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Abstract:

Objective 

The early identification of women with p-PROM who are at higher risk of 
imminent delivery remains challenging. The aim of our study was to 
evaluate if an increased echogenicity of the amniotic membranes may 
represent a sonographic marker of impending delivery in women with p-
PROM. 

Study design 

This was a prospective study including women with singleton 
pregnancies and diagnosis of p-PROM between 22-37 gestational weeks. 
A sonographic examination was performed within 24 hours from the 
hospital admission and the appearance of the amniotic membranes close 
to the internal os was specifically evaluated. The membranes were 
defined as hyperechoic when their echogenicity was similar to that of the 
fetal bones or normoechoic in the other cases. The primary aim of the 
study was to compare the admission to spontaneous onset of labor 
interval and the pregnancy outcome between the cases of p-PROM with 
and without hyperechoic membranes. 

Results 

Overall, 45 women fulfilled the inclusion criteria with similar 
characteristics at admission. In women with hyperechoic membranes the 
admission to spontaneous onset of labor  interval was significantly 
shorter (3.93.5 vs 19.921.9 p=0.04) compared to women with 
normo-echoic membranes. At binomial logistic regression after 
adjustment for GA at hospital admission the presence of hyperechoic 
membranes was found as the only independent predictor of spontaneous 
onset of labor 72 hours (aOR: 6.1; 95% CI: 1.0-36.9) 

Conclusion 

https://mc.manuscriptcentral.com/jpmed
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The presence of hyperechoic membranes is associated with a 6-fold 
higher incidence of spontaneous onset of labor within 72 hours 
independently from the gestational age at p-PROM. 
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Reviewer 1 

This was a prospective study including singleton pregnancies between 22-37 gestational weeks with

specific inclusion criteria. The membranes were defined as hyperechoic when their echogenicity

was similar to that of the fetal bones and were evaluated by transvaginal ultrasound.

The aim of the study was to evaluate if an increased echogenicity of the amniotic membranes may

represent a sonographic marker of impending delivery in p-PROM patients.

The authors concluded that there was a shorter interval between the diagnosis of pPROM and

admission to delivery. Moreover, the presence of hyperechoic membranes was found as the only

independent predictor of delivery within 72 hours.

Although this use of the ultrasound marker is fast, simple and usable in any hospital, there are

several main limitations of the study, which represent the most important critical issues.

 The aim is different in the introduction and in the discussion: does the neonatal outcome

represent an aim or not?

R. Thank you for this comment. The neonatal outcome was not the primary outcome of our 

study As stated in Materials and Methods section, the primary aim of our study was to 

compare the admission to delivery interval and the pregnancy outcome between the cases of 

p-PROM with and without hyperechoic membranes. The discussion has been mostly focused 

on the possible explanation of the biochemical process which may cause the increased 

echogenicity of the amniotic membranes and eventually lead to a shorter interval between 

premature rupture of membranes and onset of labor . However, although the neonatal 

outcome was not the primary aim of our study, we feel appropriate to point out that the 

prediction of the latency time in women presenting with p-PROM allows the optimization of 

antenatal care thus improving the neonatal outcome itself. 

 From a statistical point of view:
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- Given the low patients’ number, was it convenient to use the median and the ranges

rather than the mean and standard deviation?

R. We thank the reviewer for this smart comment. We have changed the tables and 

the text using median and ranges.  

- On several occasions, the SD is greater than the average itself: this seems to be the

expression of a non-homogeneous sample.

R. Thank you for this observation. Following appropriate tests for normality and 

homogeneity, between-groups comparison of continuous variables has been carried out 

using T-test and the Mann-Whitney non parametric equivalent test. 

In accordance with the reviewer’s observation we have provided a more detailed statistical 

description in the appropriate section of the manuscript 

- Given the low size of the sample with hyperechoic membranes, the results obtained

could be secondary to chance, not to a real statistical difference.

R: we are aware that our sample size is small (this is actually acknowledged as a study 

limitation) and that these observations need to be confirmed by larger studies; however, 

appropriate statistical tests seem to confirm that our results are statistically significant and 

not secondary to chance.

 The methodological description relating to the interpretation of the image is missing:

- if the three experts were blinded to each other

- if the ultrasound machine was the same for all the experts and if not, which technical

difference was present

- the correct setting for displaying the membranes

- above all, the inter-sonographer coefficient of variability, which can express the

agreement among the expert and the ease of interpretation.
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R. we thank the reviewer for these methodological observations. As explained in the text, 

ultrasound images were reviewed in consensus, at the same time, by three expert 

sonographers (all with more than 10 years of experience in prenatal ultrasound) to 

qualitatively evaluate the presence/absence of hyperechoic membranes; they were not 

blinded to each other.  All transvaginal examinations were performed using a 5.0-7.0 MHz 

transvaginal transducers (General Electric Voluson E6; Samsung HS60) using the standard 

factory settings for 2nd-3rd trimester evaluation and the bone (eg. fetal skull) as reference. 

