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Abbreviations: PTB, preterm birth; PTD, preterm delivery; 
PPROM, preterm premature rupture of meMbranes; USG, ultrasono-
graphy; RTE, real time elastography; ARFI, acoustic radiation force 
impulse; VTQ, virtual touch tissue quantification; HPA, hypothalamic 
pituitary adrenal; FZE, fetal zone enlargement; cAGV, corrected adre-
nal gland volume; FZ, fetal zone; TZ, transitional zone; DZ, definiti-
ve zone; DHEA-S, dehydroepinadrosterone-sulfate; FZE, fetal zone 
enlargement

Introduction
Preterm delivery (PTD) is defined as premature birth prior to the 

completion of 37weeks of gestation and is responsible for nearly 
75% of all neonatal deaths.1 WHO estimation of the preterm births is 
approx 11%,2 hence the main clinical and diagnostic challenge is to 
identify high risk patients and to prolong the pregnancy.3

Altered consistency of the cervix can lead to early labour and 
preterm birth, which is universally evaluated with Bishop’s scoring and 
USG measurement of the cervical length. Bishop’s score is relatively 
subjective and clinician dependant where there can be discrepancy 
in the score and hence defines low predictive value. Similarly 
the assessment of the uterine cervical length is also unreliable and 
variable. The correlation of the previous obstetrics, clinical history, 
fetal fibronectin, Bishop’s score and USG measurement of the cervical 
morphology (funnelling & shortening) can lead to better prediction of 
the preterm birth.4,5

Recently, the role of radiologist in the cervical assessment has been 
enhanced by virtue of the arrival of the elastography and its variable 
techniques, which will be discussed. An innovative, indirect and 
relatively less studied parameter for the PTB prediction is assessment 
of the Fetal adrenal gland volume and dimensions. 

Discussion
PTB prediction is important for both the clinician’s and the 

patient’s perspective as it can lead to planned management of such 
cases and reduces the neonatal morbidity. There is 50% increased risk 

of PTB in a woman who has experienced two or more prior PTBs.6 
Clinical evaluation of the cervix is usually done by finger palpation 
method which measures the length from the level of external os 
to the cervico-vaginal junction giving the Bishop’s scoring. The 
cervical isthmus portion could not be assessed; which leads to the 
underestimation of the length by nearly 12mm compared to the USG 
in about 80% cases during the second and third trimester.7 Here we 
will discuss the routine USG assessment of the cervix with role of 
cervical elastography and fetal adrenal gland biometry in prediction 
of the preterm birth (Figure 1).

Figure 1 Transabdominal Ultrasound of the cervix. (A) Cervical Length 
measurement. (B) Funnelling of the cervix (white arrow) and amniotic fluid 
debris near internal os (asterisk*).

Sonography of cervix

Evaluation of maternal cervix is an integral part of routine obstetrical 
USG. There are three approaches for cervical scanning which are 
transabdominal, transvaginal and translabial.8 The translabial and 
transvaginal approaches are usually avoided in cases of high risk of 
PTB with procedure related risk of chorioamnionitis, vaginal bleeding 
and cervical stimulation. However, the transabdominal approach may 
be less accurate and affected by distention of the urinary bladder and 
fetal head size.9
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Abstract

Preterm Birth (PTB) is one of the leading causes of neonatal mortality and morbidity 
worldwide, compared to the term deliveries. The survivors come across long term 
morbidity in the form of sensory, motor, cognitive and behavioral deficits. Hence, 
accurate and early prediction of the preterm is important for timely intervention and 
prevention of the fetal outcome. Contemporary method of assessment relies on the 
clinical and radiological signs, however still the rate of PTB is nearly constant over the 
years. This review discusses the role of various Ultrasonographic (USG) parameters & 
advances in prediction of PTB; based on the current medical literature.
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Multicentric study by Iams et al.,10 proposed the concept of 
‘short cervix’ on USG as less than 25mm (or <10th centile length 
at 24-28weeks). The earlier in gestation, the shorter the cervix, the 
greater is the risk of PTB. Rate of cervical change or progressive 
shortening of the cervix is more important than a single measurement, 
hence a term ‘short and shortening’ or ‘short but stable’ cervix is 
described. There are other morphological features like cervical canal 
dilatation, funneling, sludge or debris in the amniotic fluid which can 
be combined in support to predict the preterm delivery (Figure 2).

