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Abstract

Background: Preterm prelabour rupture of membranes
(PPRoM) is commonly associated with preterm delivery and
affects up to 3% of all pregnancies. It is associated with high
rates of morbidity and mortality for the mother and the new-
born. Objectives: To identify risk factors for PPRoM and de-
velop a model for first-trimester prediction of risk of PPRoM.
Methods: A retrospective analysis of a series of women who
had first-trimester (11-13 weeks) screening for aneuploidy
and pre-eclampsia and delivered in the same institution was
performed. Univariate and multivariate logistic regression
analyses were used to identify maternal and pregnancy fac-
tors and then develop a clinical prediction model for PPRoM.
Results: 10,280 women were screened between April 2010
and October 2016. 144 (1.4%) had PPRoM. Maternal factors
predictive of PPRoM included nulliparity (parous women, OR
0.53; 95% Cl 0.4-0.8), pre-existing diabetes mellitus (DM)
(Type 1 DM, OR 6.7;95% Cl 2.3-19.4, Type 2 DM, OR 5.3; 95%
Cl 1.6-18.3), maternal age group (p = 0.004), and BMI cate-

gory (p = 0.012). Uterine artery pulsatility index (UAPI) and
biochemical parameters (PAPP-A, free HCG) did not reach
statistical significance. The predictive model had moderate
efficacy with an area under the ROC curve of 0.67. Conclu-
sions: Several maternal characteristics collected during first-
trimester screening predict PPRoM. Biomarkers currently
measured during first-trimester screening (PAPP-A, BHCG,
and UAPI) do not predict PPRoM. Whilst a predictive model
can be generated with information currently collected at 11—
13*6 weeks, this has only modest screening performance.
First-trimester screening provides a structured framework
where other predictors could improve model performance,
and future studies should focus on the addition of other risk
factors and biomarkers that may improve screening efficacy.

© 2020 S. Karger AG, Basel

Introduction

Preterm prelabour rupture of membranes (PPRoM) is
associated with one third of preterm births [1, 2] and
complicates 1-3% of all pregnancies [3, 4]. Compared
with other preterm infants, those born following PPRoM
have higher rates of perinatal mortality due to infection,
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birth trauma, and respiratory disease [5, 6]. PPRoM is an
independent risk factor for respiratory distress syndrome,
sepsis, and cerebral palsy [7-9], and it is associated with
specific complications of oligohydramnios such as skel-
etal deformities and pulmonary hypoplasia [10]. PPRoM
is also associated with maternal morbidity due to pro-
longed antenatal hospital admission, caesarean section
and post-traumatic stress syndrome [11].

The aetiology of PPRoM is thought to be multifacto-
rial, including infection, inflammation, vascular disease
and uterine over-distension, and the final common path-
way is believed to involve the inflammatory cascade [4,
12]. Identified risk factors for PPRoM include a maternal
history of preterm birth (secondary to either spontaneous
preterm labour or PPRoM), previous cervical surgery,
and cervical shortening on transvaginal ultrasound scan
[13, 14]. Genital and urinary tract infections have also
been implicated (2, 4, 15, 16]. Maternal conditions such
as pre-pregnancy obesity, drug dependence, poor nutri-
tion, mental health disorders, and pre-existing diabetes
mellitus (DM), hypertension, and thyroid disease [14,
17-19] have recognised associations. Pregnancy-related
risk factors include antepartum haemorrhage, placental
abruption, and factors that distend the uterus such as
polyhydramnios and multiple pregnancy [4, 14, 16-20].
Other authors have suggested that inflammatory bio-
markers, such as C-reactive protein, may be associated
with PPRoM [21]. The common associations with fea-
tures of placental insufficiency and of underlying inflam-
mation have led many authors to suggest that adverse
outcomes such as pre-eclampsia, spontaneous preterm
labour, and PPRoM lie on a spectrum rather than being
isolated conditions [22].