This has been more clearly specified in the text.

The study was not designed to assess inter-sonographer variability, as images were 

reviewed in consensus. The need for further studies to evaluate the reproducibility has been 

mentioned among the conclusions.

 The different gestational week at the entrance could explain the lower latency in the group

of hyperechoic membranes.

R: thank you for this comment that gives us the opportunity to better clarify some points. As 

reported on table 2, the more advanced gestational age at admission in the hyperechoic 

membranes group was not significantly different compared with the controls (p 0.06). 

Moreover, as shown on table 3, at multiple logistic regression (adjusted for all potential 

confounders including gestational age at admission) hyperechoic membranes were 

confirmed as the only significant and independent predictor of the risk of delivery <72 h. 

 The absence of placenta and membranes histological investigation in most patients does not

allow the inclusion of this variable in the descriptive table. It also represents one of the major

limitations of the study, since the verification of the presence of an inflammatory / infectious

state would have supported the explanation that the authors give in the discussion about

the hyper-echogenicity of the membranes (the authors do not consider other explanations
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about it). Moreover, the neonatal outcome, here absent, it is also influenced by a condition

of chorioamnionitis, as well as by the gestational age and neonatal co-morbidities.

R: Thank you for this smart observation. We agree with the reviewer on the fact that due to 

the lack of histological investigations, this variable should be removed from the descriptive 

table and we have amended Table 2 accordingly. However, we respectfully disagree with 

the reviewer about the fact that we did not considered other explanations except the 

inflammatory state. As stated in the discussion (Interpretation Section), we have 

acknowledged other factors including mechanical stress and bleeding among the factors 

which may initiate the inflammatory cascade responsible for the biochemical and 

histological changes of the “weak zone”.

 The tables lack of any measurement units and the metric reference.

R. Thank you. We have amended the manuscript adding the measurement units in the tables. 

 The references they are not homogeneous each other.

R. Thank you, the references have been changed according to the journal style. 

 The second image does not allow a clear visualization of the membrane. As in the previous

point, this technical aspect becomes crucial.

R. We agree with the reviewer about this point. However, this is the only available image of 

a pPROM with a fetus in breech presentation where the iliac bones are visible and can be 

used as a reference to confirm the increased echogenicity of the amniotic membranes. We 

therefore submitted it even if its quality is suboptimal. 

If required, we can delete this image or add another with a fetus in cephalic presentation. 

This is a promising study, but it requires an increase in the sample size and a greater

methodological definition.
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R. we thank the reviewer for his encouraging evaluation. We are aware that further studies 

are needed in order to evaluate the reproducibility of this sign, and to elucidate whether its 

introduction in the ultrasound assessment of women with p-PROM may improve the 

identification of those at higher risk of spontaneous labor or infection/inflammation in the 

short term. Furthermore, thanks to the Reviewer’s suggestions, the methodological definition 

has been improved. 

Reviewer: 2

Comments to the Author

Volpe and colleagues performed a very interesting study on a new ultrasound sign to predict the 

interval to spontaneous delivery in 45 women with diagnosis of pPROM. The methodology of the 

study is overall good and well explained in the methods section. However, there are some major 

points that need to be addressed. 

1. The main conclusion of the study is that “the presence of hyperechoic membranes is associated 

with a 6-fold higher incidence of spontaneous onset of labor within 72 hours independently from 

the gestational age at p-PROM”. This conclusion cannot be stated since the logistic regression 

analysis shows that hyperechoic membranes are associated to a spontaneous delivery <72 hours 

with an adjusted OR 6.1; 95% CI: 1.0-36.9 (Table 3). Since the CI includes 1.0 this result is not 

statistically significant (Hyperechoic membranes cannot be considered either protective nor harmful 

for the outcome). Therefore, Discussion and Conclusion sections should be corrected accordingly.

R: We thank the reviewer for this comment that gives us the opportunity to better clarify 

some points. The exact value of CI is 1.04-36.88 (we had previously rounded to only a 
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decimal throughout the whole text) and the p-Value for this association is in fact 0.04; we 

have specified p-values in the table.

For this reason, we retain that discussion and conclusion do not require to be changed.

The univariate analysis in Table 3 includes 37 women grouped according to spontaneous delivery > 

or < 72 hours (excluding 7 women with IOL and 1 elective CS). However, in the Results section 

authors state that only 24/37 (64.9%) women with spontaneous onset of labor delivered with 

vaginal delivery (page 8 line 3). Authors should clarify whether the univariate analysis includes also 

women with spontaneous onset of labor that delivered by urgent CS, which should be 13/37 

(35.1%) according to the Results section. If that is the case, authors should point out the major 

indications for urgent CS in the included cases and include the delivery by urgent CS in the 

univariate analysis and evaluate whether this variable could affect the relationship between the 

presence of hyperechoic membranes and the interval to delivery in the included women.

