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Abstract

Background

The therapeutic significance of the cervical pessary has been confirmed by several studies.

However, the underlying mechanism by which pessaries reduce the risk of a preterm birth

remains elusive. The aim of this study is to investigate the hypothesis whether the application of

a cervical pessary may stabilize the ectocervical stiffness in order to achieve a cervical arrest.

Methods

This is a prospective, controlled, non-interventional, post-market, monocentric, longitudinal,

cohort study in a tertiary maternity hospital to determine ectocervical stiffness and its

changes measured before and after placement of a pessary in singleton pregnancies with

cervical shortening in the mid trimester. In order to assess reference values for cervical stiff-

ness, we measured also singleton pregnancies with normal cervical length in the same ges-

tational week spectrum. The cervical stiffness measured with the Pregnolia System as the

Cervical Stiffness Index (CSI, in mbar) shall be the primary endpoint, whilst patient delivery

data (gestational age, mode of delivery and complications) will be the secondary endpoint.

In this pilot study, up to 142 subjects will be enrolled to have a total of 120 subjects (esti-

mated dropout rate of 15%) to complete the study; pessary cohort: 60 (up to 71 recruited),

control group: 60 (up to 71 recruited).

Discussion

Our hypothesis is that patients with cervical shortening will present with lower CSI values

and that pessary placement will be able to stabilize the CSI values through further preven-

tion of cervical remodelling. The measurement of controls with normal cervical length shall

serve as a reference.
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Introduction

Preterm birth (PTB) has been consistently implicated in a wide range of health medical condi-

tions affecting neonates and contributed in up to more than a half of overall perinatal mortality

[1]. Spontaneous PTB (sPTB) has multiple causes. Different risk factors influence the aetiolo-

gies leading to a final pathway that accumulates into the precocious cervical ripening. Known

risk factors include maternal factors, such as ethnicity, age, social or economic status as well as

patient’s history, such a previous preterm birth [2]. Furthermore, pregnancy characteristics,

such as infections [3, 4], multiple gestation, biological and genetic markers play a predominant

role in this context. However, the precise underlying mechanisms resulting in a sPTB remain

unexplained [5].

The cervical pessary is a circular shaped device with a smaller circumference to enclose the

cervix and a wider circumference to fix the device within the vagina of different height in the

shape of a dome. The effectiveness of pessary therapy in singleton and twin pregnancies with

cervical shortening has been underlined in several trials, especially when it is applied earlier

than 20 weeks of gestations and when Instructions For Use (IFU) have been considered during

placement and follow-up [6–13].

Several plausible therapeutic mechanisms of action have been proposed. First, one hypothe-

sis describes the mechanical-rotating effect of the pessary on the uterocervical angle resulting

in a smaller angle which prevents direct pressure on the membranes covering the internal os of

the uterus and cervix itself [14, 15]. Second, the mechanical engagement of the cervix is

enforced due to the constraining modality of the device [16]. The mucus plug creates an

immunological barrier between the chorioamniotic membrane and the decidua [17]. Although

studies have shown beneficial effect of cervical pessary in reducing a preterm birth, the reasons

why pessaries might fail to prevent it remain unknown.

Identifying risk factors for sPTB through a detailed obstetric and medical history, gynae-

cological examination and objective tests such as transvaginal ultrasound measurement of

cervical length and biomarkers like fetal fibronectin are crucial for PTB management [18].

An assessment of a cervical softness is an important, however so far very subjective part of

an obstetrical clinical examination. Similarly, the Bishop score considers the estimated cer-

vicovaginal angle and is–though being influenced by a high inter- and intraobserver vari-

ability–a clinically established method for labour pre-induction, but not for prediction of

sPTB [19, 20].

Up to date, there is no clinically established diagnostic tool allowing reliable and reproduc-

ible assessment of cervical stiffness in pregnant women [20]. Certain attempts to appraise cer-

vical stiffness with a cervical elastography have been conducted [21]. A novel aspiration

technique-based device quantitatively assessing this is the Pregnolia System. Cervical stiffness

alterations are reflected by the Cervical Stiffness Index (CSI) [22]. The device quantifies cervi-

cal stiffness by measuring the amount of vacuum required to deform cervical tissue. The device

was already safely used in more than 1000 women. The device is known to be a safe tool to

assess cervical remodelling by the determination of cervical stiffness in a quantitative and

objective manner. However, there are no works up to date assessing the impact of the cervical

pessary application on cervical stiffness.