Figure 2 Elastographic images of the cervix at internal os (circles), (A) 
showing red -soft; (B) red and yellow-medium soft; (C) yellow and green-
medium hard and (D) green and blue-hard. The color coding map is shown 
from the soft (SF) level to Hard level (HD) attached to the image A.

Cervical elastography

Elastography is an USG based imaging technique for assessment 
of the consistency of the cervical tissue/internal os. It is method of 
virtual palpation based on the concept of greater compression of 
the softer tissue on pressure as compared to the harder tissue. The 
gradient of the strain produced is displayed on color coded and a gray 
scale map. eSie Touch EI method is provided in Acuson S2000 USG 
(Siemens Healthcare, Erlangen, Germany) system which generates 
both gray scale and color coded maps across the soft to hard tissue 
consistency without application of pressure on the cervix. Most of 
the studies done previously have stressed on the assessment of the 
color coding of the region of the internal os.11‒13 Thomas et al.14 has 
mentioned the grading based on the color map,14 with red indicating 
soft, yellow (medium soft), green (medium hard) and blue or purple 
(hard). The grading was done on proportion of the colors on the color 
map. However, the cervical softening and prediction of the preterm 
is primarily based on red to yellow colors.11 Cervical elastography is 
done in the second trimester of gestation on patients presenting with 
clinical signs and symptoms of preterm labor and preterm premature 
rupture of membranes (PPROM) for the morphological assessment 
of the cervix. However, this Real Time Elastography (RTE) method 

is subjected to inter as well as intra observer variation; hence lacks 
standardization. Bishop’s scoring, cervical length and RTE of the 
cervix can be correlated for the assessment of the risk of preterm birth 
(Figure 3).

Figure 3 Shear wave elastography of the cervix. (A) Shear wave velocity is 
reduced indicating soft cervix. (B) increased velocity indicating the hard cervix.

Another recent advancement in the elastographic technique 
is based on Acoustic Radiation Force Impulse (ARFI) which is a 
quantitative method for measuring the velocity of the shear waves 
from the tissue concerned. The technique is better known as Virtual 
Touch tissue Quantification (VTQ). In this model, the region of interest 
(ROI) is placed at the concerned site (internal os in this scenario) and 
the velocity is measured as m/sec.

ARFI ultrasound imaging is currently used for evaluation of tissue 
elasticity in the liver, pancreas, breast, thyroid and prostate.15,16 The 
technique is previously utilized in the cases of cervical malignancy17 
and there is reasonable dearth of the literature regarding its role in 
assessment of preterm birth. The ROI box measures 6x10mm with 
tissue within 80mm depth from the skin surface. Hence, some of 
the cases with deeper internal os and some with motion artifacts 
needs to excluded. The study can be extended for standardization 
of the elastography based on quantified results and lack of observer 
variability. Hence an average VTQ value in m/sec can be defined for 
the soft and hard cervix.

Fetal adrenal gland biometry: Fetal adrenal gland is an important 
but less studied subject for the prediction of the PTB. There is a 
cross-talk in between the fetal adrenal gland and placental endocrine 
pathways which are crucial for induction of labor. Fetal hypothalamic-
pituitary-adrenal axis (HPA) is activated in response to fetal stress 
which leads to perpetuation of hormonal based signaling pathway 
in the form of fetal adrenal enlargement,18 secretion of fetal cortisol, 
more placenta mediated conversion of the sterols into estrogens, 
increased placental Corticotropin-Releasing Hormone (CRH) and 
subsequently Prostaglandins (PGE2 & PGF2α).19,20 This pathway 
ultimately leads to induction of premature parturition and labor, hence 
can be correlated with central role of Fetal adrenal gland in prediction 
of PTB (Figure 4).