R. We thank the reviewer for this smart observation. Of course, in the univariate analysis 

also women with spontaneous onset of labor that delivered by urgent CS in labor have been 

included. By mistake the header of 2 columns of table 3 in the original version was 

spontaneous delivery > or <72 hours but in fact the correct header is spontaneous onset of 

labor (and not delivery)  before or after 72 hours from the admission. This error has been 

amended in the revised version of table 3, and we apologize for this inaccuracy which may 

have caused confusion. The indications to urgent CS in labor have been now specified in the 

text: breech presentation in 3/13 cases, CTG anomalies in 5/13 cases, intrapartum 

hemorrhage in 1 case and labor arrest in 4/13 cases.  Urgent CS done in labor had been 

originally included in the univariate analysis (comparing women with spontaneous onset of 

labor before or after 72 hours from pPROM). Of course since all cases of CS but one have 

been performed during labor after its spontaneous onset, the relationship between the 
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presence of hyperechoic membranes and the admission to delivery interval was not affected 

by the mode of delivery itself (CS vs vaginal delivery).  

3. Minor revision of English language should be performed

Page 4 Line 49: “analysed” instead of “sent”

Page 4 Line 39: “avoided” instead of “prohibited”

R: thank you. The text has been amended accordingly. 

Page 5 Line 3 Clarify “At transabdominal ultrasound following the confirmation of fetal viability 

and the scarcity or lack of amniotic fluid the estimated fetal weight were determined”

R: We thank the reviewer for the comment. As suggested, this sentence has been made more 

clear in the revised version of the manuscript 

Page 6 Line 5 “fetal adnexa” instead of “adnexa”; “histopathological examination” instead of 

“pathology”.

R: The text has been amended accordingly.

References:

Please follow Journal style, see attachment

R: The text has been amended accordingly.
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Hyperechoic amniotic membranes in patients with preterm premature rupture of membranes 

(p-PROM) and pregnancy outcome

ABSTRACT 

Objective

The early identification of women with p-PROM who are at higher risk of imminent delivery remains 

challenging. The aim of our study was to evaluate if an increased echogenicity of the amniotic 

membranes may represent a sonographic marker of impending delivery in women with p-PROM. 

Study design

This was a prospective study including women with singleton pregnancies and diagnosis of p-PROM 

between 22-37 gestational weeks. A sonographic examination was performed within 24 hours from 

the hospital admission and the appearance of the amniotic membranes close to the internal os was 

specifically evaluated. The membranes were defined as hyperechoic when their echogenicity was 

similar to that of the fetal bones or normoechoic in the other cases. The primary aim of the study was 

to compare the admission to spontaneous onset of labordelivery interval and the pregnancy outcome 

between the cases of p-PROM with and without hyperechoic membranes. 

Results 

Overall, 45 women fulfilled the inclusion criteria with similar characteristics at admission. In women 

with hyperechoic membranes the admission to spontaneous onset of labor delivery interval was 

significantly shorter (3.93.5 vs 19.921.9 p=0.04) compared to women with normo-echoic 

membranes. At binomial logistic regression after adjustment for GA at hospital admission the 

presence of hyperechoic membranes was found as the only independent predictor of spontaneous 

onset of labor delivery 72 hours (aOR: 6.1; 95% CI: 1.0-36.9)
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2

Conclusion 

The presence of hyperechoic membranes is associated with a 6-fold higher incidence of spontaneous 

onset of labor within 72 hours independently from the gestational age at p-PROM.

Keywords: p-PROM, membranes, latency, preterm delivery

List of abbreviation 

p-PROM: preterm premature rupture of membranes

CPR: C-reactive protein

WBC: white blood cell 

CTG: CardioTocoGraphy

BMI: Body Mass Index 
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INTRODUCTION

Premature rupture of membranes (PROM) occurring before 37 weeks of gestation is defined preterm 

PROM (p-PROM) and complicates up to 3% of pregnancies accounting for about one-third of preterm 

births [1]. 

In clinically stable cases with no signs of maternal infections or uterine contractions expectant 

management is currently recommended up to 34 or even 36 weeks of gestation while elective delivery 

is considered thereafter since the risk of intrauterine infection outweighs the benefit of prolonging the 

pregnancy [2].

Hospital admission is usually offered to all asymptomatic women with p-PROM from 24 weeks 

onward with the aim of providing antepartum surveillance and appropriate intrapartum and neonatal 

care in case of preterm birth [3,4]. However, the temporal interval between the pPROM and the 

spontaneous onset of labor is extremely variable and may range from a few hours to several weeks 

[5,6]. 

