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Abstract

Preterm delivery as the main cause of perinatal mortality and morbidity, remains the most important challenge of contemporary perinatology.
In this study we present some new ultrasonographic methods in diagnosing women at high risk of preterm delivery. One of them is Three
Dimensional (3D) assessment of cervix which allows evaluating uterine cervix simultaneously in three imaging planes: sagittal, transverse and
coronal. The Virtual Organ Computer-aided Analysis imaging program (VOCAL) is a software which is integrated into a 3D ultrasound system. It
is used to calculate cervical volume and power Doppler flow indices from the multiplanar views of the cervix. The technique allows to calculate
vascularization index (VI), flow index (FI) and vascularization flow index (VFI). Elastography is a modern, non-invasive, easy and reproducible
method which allows identifying patients with an increased risk of preterm birth in asymptomatic women. At the current stage of knowledge, the
techniques mentioned above should be considered experimental and further studies are required to assess the potential of these sophisticated
methods in routine clinical practice.
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Introduction

Preterm delivery remains to be one of the most important challenges of contemporary perinatology. It complicates more than 12% of pregnancies and is the main cause of perinatal mortality and morbidity [1]. Only 12-27% from all woman with signs and symptoms of preterm birth (PTB) deliver before 37 weeks of gestation [2,3].

In this article we present new ultrasonographic approaches in diagnosing patients with a high risk for preterm delivery:

a.Two Dimensional (2D) and  Three Dimensional (3D) assessment of cervix,

b. Cervical Elastography.

2D and 3D assessment of cervix

One of the best predictors of a true preterm delivery is sonographic assessment of cervical shape and  length  (CL). The assessment of CL may be approached by transabdominal, translabial or transvaginal routes, with each having its own limitations. The most accurate method to measure CL seems to be transvaginal ultrasound (TVU), which has greater interobserver reliability than standard digital examination of the cervix [4,5]. The proper measurement of CL begins at the internal os of the cervix, follows the path through the endocervical canal, and ends at the external os. In the case of curved cervical canal, it can be measured by tracing or summing up two straight lines that follow the curve [6]. An appropriate technique of measuring CL during TVU, adapted from Berghella and Bega is presented below [7]:

a. Have the woman empty her bladder just before ultrasound.

b. Prepare the clean probe covered by a condom.

c. Insert the probe (probe can be inserted by the woman for her comfort).

d. Guide the probe in the anterior fornix of the vagina.

e. Obtain a sagittal long-axis view of the entire endocervical canal.

f. Withdraw the probe until the image is blurred, and reapply just enough pressure to restore the image (to avoid excessive pressure on the cervix, which can elongate it).

g. Enlarge the image so that the cervix occupies at least 2/3 of the screen, and both external and internal ossa are seen.

h. Measure the cervical length from the internal to the external os along the endocervical canal. If the cervix is curved then trace the canal or use the sum of 2 straight lines that follow the curve of canal.

i. Obtain at least three measurements, and  record the shortest best measurement in millimeters.

j. Apply transfundal pressure for 15 seconds,  and record cervical length again at least 3 times, recording best measurement.

k. Entire examination should last at least 5 minutes; record only the shortest best cervical length obtained for clinical management.

CL measured by TVU seems to predict preterm delivery in asymptomatic low-risk women as well as those with symptoms of threatened preterm labor [8]. In low-risk pregnant women, mean CL at 14-30 weeks of gestation varies from 35 to 4mm, with the 10th percentile being 25mm and 90th percentile being 50mm [8]. In asymptomatic women after 30 gestational weeks, the cervix physiologically shortens and CL less than 25mm does not indicate preterm labor [9]. It seems that initial screening for preterm  delivery  should  start  between  18  and  22  weeks of gestation, because in most women who deliver before 37 weeks a short cervix is detected at that time [8]. In singletons with prior spontaneous preterm birth, serial TVU CL screening is recommended between 16 and 23 6/7 weeks [9]. In the high risk women, detection of CL less than 25mm, before 18 weeks, has a positive predictive value of 70% for preterm delivery before 35 weeks of gestation [10]. Funneling is defined as the opening of the internal cervical os and has good predictive value of PTB. In a study of high-risk women moderate (25%-50%) and severe (>50%) funneling of the cervix was associated with a high (≥50%) likelihood of PTB [10]. The presence of funneling in a short cervix (<25mm) increases the sensitivity of predicting PTB from 61% (CL<25mm alone) to 74% [11]. In contrast, in a patient with normal CL detection of funneling does not change the risk of PTB [12].