To date, prediction of PPRoM has been problematic as
most women who develop this complication have no
identifiable risk factors [16]. Despite this, it is likely that
early identification of those at risk of PPRoM, followed by
implementation of prophylactic intervention, will be nec-
essary for prevention. A number of different treatment
strategies have been suggested — although it is important
to acknowledge that at this point in time, data supporting
a clear advantage of prophylactic interventions are not
readily available [23, 24]. Given the final common inflam-
matory pathway, some authors have suggested that anti-
inflammatory agents may have a role to play in the pre-
vention of PPRoM [23]. It is again interesting to note that
aspirin is of significant value in reducing rates of early
onset of pre-eclampsia (ePET) and has also been shown
to have an independent effect on the prevalence of pre-
term birth [25-27]. As there may be both aetiological and
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therapeutic links between PPRoM and other adverse out-
comes, we hypothesise that it might be possible to use
current first-trimester screening markers for conditions
like pre-eclampsia as the basis of a screening test for
PPRoM. If these markers could be used to screen for mul-
tiple adverse outcomes this would reduce the cost of pre-
dictive screening. The purpose of this study was to deter-
mine whether maternal characteristics and biomarkers
currently used in first-trimester screening could also be
used to screen for PPRoM and to develop an algorithm
for risk prediction for PPRoM.

Materials and Methods

This was a retrospective study of a longitudinal cohort of wom-
en who were screened in the first trimester of pregnancy at a ter-
tiary hospital in Sydney, Australia.

Population

Data were collected for women presenting to the Royal Prince
Alfred Hospital for combined first-trimester screening at 11-13+¢
weeks’ gestation from April 16, 2010, to October 7, 2016. Exclusion
criteria included multiple pregnancy, loss to follow-up after first-
trimester screening and termination of pregnancy.

The cohort from April 1, 2012, to October 7, 2016, was treated
with 150 mg aspirin if they were defined as high risk for ePET,
based on results of screening using the validated Fetal Medicine
Foundation algorithm [27, 28]. The earlier cohort, from April 16,
2010, to March 9, 2012, were not treated with aspirin. Women
screened between March 10 and 31 were deemed to have been seen
in a transition period and were excluded from subsequent data col-
lection and analysis. All women (regardless of ePET risk and aspi-
rin treatment) were included, since we showed in a previous study
that aspirin prescribed on the basis of the ePET risk did not sig-
nificantly affect the risk of PPRoM [29].

PPRoM was defined as the rupture of membranes before the
onset of contractions prior to 37 weeks’ gestation [1]. PPRoM was
differentiated from spontaneous preterm labour, defined as births
at less than 37 weeks’ gestation with the onset of contraction and
cervical change with intact membranes [18]. We classified women
who laboured and delivered within 24 h of rupture of membranes
as having spontaneous preterm labour rather than PPRoM.

Data

Data for demographics, pregnancy, and neonatal outcomes
were collated from the Fetal Medicine database (Viewpoint ver-
sion 5.6.9.483; GE Healthcare, Frankfurt, Germany) and the hos-
pital maternity information system (Powerchart; Cerner, Kansas
City, MO, USA). The formal hard copy medical record was also
reviewed if delivery occurred before 37 weeks’ gestation or when
the electronic record was incomplete.

Demographic and pregnancy-related data were collected in-
cluding ethnicity, parity, pre-existing DM, maternal age, body mass
index (BMI), height, cigarette smoking, pregnancy-associated plas-
ma protein A (PAPP-A), beta human chorionic gonadotrophin
(BHCG), and mean uterine artery Doppler pulsatility index (UAPI).
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Table 1. Univariate logistic regression of the women included in
the retrospective cohort