The Fetal adrenal gland is divided into 4 zones in the fetal life from 
inside to outside. They are “Fetal Zone” (FZ), “Transitional Zone” 
(TZ), “Definitive Zone” (DZ) and finally “fetal adrenal capsule” (C).21 
Activation of HPA axis leads to Fetal Zone Enlargement (FZE) and 
secretion of Dehydroepinadrosterone-Sulfate (DHEA-S). USG can 
identify the central Fetal zone as hyperechoic area and the length, width 
and depth of the FZ can be measured and divided by their respective 
widest dimensions (l/L; w/W and d/D) giving ratio or percentages 
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of the Fetal zone. Similarly, 2D & 3D volumetric assessment of the 
gland is also noted and divided by the estimated fetal weight giving 
corrected Adrenal gland volume (cAGV, in mm3/kg).

Assessment of the fetal zone can be done in symptomatic patients 
for calculation of the cAGV and % of the fetal zone (likely the depth 
d/D; in coronal plane). The studies have found significant correlation 
of cAGV and d/D of the gland with increased risk of the PTB.19,22 
These two parameters have been found superior to the cervical length 
measurement in prediction of time to delivery. Two-dimensional 
measurement of the depth of the adrenal fetal zone offers the potential 
to accurately predict PTB within 7days and is independent of the 
clinical signs and symptoms. The study by Turan et al.22 have given 
the predictive values for identification of the women at risk of PTB 
viz. cAGV>420mm3/kg and FZE (d/D)>49.7% which have shown 
81% and 100% sensitivity respectively with corresponding >85% 
specificity.

Figure 4 Magnified view of Ultrasound images of the fetal adrenal gland, 
(white arrows) in all three orthogonal planes, showing measurements of the 
fetal zone and corresponding widest dimension. (A) both adrenal glands in 
transaxial plane; (B) adrenal gland length; (C) adrenal gland width and (D) 
adrenal gland depth in Anterio-posterior axis. Asterisk (*) shows spine in the 
midline.

Conclusion
Ultrasonography is still developing in the field of preterm birth 

prediction and is providing a whole spectrum of reliable as well as 
quantitative markers, which can be utilized by the obstetrician and 
correlated with their clinical assessment. Cervical elastography is 
an advance application of USG and this combined with fetal adrenal 
biometry, requires standardization by multiple studies. However, the 
progression rests with a combined and complementary approach of a 
radiologist and an obstetrician to reach a fruitful outcome.

Acknowledgements
None.

Conflict of interest
Author declares that there is no conflict of interest.

References
1. Goldenberg RL, Culhane JF, Iams JD, et al. Epidemiology and causes of 

preterm birth. Lancet. 2008;371(9606):75‒84.

2. Blencowe H, Cousens S, Oestergaard MZ, et al. National, regional and 
worldwide estimates of preterm birth rates in the year 2010 with time 
trends since 1990 for selected countries: a systematic analysis and impli-
cations. Lancet. 2012;379(9832):2162‒2172.

3. Tin W, Wariyar U, Hey E. Changing prognosis for babies of less than 
28 weeks’ gestation in the North of England between 1983 and 1994. Br 
Med J. 1997;314(7074):107‒111.

4. Goldenberg R, Culhane J, Iams J, et al. Epidemiology and causes of pre-
term birth. Lancet. 2008;371(9606):75‒84.

5. Ness A, Visintine J, Ricci E, et al. Does knowledge of cervical length and 
fetal fibronectin affect management of women with threatened preterm 
labor? A randomized trial. Am J Obstet Gynecol. 2007;197(4):426.