This study aims to evaluate whether women with cervical shortening indicated for pes-

sary treatment have a priori lower CSI values than controls with normal cervical length.

The research also aims to evaluate the impact of the cervical pessary treatment on the mea-

sured cervical stiffness, and whether cervical stiffness, or its changes correlate with birth

outcome.
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Materials and methods

Study design

A prospective, non-interventional, post-market, monocentric, longitudinal, cohort study will

be held in a tertiary maternity teaching hospital to determine ectocervical stiffness and its

changes measured before and after the placement of cervical pessary. Patients with singleton

pregnancies and cervical shortening below the 3. percentile according to the reference values

of Salomon et al. will be recruited in the pessary cohort. The findings will be correlated with

the birth outcome. The study schedule is depicted in Table 1.

A gestational age-matched control of pregnancies with no risk factors for spontaneous pre-

term birth and normal cervical length will be used for comparison of measured cervical stiff-

ness and outcomes. A total of 142 subjects fulfilling the eligibility criteria will be enrolled.

Subjects will be recruited to participate in the study between 18+0 to 24+6 weeks gestation.

Cervical stiffness is measured with a novel CE-marked medical device, the Pregnolia Sys-

tem, developed by Pregnolia AG and based on research conducted by the Swiss Federal Insti-

tute of Technology Zurich (ETH) and University Hospital Zurich (USZ) [22].

Participants will continue to receive all routine obstetrical care and indicated interventions.

If the woman agrees to participate in the study, additional study assessments will be conducted

during the first visit (18+0–24+6 weeks of gestation) and the follow-up visit (4 weeks later). Pro-

cedures at each visit are detailed and explained in Table 2. The participants will be enrolled

during the 18+0–24+6 week of pregnancy and will be in the study until birth or termination of

the pregnancy. The pessaries will be removed at 37+0 weeks of gestation according to the

national guideline for PTB prevention.

Study approval and registration

The ethics committee (Ärztekammer Hamburg, project number 2021-100680-BO-ff) has

approved the study (study identifier #4011, protocol version 1.0 of June 9th, 2021), and the

study has been registered on clinicaltrials.gov (NCT05267717). It is intended that the results of

the study will be published as a scientific work. Any modifications to the protocol which may

Table 1. Study schedule.

Study Assessment Information Screening Baseline Follow-up Postpartum

Visit 1 1 2 Medical Record

Time Before baseline

visit

18+0–24+6 18+0–

24+6
4 weeks after

baseline

4–8 weeks after delivery or

termination of the pregnancy

Send / Give Patient Information and Informed Consent Form X

Informed Consent process and signature X

In- /Exclusion Criteria X

Speculum to confirm eligibility X

Demographics X

Obtain surgical, medical, gynaecological and obstetrical history X

Listing of concomitant medication X X X

CL and uterocervical angle measurement X X

CSI measurements X X

Discomfort assessment for CSI and pessary placement X X only for

CSI

Adverse Events X X X

Collection of information about preterm birth intervention, delivery and

related complications, maternal / fetal health, health economics data

X

https://doi.org/10.1371/journal.pone.0283944.t001
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impact on the conduct of the study, potential benefit of the subject or may affect subject safety,

including changes of study objectives, study design, patient population, sample sizes, study

procedures, or significant administrative aspects will require a formal amendment to the

protocol.

Study population

The study population will consist of pregnant women attending the Asklepios Klinik Barmbek,

Hamburg Germany at 18+0–24+6 gestational weeks for the second trimester scanning. Study

eligibility will be determined at the first visit and women can be selected for the study if they

meet the inclusion and exclusion criteria described below. Written informed consent is

required from all patients included in this study in order to have their data from medical rec-

ords used in this research project.

Our research will be a longitudinal cohort-study. Hereby, we are planning two cohorts to

allow a comparison of the cervical stiffness between the groups: the pessary-cohort consisting

of patients with cervical shortening and the control group consisting of patients with normal

cervical length (non-pessary cohort).