3D ultrasound was first developed by Olaf von Ramm and Stephen Smith in 1987 [13]. In 3D ultrasound, sound waves are sent at different angles and returning echoes are processed by a computer program which reconstructs a three dimensional volume image [13,14]. Recently, TV 3D ultrasound has been used in evaluating uterine cervix simultaneously in three imaging planes: sagittal, transverse and coronal, whereas information from 2D ultrasound on vascularization and blood flow is restricted to a single plane. Some authors suggest that 2D TVS seems to be ineffective in defining the sagittal plane of cervix due to differences in CL measurement results [15-17]. Bega et al. [17] concluded that 3D US offers a more complete assessment of the cervix and their canal than 2D US and can reflect cervical morphology better. Another advantage of 3D US is providing more accurate volume measurements than 2D US [18]. The Virtual Organ Computer-aided Analysis imaging program (VOCAL) is a software which is integrated into the 3D ultrasound system. It is used to calculate cervical volume and power Dopler flow indices from the multiplanar views of the cervix. The technique allows to calculate vascularization index (VI), flow index (FI) and vascularization flow index (VFI). The technique of performing 3D US VOCAL is similar to a 2D technique. When a satisfactory grey-scale image of the cervix with internal os, cervical canal and external oswill be obtained concurrently, the system can be switched into the power Doppler mode and after that into the 3D mode. The duration of the volume evaluation depends on the dimensions of the 3D sector and usually lasts 15-20 seconds [19]. A few authors noted that during manual drawing of the cervical contour some difficulties may appear, because demarcation between the cervix and the lower uterine segment is not clear. Sometimes it can also be difficult to separate the cervix from the vaginal tissue [20,21]. Rovas et al. [22] present reference values for cervical volume and blood flow indices as assessed by 3D power Doppler ultrasound from 17 to 41 gestational weeks, which might be highly beneficial in clinical practice.

Elastography

Elastography is a modern method useful in assessing the biomechanical properties of tissues. This is an objective based on an ultrasound imaging method which allows a visualization of differences in the consistency of neighboring tissue components. Density of the tissues determines their susceptibility to deformation, which occurs as a result of displacement of tissue structures under compression of ultrasound probe. The differences in tissue strain are presented as a color map, where purple corresponds to the hardest structures while blue, green, yellow and red match softer consistency. So far, elastography has been used in the diagnosis of breast tumors [23], thyroid gland [24], prostate [25], lymph nodes [26] and in detecting focal and diffuse liver diseases [27]. In recent years, the method has also been used in obstetrics and gynecology [28-32].

In obstetrics elastography can be a valuable source of clinically relevant information on the structure of the cervix. During pregnancy the adaptive physiological changes of the cervix make it more flexible to face steady growth of intrauterine pressure resulting from the growth of the fetus. Evaluation of the cervix in normal pregnancy showed that a stiffness reduction occurs gradually throughout pregnancy, as opposed to shortening of the cervix observed only in the third trimester [33,34]. Labor is preceded by the dynamic changes in the microstructure of the cervix. The tissue becomes softer and more susceptible to stretching. The underlying mechanism of this phenomenon is the dispersion of collagen fibers and their gradual depolymerization associated with increased activity of matrix metalloproteinases and a decrease in the tissue inhibitors of these enzymes in the extracellular matrix. It results in an increase in osmotic pressure in the tissue of the cervix with its hydration and softening [35]. These phenomena occur before the start of uterine contractions. When cervical ripening begins too early, the process can lead to preterm delivery.


The main limitation of cervical elastography results from the lack of standardization of the force with which the operator obstructs the tissues with the vaginal probe [36]. It has a significant impact on the interpretation of the ultrasound image. Currently used elastography systems are not equipped with force sensors, which would render the method more objective [37]. It should be taken into account that because of the anatomical characteristics of an organ, its deformation depends on the position of the transducer. If the same force is applied, tissues closer to the probe will deform more than those that are further away and are devoid of direct pressure. The studies conducted so far have shown significant differences of consistency between areas of the cervix, while the studies were not focused on the measurement of the absolute value of the biomechanical properties of the tissue.

Various methods of interpretation of elastogram of the cervix have been applied. Thomas [30] and Yamaguchi [38] determined an ‘elasticity tissue  quotient’,  which  expressed the ratio of each color observed in the elastogram. They used a ‘slight pressure’ technique to induce cervix deformations. A similar technique based on repeated mild probe compressions was applied by Khalil et al. [39]. The researchers found that the strain of the cervix is the greatest in the area of the external os and decreases with the distance from the probe. It seems that the smaller tissue deformation is rather a result of the use of less force than the actual density and stiffness of the cervix. A greater standardization of the test was obtained when repetitive one second cycles of compression and decompression were applied under the control of an indicator of compression magnitude installed  in  the  ultrasound  system  [29]. The  study  included 112 pregnant women at different gestational age who were tested twice by one operator. In 50 cases, an additional test was performed by a second operator, without knowledge of previous results, and the two measurements were compared. The resulting data showed a significant reproducibility of the results with the exception of the area corresponding to the external os and the anterior cervical lip, where the vaginal probe tip is situated. This may prove that the soft tissues, such as the cervix, can be easily deformed by the probe and only the assessment of structures further away, without direct pressure can provide reliable data helpful in the clinical management. Another method of cervical elastography proposed by Fruscalzo et al. [40] was based on maximum compression of the anterior lip untill the posterior lip was displaced. The authors demonstrated that this method is more reliable and reproducible in comparison with the use of lower pressure.