Accurate and timely identification of those women with p-PROM who are at risk of impending 

preterm labor or chorioamnionitis would be desirable [7-9]. In these cases, strict clinical monitoring, 

steroids with or without magnesium sulphate administration and transfer to a center with neonatal 

intensive care facilities, are warranted to improve the neonatal outcome [3,4,10,11]. 

Corticosteroids in particular have been shown to improve the outcome of preterm neonates if 

administered within 2-7 days from birth while this benefit is uncertain if delivery occurs at more than 

a week from their administration [12-14]. 

To date, the early identification of women with p-PROM who are at higher risk of imminent delivery 

remains challenging [15].  Clinical and laboratory findings as the cervical length at transvaginal 

ultrasound have been shown to be poor predictors of the actual risk of impending delivery, while the 

intraamniotic assessment of inflammatory markers although promising is not widely available and 

easy to perform [16-21]. 
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An increased thickness of the membranes as a marker of impending delivery has been also evaluated 

by some with not encouraging results [22,23]. As suggested by earlier studies [24,25], it is plausible 

to hypothesize that the inflammatory milieu which characterizes the choriodecidual interface before 

the clinical onset of preterm labor may alter the sonographic features of the amniotic membranes [26]. 

The aim of our study was to evaluate if an increased echogenicity of the amniotic membranes may 

represent a sonographic marker of impending delivery in women with p-PROM.

 

MATERIALS AND METHODS

Study design and population

This was a prospective study conducted at the University Hospital of Parma between February 2019 

and March 2020. Women with singleton pregnancies and diagnosis of p-PROM between 22-37 

gestational weeks were enrolled based on the availability of one of the investigators.

Gestational age was calculated from crown-rump length measure at 11+0-13+6 weeks’ gestation [27].

Exclusion criteria were abnormalities of placentation, previous diagnosis of uterine malformations, 

cervical cerclage, fetal abnormalities and congenital infections, presence of uterine contractions and 

delivery within 12h from the p-PROM. The criteria for the diagnosis of p-PROM included clinical 

diagnosis of rupture based on the presence of amniotic fluid leakage from the cervical os during sterile 

speculum examination and confirmation by biochemical tests [28]. Active labor was defined by a 

fully effaced, >6 cm dilatated cervix coupled with >3 contractions in 10 minutes recorded at 

tocography.

Upon admission, cervical and vaginal swabs and mid-stream urine culture were collected and a blood 

sample including white blood count (WBC)  and C-reactive protein (CRP) was analysedanalyzedsent. 

Further digital examinations were avoidedprohibited in absence of signs of active labor. 

Management 
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In the study group a targeted sonographic examination was performed transabdominally and 

transvaginally within 24 hours from the hospital admission by an expert examiner who was in charge 

of this research project and not involved in the clinical management of the patients. At transabdominal 

ultrasound following the confirmation of fetal viability and the scarcity or lack of amniotic fluid the 

estimated fetal weight were determined. At transabdominal ultrasound, following the confirmation of 

fetal viability, the estimated fetal weight was determined.  

All transvaginal examinations were performed using multifrequency real-time transducers. Two 

ultrasound machines have been used for this study, a Samsung HS60 (2.0-11.0 MHz transvaginal 

probe, Samsung Medison Co Ltd, Seoul, South Korea), and a General Electric Voluson E6 (3.0-10.0 

MHz, GE Medical Systems, Zipf, Austria). The standard factory settings for 2nd-3rd trimester 

evaluation have been used for the transvaginal examinations, and the fetal bone (e.g. skull) has been 

used as reference to define membranes echogenicity.

The cervical length was measured transvaginally along its longitudinal axis with empty bladder, from 

the internal to the external os. During the transvaginal examination, the presence of a caput 

succedaneum was noted and the sonographic appearance of the amniotic membranes close to the 

internal os was specifically evaluated. The sonographic pictures were stored on the ultrasound 

machine and assessed in consensus by the three main study investigators. 

 The membranes were defined as hyperechoic when their echogenicity was similar to that of the fetal 

bones (either skull, femur or sacrum pelvic bones depending upon the fetal presentation) (Figure 1, 

Figure 2), or normoechoic in the other cases (Figure 3). 

All transvaginal examinations were performed using multifrequency real-time transducers. Two 

ultrasound machines have been used for this study, a Samsung HS60 (2.0-11.0 MHz transvaginal 

probe, Samsung Medison Co Ltd, Seoul, South Korea), and a General Electric Voluson E6 (3.0-10.0 

MHz, GE Medical Systems, Zipf, Austria). The standard factory settings for 2nd-3rd trimester 

evaluation have been used for the transvaginal examinations, and the fetal bone (e.g. skull) has been 

used as reference to define membranes echogenicity.The transvaginal ultrasound findings were not 
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6

revealed to the clinicians whose clinical management was blinded to the appearance of the 

membranes.