6. Spong CY. Prediction and prevention of recurrent spontaneouspreterm 
birth. Obstet Gynecol. 2007;110(2 Pt 1):405‒415.

7. Sonek JD, Iams JD, Blumenfeld M, et al. Measurement of cervical length 
in pregnancy: comparison between vaginal ultrasonography and digital 
examination. Obstet Gynecol. 1990;76(2):172‒175.

8. Whittle WL, Fong KW, Windrim R. Cervical Ultrasound and Preterm 
Birth. Diagnostic Ultrasound. 4th ed. Philadelphia, USA; 2011. p. 
1528‒1530.

9. Mason GC, Maresh MJ. Alterations in bladder volume and the ultrasound 
appearance of the cervix. Br J Obstet Gynaecol. 1990;97(5):457‒458.

10. Iams JD, Goldenberg RL, Meis PJ. The length of the cervix and the risk 
of spontaneous premature delivery. National Institute of Child Health 
and Human Development Maternal Fetal Medicine Unit Network. N 
Engl J Med. 1996;334(9):567‒572.

11. Wozniak S, Czuczwar P, Szkodziak P, et al. Elastography in predicting 
preterm delivery in asymptomatic, low-risk women: a prospective obser-
vational study. BMC Pregnancy Childbirth. 2014;14:238.

12. Freund SM, Łoś TA, Preis K, et al. Prognostic value of elastography in 
predicting premature delivery. Ginekol Pol. 2014;85(3):204‒207.

13. Andrade HE, Hassan SS, Ahn H. Evaluation of cervical stiffness during 
pregnancy using semiquantitative ultrasound elastography. Ultrasound 
Obstet Gynecol. 2013;41(2):152‒161.

14. Thomas A, Kümmel S, Gemeinhardt O, et al. Real-time sonoelastogra-
phy of the cervix: tissue elasticity of the normal and abnormal cervix. 
Acad Radiol. 2007;14(2):193‒200.

15. Gallotti A, D’Onofrio M, Romanini L, et al. Acoustic Radiation Force 
Impulse (ARFI) ultrasound imaging of solid focal liver lesions. Eur J 
Radiol. 2012;81(3):451‒455.

16. D’Onofrio M, Gallotti A, Salvia R, et al. Acoustic radiation force impulse 
(ARFI) ultrasound imaging of pancreatic cystic lesions. Eur J Radiol. 
2011;80(2):241‒244.

17. Yijin SU, Lianfang DU, Ying WU, et al. Evaluation of cervical cancer 
detection with acoustic radiation force impulse ultrasound imaging. Exp 
Ther Med. 2013;5(6):1715‒1719.

18. Langlois D, Li JY, Saez JM. Development and function of the human 
fetal adrenal cortex. J Pediatr Endocrinol. 2002;15(5):1311‒1322.

19. Guler AE, Pehlivan H, Cakmak B, et al. Assessment of fetal adrenal 
gland enlargement in term and preterm labor cases. Int J Res Med Sci. 
2015;3(5):1035‒1040.

20. Dutta DC. Textbook of Obstetrics. 8th ed. New Delhi: Jaypee Brothers 
Medical Publishers Pvt Ltd; 2013. p. 134‒136.

21. Goto M, Piper Hanley K, Marcos J, et al. In humans, early cortisol bio-
synthesis provides a mechanism to safeguard female sexual develop-
ment. J Clin Invest. 2006;116(4):953‒960.