Sample size calculation. In this pilot study, up to 142 subjects will be enrolled to have a

total of 120 subjects (estimated dropout rate of 15%) for the study; pessary cohort: 60 (up to 71

recruited), non-pessary cohort: 60 (up to 71 recruited). Currently, it is difficult to perform a

formal power analysis since the Pregnolia System is a novel device and there exist only limited

clinical data.

Inclusion and exclusion criteria. All participants should meet the following inclusion cri-

teria in order to be eligible:

• Pregnant woman recruited between 18+0–24+6 weeks of gestation

• Maternal age� 18 years

Table 2. Procedures at each visit.

Visit #1 at 18+0–24+6 weeks of gestation

• Confirm inclusion/exclusion criteria are met

• Inform consent signature and enrolment to the study

• Speculum examination to confirm eligibility (after screening & enrolment)

• Obtain demographic data

• Obtain surgical, medical, gynaecological and obstetrical history

• 3 consecutive TVUS for cervical length and uterocervical angle assessment

• 3 consecutive CSI measurements with the Pregnolia System

• Discomfort assessment of CSI measurement (for both cohorts) and of pessary placement (for pessary cohort only)

• Adverse Events

Follow-up visit (4 weeks later)

• 3 consecutive TVUS for cervical length and uterocervical angle assessment

• 3 consecutive CSI measurements with the Pregnolia System

• Discomfort assessment of CSI measurement

• Adverse Events

In absence of participant–post-partum

• Collection of interventions and/or treatments during pregnancy to prevent preterm birth, if any

• Collection of delivery information (onset of labour, mode of delivery, GA at delivery, date of delivery) and

newborn data (e.g. weight)

• Collection of health status data of mother (hospitalization (yes/no), indication for hospitalization, GA at admission

and GA/date at discharge) and neonatal morbidities.

• Collection of health economics (date admission to NICU of the baby, date of discharge from NICU of the baby,

discharge from hospital (baby))

• Adverse Events

https://doi.org/10.1371/journal.pone.0283944.t002
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• Subject able to sign approved consent form to participate in the study

• Singleton gestation

Moreover, there are specific inclusion criteria for both the pessary and the non-pessary

cohorts. For the pessary cohort, these consist of cervical shortening confirmed by transvaginal

ultrasound (TVUS) (CL< 3rd percentile at gestational age at measurement) according to Salo-

mon at al. (14, 32), whilst for the control (non-pessary) group we will include asymptomatic

pregnant women with no risk factors for spontaneous preterm birth and with a normal cervi-

cal length.

Any possible exclusion criteria will be evaluated for eligibility for the study on the first visit.

Exclusion criteria for both pessary and control group will be:

• evidence of fetal anomaly or fetal chromosomal abnormality from fetal scanning

• uterine malformations

• history of diethylstilboestrol (DES) use, (cases of so-called DES daughters, who were exposed

to DES in utero)

• cervical cerclage or pessary currently in place

• silicone allergy

• painful regular contractions

• abnormal placentation (previa, accreta)

• rupture of membranes

• cervical dilation

• any visible, symptomatic cervical or vaginal infections (this excludes treated, asymptomatic

infections)

• known HIV infection

• cervical carcinoma

• the presence on the cervix at the 12 o’clock position of any of the following conditions:

Nabothian cyst, cervical myomas, cervical condylomas, cervical endometriosis, cervical

tears, scar tissue, cervical ectopy, cervical scarring due to prior LLETZ, cervical squamous

intraepithelial lesion, cervical dysplasia, cone biopsy,

• vaginal bleeding evident on exam.

Criteria for withdrawal. The subjects will be advised in the Informed Consent Form that

they have the right to withdraw from the study at any time without prejudice and may be with-

drawn at the Investigator’s discretion at any time when this is considered to be in the interest

of the subject. In the case that a subject drops out of the study or is withdrawn, the withdrawal

/ study termination page in a Case Report Form (CRF) shall be completed. On the withdrawal

page of the CRF, the investigator should record the date of the withdrawal, the person who ini-

tiated withdrawal and the reason for the withdrawal. Reasonable effort should be made to con-

tact any subject lost to follow up during the study in order to complete assessments and

retrieve any outstanding data.