The sonographic pictures were stored on the ultrasound machine and assessed in consensus by the 

three main study investigators. Ultrasound images were reviewed in consensus by the three main 

study investigators expert sonographers to qualitatively evaluate the presence/absence of hyperechoic 

membranes. The transvaginal ultrasound findings were not revealed to the clinicians whose clinical 

management was blinded to the appearance of the membranes.

All women received antibiotics (ampicillin 2 g intravenously every 6 hours and azithromycin 500 mg 

intravenously daily for 2 days, followed by oral ampicillin 250 mg every 8 hours and azithromycin 

500 mg daily for 5 day) and antenatal steroids from 24 weeks of gestation. Blood samples for white 

blood cells (WBC) and were collected at admission and on alternate days [3,4]. 

Maternal surveillance was based on daily monitoring of clinical signs of chorioamnionitis including 

temperature, heart rate, uterine tenderness, vaginal discharges with laboratory tests (white blood cells 

and C-Reactive Protein) collected at admission and on alternate days. Fetal surveillance was carried 

out by means of daily CardioTocoGraphy (CTG) and biweekly transabdominal ultrasound with 

umbilical Doppler. The residual amount of amniotic fluid was not sonographically assessed.

Delivery was expedited in cases of suspected chorioamnionitis or fetal compromise while in clinically 

stable cases a policy of expectant management was adopted until 37+0 weeks of’ gestation with the 

exception of those cases with a documented Group B streptococcus infection, ins whom elective 

delivery was carried out at 34+0   weeks of’ gestation2. Chorioamnionitis was suspected in accordance 

with the Triple I criteria [29]. Spontaneous preterm labor was not inhibited by tocolytic and in case 

of delivery <32+0 weeks magnesium sulphate for neuroprotection was administrated at least 2 hours 

before delivery. Based on obstetric indications elective delivery was carried by means of induction 

Page 14 of 41

https://mc.manuscriptcentral.com/jpmed

Journal of Perinatal Medicine

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

7

of labor (IOL) or CS. Placental and fetal adnexa specimen was not sent for histopathological 

examinationpathology on a routine basis.

Demographic and clinical details of each pregnancy were retrieved from medical records. 

Outcome 

The primary aim of the study was to compare the admission to delivery spontaneous onset of 

labordelivery interval and the pregnancy outcome between the cases of p-PROM with and without 

hyperechoic membranes. 

Statistical analysis 

Statistical analysis was performed using Statistical Package for Social Sciences (SPSS) v. 22 (IBM 

Inc., Armonk, NY, USA).  Data were shown as median [Interquartile Range]mean±standard deviation 

(SD) or as number (IQRpercentage). Between-group comparison of continuous variables was 

undertaken using T-test and the Mann-Whitney nonparametric equivalent test while cCategorical 

variables were compared using the Chi-square or Fisher exact test.  Binomial logistic regression was 

used to assess the strengths of the variables significantly different at the univariate analysis 

(gestational age at p-PROM, presence of hyperechoic membranes) and spontaneous onset of labor 

delivery within 72 hours; data were expressed as Odd Ratio (OR) and 95% Confidence Interval (CI). 

A Kaplan-Meier analysis was used to assess the latency time in women with and without hyperechoic 

membranes. Two-sided p-values were calculated and p-values <0.05 were considered as statistically 

significant.   The study was performed following the STROBE guidelines [30].  

The study was approved by the local Ethics Committee (1007/2019).

RESULTS

Over the study period 89 women were admitted with a diagnosis of p-PROM at our Maternity 

Hospital and 75 were evaluated for the study purpose; hyperechoic membranes were described in 

14/75 cases (18.6 %). Of them, 45 women fulfilled the inclusion criteria and were included in the 
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study; the medianan cervical length at admission was 26.0[18.0-32.0]25.510.1 mm and 11 women 

presented hyperechoic membranes (Figure 4).

Medianan gestational age at admission was 30.6[26.6-34.3]04.37 weeks with a median gestational 

age at delivery of an admission to delivery 34.0[29.7-35.4] weeks interval of 16.819.8 days (Table 

1). Overall, vaginal delivery was achieved in 31/45 (68.9%) patients, following spontaneous onset of 

preterm labor in 24/37(64.9%) and IOL in 7/7 (100%) cases; Urgent CS during labor was performed 

in 13 cases with the following indications: breech presentation in 3/13 cases, CTG anomalies in 5/13 

cases, abruptio placentaintrapartum hemorrhagee in 1 case and labor dystociaarrest in 4/ 13 cases.  

elective Scheduled Caesarean Section (CS) was performed in 1/45(2.2%) case due to for breech 

presentation. Overall One one case of suspected chorioamnionitis was observed. Urgent CS during 

labor was performed in 13 cases with the following indications: breech presentation in 3/13 cases, 

CTG anomalies in 5/13 cases, abruptio placentae in 1 case and labor dystocia in 4/13 cases.