22. Turan OM, Turan S, Funai EF, et al. Ultrasound measurement of fetal 
adrenal gland enlargement: an accurate predictor of preterm birth. Am J 
Obstet Gynecol. 2011;204(4):311.

https://doi.org/10.15406/ijrrt.2017.02.00036
https://www.ncbi.nlm.nih.gov/pubmed/18177778
https://www.ncbi.nlm.nih.gov/pubmed/18177778
https://www.ncbi.nlm.nih.gov/pubmed/22682464
https://www.ncbi.nlm.nih.gov/pubmed/22682464
https://www.ncbi.nlm.nih.gov/pubmed/22682464
https://www.ncbi.nlm.nih.gov/pubmed/22682464
https://www.ncbi.nlm.nih.gov/pubmed/9006468
https://www.ncbi.nlm.nih.gov/pubmed/9006468
https://www.ncbi.nlm.nih.gov/pubmed/9006468
https://www.ncbi.nlm.nih.gov/pubmed/18177778
https://www.ncbi.nlm.nih.gov/pubmed/18177778
https://www.ncbi.nlm.nih.gov/pubmed/17904989
https://www.ncbi.nlm.nih.gov/pubmed/17904989
https://www.ncbi.nlm.nih.gov/pubmed/17904989
https://www.ncbi.nlm.nih.gov/pubmed/17666618
https://www.ncbi.nlm.nih.gov/pubmed/17666618
https://www.ncbi.nlm.nih.gov/pubmed/2196494
https://www.ncbi.nlm.nih.gov/pubmed/2196494
https://www.ncbi.nlm.nih.gov/pubmed/2196494
https://www.ncbi.nlm.nih.gov/pubmed/2196935
https://www.ncbi.nlm.nih.gov/pubmed/2196935
https://www.ncbi.nlm.nih.gov/pubmed/8569824
https://www.ncbi.nlm.nih.gov/pubmed/8569824
https://www.ncbi.nlm.nih.gov/pubmed/8569824
https://www.ncbi.nlm.nih.gov/pubmed/8569824
https://www.ncbi.nlm.nih.gov/pubmed/25041946
https://www.ncbi.nlm.nih.gov/pubmed/25041946
https://www.ncbi.nlm.nih.gov/pubmed/25041946
https://www.ncbi.nlm.nih.gov/pubmed/24783432
https://www.ncbi.nlm.nih.gov/pubmed/24783432
https://www.ncbi.nlm.nih.gov/pubmed/23151941
https://www.ncbi.nlm.nih.gov/pubmed/23151941
https://www.ncbi.nlm.nih.gov/pubmed/23151941
https://www.ncbi.nlm.nih.gov/pubmed/17236992
https://www.ncbi.nlm.nih.gov/pubmed/17236992
https://www.ncbi.nlm.nih.gov/pubmed/17236992
https://www.ncbi.nlm.nih.gov/pubmed/21330078
https://www.ncbi.nlm.nih.gov/pubmed/21330078
https://www.ncbi.nlm.nih.gov/pubmed/21330078
https://www.ncbi.nlm.nih.gov/pubmed/20630676
https://www.ncbi.nlm.nih.gov/pubmed/20630676
https://www.ncbi.nlm.nih.gov/pubmed/20630676
https://www.ncbi.nlm.nih.gov/pubmed/23837060/
https://www.ncbi.nlm.nih.gov/pubmed/23837060/
https://www.ncbi.nlm.nih.gov/pubmed/23837060/
http://www.msjonline.org/index.php/ijrms/article/view/1438
http://www.msjonline.org/index.php/ijrms/article/view/1438
http://www.msjonline.org/index.php/ijrms/article/view/1438
https://www.ncbi.nlm.nih.gov/pubmed/16585961
https://www.ncbi.nlm.nih.gov/pubmed/16585961
https://www.ncbi.nlm.nih.gov/pubmed/16585961
https://www.ncbi.nlm.nih.gov/pubmed/21292230
https://www.ncbi.nlm.nih.gov/pubmed/21292230
https://www.ncbi.nlm.nih.gov/pubmed/21292230

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Discussion
	Sonography of cervix 
	Cervical elastography 

	Conclusion
	Acknowledgements
	Conflict of interest 
	References
	Figure 1
	Figure 2
	Figure 3 
	Figure 4