Withdrawal can be decided by the investigator due to an adverse event, a major protocol

deviation that may lead to endangerment of the subject, a major protocol deviation concerning
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the primary outcome related to data quality, an investigator’s concern regarding subject’s

health and withdrawal of informed consent. Discontinuation due to an Adverse Event should

be documented in the CRFs.

Study device and indication

The Pregnolia System is used to provide information about the mechanical properties of the

uterine cervix by assessing the tissue stiffness through a proxy parameter (the Cervical Stiffness

Index, in mbar). The system consists of a reusable component, the Pregnolia Control Unit and

a disposable probe, the Pregnolia Probe.

The device is intended to be used in addition to other standard examinations and does not

substitute them. Cervical stiffness can be assessed during routine examinations—along with

other parameters, such as cervical length measured by ultrasound—in order to gather a sup-

portive data for diagnostics in the field of obstetrics and gynaecology, in particular about cervi-

cal remodelling.

Study device description

The Pregnolia System is composed of two products: an active device (Pregnolia Control Unit)

and a single-use sterile probe. The Pregnolia system is depicted in Fig 1. The control unit con-

sole is an active device with a power supply, foot switch, connector cable and an integrated

pump that generates vacuum. The single-use sterile probe is connected to the control unit con-

sole through a connector cable. Air filters on the probe prevent microbiological contamination

of the control unit. The probe is transvaginally applied on the anterior lip of the cervix with

the aid of a speculum and an external light source. A general overview of the system applica-

tion is shown in Fig 2.

Fig 1. System components: Control unit including control unit console, power supply (not shown), foot switch, connector cable and single-use probe.

From the Instructions for Use of the Pregnolia System (www.pregnolia.com/instructions).

https://doi.org/10.1371/journal.pone.0283944.g001
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To determine the tissue stiffness, the control unit console generates a weak vacuum, and

the cervical tissue is slowly deformed into the probe tip. The vacuum level required to displace

the tissue into the probe tip by a fixed distance (4 mm) characterizes the tissue stiffness; it is

defined as the Cervical Stiffness Index (CSI) and expressed in mbar. The stiffer the tissue, the

higher the closing pressure.

Risks / Benefits. The study will be performed on pregnant women. While this study does

not have direct impact on the pregnant women, the study results will help to provide better

preterm birth management in the future. Pregnant women in emergency clinical settings will

not be recruited.

Participants will undergo an additional procedure to quantify cervical stiffness. The study

investigator will decide case by case if this additional procedure and the potential risk is accept-

able for the pregnant women.

Each subject will undergo one speculum examination for checking the eligibility of the

study, 3 consecutive TVUS cervical length and uterocervical angle assessments during two vis-

its (it is an extra measurement only for the non-pessary cohort in the follow-up visit) and 3

consecutive cervical stiffness measurements during two visits.

Speculum examination and TVUS cervical length assessment are standard examinations

for pregnant women and no additional risk is associated with this additional examination. The

cervical stiffness measurement is done with the Pregnolia system. It has been CE-marked by

TÜV Süd. Part of the registration process included a risk-benefit analysis of the Pregnolia

system.

The Pregnolia System allows the assessment of cervical stiffness and its monitoring. The

system provides an objective, more hygienic and less intrusive way of measuring cervical stiff-

ness than cervical palpation. Possible side effects can be found in the Instruction for Use

(IFU). However, the device seems to have a very good safety profile as the manufacturer

Fig 2. General overview of the method and application. The probe is manually placed on the cervix during a routine

gynaecological evaluation, with the aid of a speculum. Adapted from [20].

https://doi.org/10.1371/journal.pone.0283944.g002
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received no serious adverse event reporting related to the medical device until now, neither in

studies nor from the market.

The comparison of the benefits of the Pregnolia system with the risks shows that the benefit

outweighs any of the potential risks considering their nature and frequency to prevent them.

Study objectives

The primary objective is to determine the absolute value of CSI and its change over time in

women undergoing pessary treatment, in comparison to normal pregnancies, when measured

at 18+0 to 24+6 weeks and at the follow-up visit (4 weeks later).