Maternal and pregnancy characteristics of the included women with normo-echoic and hyper-echoic 

membranes women are reported in Table 2. Gestational age (29.9[25.8-33.2]32.24.1 vs. 34.6[29.4-

35.1]29.34.3 p=0.06) and cervical length at admission (27.6[18.8-33.8] vs. 24.0[17.0-27.5] 

p=0.1826.710.7 vs. 21.97.4; p=0.18) were comparable not significantly different between the two 

groups. In women with hyperechoic membranes the admission to spontaneous onset of labor 

deliverydelivery interval was significantly shorter (11.5[5.3-25.0] vs. 3.0[1.5-9.0]3.93.5 vs 

19.921.9 p=0.04). At binomial logistic regression after adjustment for gestational age at hospital 

admission the presence of hyperechoic membranes was found as the only independent predictor of 

spontaneous onset of labordeliverydelivery 72 hours (aOR: 6.1; 95% CI: 1.0-36.9) (Table 3).aOR: 

6.1; 95% CI: 1.0-36.9; p=0.04) (Table 3).  

At Figure 5 the proportion of undelivered patients with and without hyperechoic membranes 

according to latency time is displayed.
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DISCUSSION

Main findings 

Among women with p-PROM the presence of hyper-echoic amniotic membranes seems associated 

with a shorter latency from p-PROM to spontaneous onset of labordelivery. More importantly, our 

results demonstrate that the presence of hyperechoic membranes is associated with a 6-fold higher 

incidence of spontaneous onset of labor within 72 hours independently from the gestational age at p-

PROM. Interestingly, women with and without hyper-echoic amniotic membranes had similar 

characteristics at admission with no difference in parity, maternal age and BMI, inflammatory indices 

(CPR, WBC count) and incidence of genito-urinary infections. Of note, a shorter cervical length was 

found in women with hyper-echoic membranes compared with women with normo-echoic 

membrane. However, this difference was not statistically different and may also depend on the non 

significantly more advanced gestational age at admission among the women with hyperechoic 

membranes. 

Interpretation 

The portion of the amniotic membranes overlying the cervix and the lower uterine segment (LUS) 

has been previously identified as the “weakest zone” of the fetal membranes whose biochemical and 

histological properties are different from those of the remaining amnion. make this zone more 

susceptible to rupture in presence of a repetitive stretching process, as contractions [31]. 

The mechanisms leading to the development of this weak zone with its biochemical peculiarities is 

still not well understood. Infection, inflammation, mechanical stress, bleeding are among the 

acknowledged factors which may initiate the inflammatory cascade responsible for the biochemical 

and histological changes of the “weak zone”. In women with preterm PROM an increased 

echogenicity of the amniotic membranes overriding the cervix may reflect the early inflammatory 

changes which characterize the weakest zone when the biochemical cascade of labor has been 

triggered30. Ultrasound features of other known fetal inflammatory conditions such as echogenic 

bowel or meconium peritonitis or myocarditis or encephalitis are characterized by a higher 
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echogenicity. Independently from the causal agent, in case of inflammatory response, the common 

pathway is represented by exudation and tissue edema.  This can show up as bright areas on ultrasound 

as bright areas [32,33]. Similarly, overall loss of water, collagen degradation, over-production of 

inflammatory proteins may all be responsible for the increased echogenicity and thickness of the 

amniotic membranes overlying the cervix and these sonographic signs may possibly reflect an 

advanced stage of the inflammatory process leading to preterm labor. 

Previous studies

A few studies have previously investigated some ultrasound markers which might predict the time to 

delivery interval among women with premature rupture of membranes. Some authors [34] 

hypothesized that a thickened myometrium at the time of p-PROM may be predictor of a longer 

latency before the spontaneous onset of labor and demonstrated that a fundal myometrial thickness 

<8.1 mm had a sensitivity of 55.6% and a specificity of 88.9% in predicting labor onset <48h.  

Given the evidence that the activation of the biochemical cascade leading to preterm labor is expected 

to involve at once the amniotic membranes and the cervix, further studies evaluated the role of 

cervical length in predicting latency time. In 2015, Mehra et al. [21] demonstrated that a shorter 

cervical length and an Amniotic Fluid Index (AFI) <5 cm independently predict delivery within 7 

days in women presenting with p-PROM. In addition, they found that the combination of an AFI >5 

cm and cervical length >2 cm greatly improved the potential to remain undelivered at 7 days with a 

negative predicting value (NPV) of 93%. However, these same ultrasound findings yielded a poor 

positive Predictive Value (PPV) in heralding an impending delivery and their diagnostic accuracy 

was dependent from gestational age at p-PROM.  