In recent years, several studies have been performed in which elastography was used to determine the success of labor induction and risk of preterm birth assessment. In the study by Świątkowska-Freund & Preis [41] 20 pregnant women prepared for induction of labor were tested. Color differences between the various areas of the cervix reflecting the difference in the consistency  of  tissue  were  correlated  with  numerical  scale.Reference, as the hardest, was a posterior lip of the cervix. Then, the data were compared with the assessment of the cervix in the Bishop score as well as ultrasound measurement of cervical length and internal os and correlated with successful induction of labor. The authors found a statistically significant (p=0.0004) correlation between the internal os consistency and the induction effect and a negative correlation between consistency of both internal, external os, and the Bishop scale. In 2011 the same researchers described a different way of elastography interpretation. They applied a so-called elastography index where the five-color  scale,  reflecting  differences  in  the  consistency of the cervical tissue was changed into a numerical scale [28]. No additional pressure was applied to the cervix. Only the deformation due to breathing movements and pulsation of blood vessels was detected. Twenty-nine pregnant women expecting induction of labor were examined. There was no statistically significant correlation between the elastography  index  and any cervical area, the Bishop score or the length of the cervix. The average elastography index around the internal os was significantly higher (p=0.024) in women with successful labor induction in comparison with women with a failed induction.

Hernandez-Andrade and co-workers aimed to determine cervical stiffness in pregnant women [37]. In 262 pregnant women between 8 and 40 weeks cervical strain was determined in the sagittal and cross-sectional plane under the control of compression volume ratio. The results confirmed the previous data, which reported the structure of the cervical canal and deeper structures as softer than the area of the external os. In addition, the authors demonstrated the decrease in the hardness of the cervix, with its shortening and increasing gestational age. The work of Fuchs et al. [42] showed a statistically significant correlation between the consistency of the front lip of the cervix and its length in 59 women between 28th and 39th weeks of gestation.

Wozniak et al. [43] conducted a study in a group of 333 healthy women with a low risk of preterm delivery. Elastography and cervical length measurement were performed between 18th and 22nd, and at 30th week of gestation during routine ultrasound examinations. Thirty-five evaluated women delivered prematurely. Elastography of the internal  os showed that preterm delivery occurred significantly more often in women, in whom the cervix was assessed as soft or medium soft (red and yellow) compared to women with cervix assessed as a medium hard or hard (blue and purple). The authors found a statistically significant positive correlation between the stiffness of the internal os and cervical length assessed in 18th-22th gestational week. There was also a significant negative correlation between the stiffness of the internal os and the degree of shortening of the cervix between the second and the third trimester. Funneling at 30 weeks was observed significantly more frequently in women with a ‘soft’ structure of the internal os in the second trimester.

The use of elastography in preterm birth risk assessment was described by Świątkowska-Freund et al. [44]. Elastography and physical examination carried out by two independent investigators  were  performed  in  a  group  of  44   patients with premature contractions before 37 weeks of gestation. Elastography index of the internal opening of the cervix showed a significant correlation with the occurrence of preterm delivery (p<0.001) and the time dividing the onset of labor and the patient evaluation (p<0.001). A similar significant correlation was found with respect to the length of the cervical canal and the risk of preterm birth and the time from the test to delivery.

Elastography gives an opportunity to evaluate the consistency of the tissue around the internal opening of the cervix which is not available in the digital vaginal examination. It is a non- invasive, easy and reproducible method. Elastography allows identifying patients with an increased risk of preterm birth in asymptomatic women. The changes observed in elastography may precede other ultrasound symptoms, such as funneling or shortening of the cervix, and the clinical symptoms of preterm labor. The correlation between flexibility of internal os of the cervix and its length makes elastography a valuable examination which may be complementary to currently used techniques of cervix imaging in terms of predicting preterm delivery.

Conclusion

The application of new ultrasonographic methods for the evaluation of cervical uterus (VOCAL and  elastography),  and risk assessment could allow selection, within pregnant women with the activity of premature contractions, of patients with the highest risk of preterm delivery as well as providing early care and treatment for them.
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