The secondary objective is to determine the correlation of the initial CSI and CSI changes

with birth outcome (gestational age at birth).

The safety objective is the safety of the device, by assessing incidence, severity, and serious-

ness of device-related adverse events.

Study endpoints

The primary endpoint of the study is the Cervical Stiffness Index (CSI, in mbar). The second-

ary endpoint is patient delivery data (including gestational age, mode of delivery and compli-

cations). The safety endpoint is device-related adverse events (incidence, severity, and

seriousness).

Study assessments

The participation in the study will be added to the medical record. Additionally, the access to

medical records is needed for the collection of study-relevant data such as previous history of

the spontaneous PTB, demographic data, etc.

Assessment of primary endpoint. The primary endpoint is assessed via 3 consecutive

CSI measurements with the Pregnolia System to obtain the CSI values. During all the visits the

CSI measurements with the Pregnolia System are done according to the IFU. Briefly, the Preg-

nolia Control Unit is set up and one Pregnolia Probe, single use and sterile, is connected to the

control unit. The woman is prepared for a speculum-based vaginal examination, excessive

mucus is removed, and the measurement site is checked for contraindications / withdrawal

criteria. The pump is started, and the probe is gently applied on the cervix at 12 o’clock posi-

tion. The user is guided through the different steps of the measurement by audio signals. The

CSI assessment is performed 3 consecutive times, and thereafter the probe is removed. The

results (CSI1, CSI2 and CSI3) are reported in the CRF. The study team will be trained to

ensure the right handling of the device.

The measurements should be made consecutively. In case of a measurement failure, this

will be recorded in the CRF.

Assessment of secondary endpoint. Patient delivery data will be collected in the medical

records of the subjects, within 4–8 weeks after birth / study completion. The following infor-

mation will be collected: a collection of interventions and/or treatments during pregnancy to

prevent preterm birth, if any, a collection of delivery information (onset of labour, mode of

delivery, GA at delivery, date of delivery) and new-born data (e.g. weight, neonatal morbidi-

ties), a collection of health status data of mother (hospitalization (yes/no), indication for hospi-

talization, gestational age (GA) at admission and GA/date at discharge) and neonatal

morbidities, a collection of health economics (date admission to NICU of the neonates, date of

discharge from NICU, discharge from hospital).
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Assessment of safety endpoints. To assess the safety of the Pregnolia system the occur-

rence of any serious adverse event (SAE) during the study will be rated according to their seri-

ousness and relatedness.

All SAEs that occur during the study period (from time of consent to delivery), whether

considered to be related to the study medical device or not, must be reported via the case

report form. Additionally, all adverse device effects shall be reported in the CRF.

Infections will be collected as an adverse event but displayed additionally to the planned

general overview of adverse events (AE).

Other assessments. The cervical length and the uterocervical angle will be measured with

the use of a transvaginal ultrasound: three (3) consecutive TVUS scannings of the uterine and

cervical anatomy will be taken according to fetal medicine procedure [23]. The patients will be

in a dorsal lithotomy position with the bladder essentially empty. The pressure from the ultra-

sound probe on the cervix should be as gentle as possible [24].

The cervix should be measured along its longitudinal axis. The UCA is the angle formed by

the cervix and the lower uterine segment. The uterocervical angle (UCA) is measured on the

image with the shortest cervix length (CL). First, a straight line is drawn between the external

os and the internal os, including the isthmus. Second, a line parallel to the lower anterior uter-

ine wall and passing through the end of the first line in the internal os is drawn (ideally 3 cm

long). The angle given by the intersection of the two lines is measured and represents the UCA

[25–27]. The ultrasound measurement of the UCA and CL is depicted in Fig 3.

Data management and confidentiality

The investigators will use CRFs with all relevant data of the participating subjects. CRFs will be

kept monthly updated to reflect the patient’s status at each phase during the study. The data

will be pseudonymized and only research study staff will have access to the identification key.

The medical record might be reviewed on site by a monitor for source data verification or any

other quality check or during an audit, however all involved staff is obliged to maintain

confidentiality.

Data collection and follow-up for withdrawn participants. A patient can be withdrawn

from the study participation at any time. In case a subject is withdrawn from the study, no fur-

ther data for that subject will be collected, but the data already collected will be used for analy-

sis. Since there is no risk for the subject, no further follow-up will be required.