In the last 25 years increased levels of cytokines or Metalloproteinases (MMP) in the amniotic fluid 

have been extensively investigated in women with p-PROM and proposed as a reliable marker of 

intraamniotic infection or inflammation [35-37] and ultimately of impending delivery alone or in 

combination with a short cervical length [16]. Unfortunately, the use and the availability of these tests 

in clinical practice has been limited by the necessity to retrieve amniotic fluid by amniocentesis in 
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women with p-PROM. Under these circumstances amniotic fluid sampling may be challenging due 

to the limited amount of amniotic fluid and may iatrogenically increase the risk of iatrogenic 

infections. The recent development of a bedside test based on the IL-8 dosage in the amniotic fluid 

retrieved from the cervical canal is expected to offer promising results in the timely identification of 

cases at higher risk of impending preterm delivery. A preliminary study demonstrated that cervical 

fluid IL-8 concentrations ≥9.5 ng/ml had significantly higher sensitivity than a transabdominally 

obtained amniotic fluid WBC count in the identification of intra-amniotic inflammation/infection 

using as gold standard a positive culture for bacteria or an MMP-8 >23ng/mL (91% vs 75%; p<0.05) 

[38].

Clinical implication 

The prediction of the latency time in women presenting with p-PROM is a crucial issue for both 

clinicians and patients. More specifically, the use of a simple ultrasound marker which may predict 

spontaneous onset of labordelivery within 72 hours may be valuable in improving the clinical 

management of these cases. In particular, identifying those women at higher risk of impending 

preterm delivery allows to optimize the timing of antenatal steroids administration and to select those 

women with p-PROM who require hospitalization in a tertiary care center. 

Strengths and limitation 

The prospective design of the study, its originality, the standardization of the clinical management 

and the sonographic assessment performed by expert examiners are among the main strengths of this 

work. On the other hand, the small sample size, the subjective assessment of amniotic membranes 

echogenicity and the lack of longitudinal and follow-up data on neonates represent its major 

limitations. Although the echogenicity of fetal bones is used as a reference, the assessment and the 

definition of hyper-echoic membranes remains a qualitative and subjective evaluation.

Finally, the histology of fetal adnexa was not requested in all cases and this did not allow us to 

investigate the correlation between the ultrasound findings and the specimen appearance; however, 

we do not think that this represents a major issue as our primary study aim was to evaluate the 
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occurrence of a clinical outcome such as the onset of spontaneous labor in women rather than the 

incidence of histological chorioamnionitis which is commonly described in more than 1/3 of p-PROM 

without relevant clinical consequences [39,40].  

Conclusion

In conclusion, the presence of hyperechoic amniotic membranes overriding the cervix may anticipate 

an imminent preterm delivery in women presenting with p-PROM.  Further studies are needed in 

order to evaluate the reproducibility of this sign, and to elucidate whether its introduction in the 

ultrasound assessment of women with p-PROM may improve the identification of those at higher risk 

of spontaneous labor or infection/inflammation in the short term for whom a closer clinical 

surveillance and transfer to tertiary care facilities is warranted. 
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Table 1. General characteristic of included population 

n=45

Maternal age (years) 33.0[29.0-35.0]2.35.4

BMI (Kg/m2) 24.0[22.0-

27.0]24.54.5
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Nulliparous 21(46.7)

Caucasian 33(73.3)

Smoke 4(8.9)

Gestational Age at admission 

(weeks)

30.6[26.6-

34.3]0.04.37

Gestational Age at delivery

(weeks)

34.0[29.7-35.4]2.53.7

Genito-urinary infections 31(68.9)

Cervical lenght  at admission 

(mm)

26.0[18.0-

32.0]5.510.1

Hyperechoic membranes 11(24.4)

Spontaneous onset of labor 37(82.2)
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Table 2. Maternal, pregnancy and neonatal characteristics of women with normo-echoic and hyper-echoic 
membranes 
 

Normo-echoic 

membranes 

(n=34)

Hyper-echoic

membranes

 (n=11)

p value

Maternal Age (years) 33.0[28.3-35.0]32.45.4 32.0[29.5-35.0]31.95.6 0.83

Caucasian 25(73.5) 8(72.7) 0.96

Pre-pregnant BMI

(Kg/m2)
25.0[22.0-27.0]24.94.7 22.0[21.5-25.0]23.03.1 0.21

Smoke 3(8.8) 1(9.1) 0.90

Nulliparous 16(47.1) 5(45.5) 0.93

WBC at diagnosis

(n x109/L)

