable gestational prognosis, we believe it 
is important to adequately assess cervical dilation in pregnant in-
dividuals with a CL < 10–11 mm. 

In our study, 10/12 individuals with sPTB < 34 gestational weeks 
had a CL< 11 mm at the time of diagnosis without cervical dilation. Our 
findings of a higher rate of preterm birth in pessary carriers with a short 
cervical length (<11 mm) highlight the importance of identifying and 
monitoring this group of pregnant individuals to allow for adjunctive 
therapies contributing to improved outcomes. 

On the other hand, smoking is associated with sPTB, with an OR of 
1.4 (95% CI: 1.3–1.4). [23] In our study, smokers had an OR of 7.276 
(95% CI: 1.02–51.80; P = 0.048). Furthermore, 41.7% of pregnant in-
dividuals who had sPTB were smokers versus only 18% of those who 
gave birth after 34 gestational weeks. 

Currently, no studies explain this effect in pessary carriers. Smoking 
cessation has been shown to reduce sPTB risk, with a relative risk of 0.86 
(95% CI: 0.74 - 0.98). [24] Despite the influence of the pessary, tobacco 
use appears to be a significant risk factor for sPTB. Therefore, pregnant 
individuals with a short cervix who are undergoing secondary preven-
tion with a cervical pessary should cease smoking. 

Preterm birth risk varies according to maternal age. In cohort 
studies, Lawlor et al. and Fuchs et al. found a U-shaped relationship 
between maternal age and preterm birth risk, with the highest risk at 
both age extremes. [25],[26] However, preterm birth was mainly 
spontaneous in younger individuals (aged 20 to 24 years), whereas it 
was more frequently of iatrogenic origin in individuals over 40.26 In a 
large cohort study, Khalil et al. concluded that advanced age (>40 years) 
was not associated with an increased sPTB risk. [27] Our data shows that 
younger individuals have a higher rate of sPTB despite prophylactic 
pessary intervention, which seems to agree with previous findings. 
However, in our cohort, only a small number of cases aged > 40 were 
included, so our risk calculation does not apply to individuals older than 
40. 

This study has several strengths. It is the first article evaluating a 
wide range of sPTB risk factors and establishing a risk score model 
incorporating CL, maternal age, and smoking status during pregnancy to 
identify a subgroup of individuals with a high sPTB risk carrying a 
cervical pessary. 

Furthermore, other interventions for preventing preterm birth, such 
as progesterone or cerclage, which are potential confounding factors, 
were not used. Another strength of this trial is the fact that participants 
were managed by obstetricians trained in pessary management, with the 
lower rate of early removal pessary rate published. This may have hel-
ped to determine the actual effect of the pessary. 

This study has some limitations. The sample size was limited, which 
may have impacted the ability to detect weaker, yet statistically signif-
icant sPTB predictors in individuals with a short CL carrying a cervical 

Fig. 1. ROC curve of the model including cervical length, maternal age and 
pregnant smokers to predict spontaneous preterm birth. AUC 0.952. 

Fig. 2. ROC curve: risk score model incorporating cervical length, maternal age 
and smoking status. AUC 0.864. 
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pessary. This was a prospective study; however, pregnant individuals 
with active vaginal bleeding, ruptured membranes, placenta praevia, 
diagnoses before pessary insertion and a history of cone biopsy were 
excluded. As a result, these risk factors were not evaluated. 

We are currently conducting an external validation of the risk score 
model developed in this trial for use in the routine clinical practice. 

Given the multifactorial nature of sPTB, this intervention may not 
benefit equally all pregnant individuals with a short cervix. Therefore, it 
is necessary to emphasize the importance of tailoring medical therapy. 

Conclusions 

In our population, pregnant individuals at high risk for spontaneous 
preterm birth despite pessary intervention may be identified using cer-
vical length at the time of diagnosing a short cervix, added to age and 
smoking status, using a risk score model. External validation of this risk 
score model may improve the indication of pessary intervention in 
pregnant individuals with preterm birth risk. 
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