Statistical analysis and methods

Distribution of subjects in the study will be presented as in the flowchart reported in Fig 4.

The CSI is a continuous variable. Consecutive CSI values (CSI 1, CSI 2 CSI 3) will be ana-

lysed and/or pooled as mean value, single sequential values, max or min value of the sequence,

or combination of those and other possibilities.

Descriptive statistical methods will be used to summarize the data from this study. Unless

stated otherwise, the term “descriptive statistics” refers to number of subjects (n), mean,

median, standard deviation (SD), minimum, and maximum for continuous data and frequen-

cies and percentages for categorical data. Multi-variate linear and logistic regression analysis

will be performed, correlations and predictive capabilities for the CSI alone and in combina-

tion with other collected data will be evaluated. The level of significance will be 0.05.

The investigator will actively ask for any Adverse Events (AEs) during the visits. At each

clinical investigation visit the investigator will assess and record any AE in detail in the source

data. The Investigator will evaluate Serious Adverse Events (SAEs) regarding causality and

seriousness. The number and percentage of participants with SAEs will be displayed by body
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system and preferred term using Medical Dictionary for Regulatory Activities (MedDRA) ver-

sion 22.0 or higher, by cohort group and overall. Summaries in terms of severity and relation-

ship will also be provided.

Monitoring. Monitoring at the investigator’s site during the study will be carried out to

follow up the progress of the clinical investigation, to assure outmost accuracy of the data and

to detect possible errors as early as possible. A Monitoring plan (according to ISO 14155 as far

as applicable) pre-defines the amount of monitoring.

Fig 3. The measurement of UCA. From [25].

https://doi.org/10.1371/journal.pone.0283944.g003
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Discussion

The study aims to evaluate whether patients indicated for pessary treatment have a priori a

lower ectocervical stiffness than normal pregnancies. Moreover, this study aims to evaluate the

impact of treatment with pessary on measured ectocervical stiffness, and whether it, or its

changes correlate with birth outcome.

The uterine cervix plays a fundamental role in ensuring that a pregnancy is carried to

term, while securing a closed uterus throughout gestation, it progressively softens, and

finally opens to allow delivery. This constitutes a striking transformation of the tissue struc-

ture and characteristics, constituting a complex biomechanical process, part of a larger con-

text of dynamic changes in structural forces, loads, deformations, and material and

biochemical properties that occur during pregnancy. When a cervix is no longer structurally

sound, it cannot perform its function adequately, which may lead to premature birth. Multi-

ple aetiologies can lead to such a failure, but the overall knowledge of what in fact leads to

cervical failure is far from complete.

The major parameter currently used to aid the identification of those women at risk of

delivering preterm is the measurement of cervical length using transvaginal ultrasound. Cervi-

cal shortening is predictive of preterm birth, however cervical length has only limited predic-

tive capacity [28, 29]. Understanding of cervical remodelling is fundamental for prediction of

sPTB and to avoid pessary failure. The Pregnolia system is a device that performs a bio-

mechanical function, being able to describe the biomechanical parameters of the cervix accu-

rately and quantitatively.

Fig 4. Flowchart summarizing the distribution of subjects in the study. sPTB = spontaneous preterm birth.

https://doi.org/10.1371/journal.pone.0283944.g004
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With improved prediction of sPTB, asymptomatic women may benefit through early detec-

tion of lower or declining cervical stiffness values and receive pessary therapy even before cer-

vical shortening [30].

This study investigates a fundamental biomechanical parameter of the cervix–likely con-

nected to the competency of the cervix–in order to assess its contribution to an existing ther-

apy. The benefit of this study could lead to better identification of patients that can or cannot

benefit from the pessary therapy, and therefore lead to better preterm birth management.

Our study will lead to a better understanding of the impact of the use of pessary on ectocer-

vical stiffness. We hypothesise that the CSI values may differ significantly across cohorts in the

study. We are confident that the CSI in combination with TVUS, could be a potential diagnos-

tic tool, which enables the identification of the group of pregnant women for the antenatal cer-

vical pessary treatment.
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