11.4[8.8-13.2]11.63.1 11.2[10.0-12.6]10.92.7 0.56

CRP at diagnosis 6.0[3.2-13.0]13.321.2 5.2[3.3-7.8]6.45.0 0.31
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(mg/L)

WBC maximum value

(n x109/L)

13.0[10.7-15.5]14.04.6 13.1[10.0-14.5]12.73.1 0.41

PCR maximum value

(mg/L)
11.6[6.1-18.8]22.830.8 6.2[4.8-17.7]17.425.9 0.63

Genito-urinary 

infections

23(67.6) 8(72.7) 0.75

Cervical Length

at admission (mm)
27.0[18.8-33.8]26.710.7 24.0[17.0-27.5]21.97.4 0.18

Gestational Age at 

admission (weeks)
29.9[25.8-33.2]29.34.3 34.6[29.4-35.1]32.24.1 0.06

Latency time from p-

PROM to 

spontaneous onset of 

labor 

(days)

11.5[5.3-25.0]19.921.9 3.0[1.5-9.0].93.5 0.04

Hyperpyrexia during 

latency period

5(14.7) 1(9.1) 0.63

Birthweight

 (grams)

1953.0

[1283.0-

2338.0]838.2652.0

2350.0

[1763.0-

2338.0]2119.6625.6

0.22

Oligohydramnios 13(38.2) 3(27.3) 0.63

Spontaneous onset of 

labor 

28(82.3) 9(81.8) 0.97

Arterial pH 7.3[7.2-7.4]300.1 7.3[7.2-7.3]270.04 0.51

Hystological diagnosis 

of chorioamniositis

12/22

(54.5)

2/6

(33.3)

0.36

WBC: White Blood Cells; CPR: C-Reactive Protein
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Table 3. Univariate analysis and association of independent variables with the risk of spontaneous 

onset of labor delivery 72 hours by multiple logistic regression
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Spontaneous 

onset of labor 

delivery >72 

hours

(n=26)

Spontaneous 

onset of 

labordelivery 

72 hours

(n=11)

p-value Crude OR

95%CI

Adjusted* OR 

95%CI

Maternal age 33.0[29.3-

34.8]32.55.5

31.0[27.5-

36.5]2.35.4

0.92 - -

BMI (Kg/m2) 25.5[22.0-

28.0]25.64.9

23.0[20.5-

26.5]23.13.8

0.13 - -

Nulliparous 11(42.3) 7(63.6) 0.23 - -

Caucasian 17(65.3) 9(81.8) 0.32 - -

Gestational Age at 

admission 

(Weeks)

28.6[25.8-

31.5]28.84.1

34.7[29.6-

35.5]32.34.2

0.03 1.24

(1.0-1.5)

1.16

(0.9-1.4)

WBC admission

(n x109/L)

11.2[8.8-

13.3]11.32.9

11.2[10.1-

12.6]12.03.3

0.57 - -

CPR at admission

(mg/L)

6.0[3.3-

11.0]10.014.3

5.2[3.6-

14.7]17.231.9

0.39 - -

WBC maximum 

value

(n x109/L)

13.9[10.7-

15.3]13.73.9

11.5[10.1-

17.3]14.45.8

0.68 - -

CPR maximum 

value

(mg/L)

12.6[6.5-

27.4]21.724.1

5.2[6.5-

16.6]18.331.6

0.73 - -

Genito-urinary 

infections

18(69.2) 7(63.6) 0.74 - -

Cervical lenght at 

admission (mm)

26.0[15.8-

34.0]26.611.92

22.0[18.0-

27.0]21.66.7

0.20 - -

Hyper-echoic 

membranes 

3(11.5) 6(54.5) 0.005 9.2

(1.7-49.8)

6.1

(1.00-36.9)

Page 36 of 41

https://mc.manuscriptcentral.com/jpmed

Journal of Perinatal Medicine

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

29

p=0.04

*for variables significantly different at univariate analysis (e.i. Gestational age at admission, Hyperechoic membranes)
WBC: White Blood Cells; CPR: C-Reactive Protein
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Figure 1. Transvaginal ultrasound assessment of hyperechoic membranes with the fetus in cephalic 
presentation 

347x243mm (72 x 72 DPI) 
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Figure 2. Transvaginal ultrasound assessment of hyperechoic membranes with the fetus in breech 
presentation 

914x682mm (72 x 72 DPI) 
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Figure 3. Transvaginal ultrasound assessment of normoechoic membranes with the fetus in cephalic 
presentation 

343x234mm (72 x 72 DPI) 
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Figure 4: Flow-chart of included cases 
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Figure 5. Kaplan-Meier estimates of latency time from pPROM to spontaneous onset of labor according to the 
presence/absence of hyperechoic membranes 
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