Demographics n OR (95% CI)  pvalue
Ethnicity 0.21
Caucasian 6,804 1.0*
Asian 2,608 0.8 (0.6-1.2)
South Asian 774 1.6 (0.9-2.6)
African 120 0.6 (0.1-4.2)
Parity 0.009
Parous 4,306 1.0*
Nulliparous 5,994 1.6 (1.1-2.3)
Pre-existing DM <0.001
No diabetes 10,230 1.0*
Type 1 DM 46 6.9 (2.4-19.5)
Type 2 DM 31 7.8(2.3-25.9)
Maternal age, years 0.03
<25 415 1.0*
25<30 2,069 0.5(0.2-1.2)
30<35 4,396 0.6 (0.3-1.3)
35+ 3,427  1.0(0.5-2.0)
BM], kg/m? 0.006
<20 1,015 1.0*
20<25 5579 0.9 (0.5-1.5)
25<30 2,539 1.0 (0.6-1.9)
30+ L173  1.9(1.0-3.6)
Height, cm 0.08
<155 978 1.0*
155<160 1,908 1.0 (0.6-1.7)
160<165 2,771 0.6 (0.4-1.1)
165<170 2,574 0.7 (0.4-1.2)
>170 2,073 0.5 (0.3-1.0)
Smokes cigarettes 0.09
No 10,041 1.0*
Yes 264 1.9(0.9-4.2)
PAPP-A, MoM 0.08
<0.5 834 1.0*
0.5«1 3,632 0.8 (0.5-1.4)
1<1.5 2,928 0.6 (0.3-1.1)
1.5<2 1,525 0.6 (0.3-1.2)
>2 1,376 0.4 (0.2-0.8)
BHCG, MoM 0.80
<0.5 989 1.0*
0.5<1 3,786 0.8 (0.5-1.4)
1<1.5 2,519 0.7 (0.4-1.3)
1.5<2 1,348 0.8 (0.4-1.5)
>2 1,656 0.9 (0.5-1.7)
Mean UAPI, MoM 0.29
<1 3,314 1.0*
1<1.1 3,495 1.4 (0.9-2.1)
1.1<1.2 2,184 1.5(0.9-2.3)
>1.2 1274 1.1(0.6-2.0)

* Reference group. DM, diabetes mellitus; BMI, body mass in-
dex; PAPP-A, pregnancy-associated plasma protein A; MoM, mul-
tiple of the median; BHCG, beta human chorionic gonadotrophin;
UAPI, uterine artery Doppler pulsatility index.
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10,397 singleton pregnancies

42 excluded due to
F» lack of follow-up or
incomplete data

75 excluded due to

> Top

Y

10,280 remaining pregnancies
included in analysis including:
- 146 cases of PPRoM
- 10 NNDs

- 2 of which had PPRoM
- 43 1UDs

- 12 of which had PPRoM

Fig. 1. A flow chart describing the number of women included in
our retrospective cohort study. ToP, termination of pregnancy;
NND, neonatal death; IUD, intrauterine death.

Statistical Analyses

Data were analysed using SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA). A p value of <0.05 was considered statistically
significant. Statistical analysis included the Mann-Whitney U test
for comparing distributions of non-parametric data, the ¢ test for
comparing means of normally distributed continuous data, and
the X2 test for comparing categorical outcomes.

Continuous variables were tested for linear association with the
logit function of the outcome (PPRoM) by grouping into 4-5 clin-
ically relevant categories (such as BMI, maternal age, and maternal
height) or grouped by MoM (multiple of the median) (for PAPP-
A, PHCG, and UAPI) and plotting the p-coefficients against the
mid-points of each group. Non-linearly associated variables were
analysed by group. Explanatory variables were selected for multi-
variable models if p < 0.25 in the univariate logistic regression. The
stepwise backward method was used, excluding variables with the
highest p value one at a time until the remaining variables were
<0.05. If a variable changed the point estimates for the adjusted
odds ratios (ORs) for PPRoM (even if p > 0.05) by more than 10%,
it was retained in the model. Interaction was assessed by creating
interaction terms among variables where interaction was consid-
ered clinically plausible, with a cut-off of 0.05 for inclusion of the
term. Co-linearity was considered present when the variance infla-
tion factor was >10. Variables in the final model were used to cre-
ate an algorithm based on the B-coefficients in the linear predictor.
Goodness of fit was assessed by the Hosmer-Lemeshow test, and
the discriminatory ability of the model was measured by concor-
dance (equivalent to the area under the ROC curve).

Results

A total of 10,397 singleton pregnancies were screened
between April, 16, 2010, and October, 7, 2016 (Fig. 1). 42
women were excluded due to lack of follow-up or incom-
plete data. 75 were excluded due to a severe structural or
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Table 2. Multivariate logistic regression - variables from the uni-
variate logistic regression (Table 1) that reached statistical signifi-
cance or were close to significance were analysed in a multivariate
logistic regression

Variables OR (95% CI) p value
Parity 0.0006
Nulliparous 1.0*
Parous 0.53 (0.4-0.8)
Pre-existing diabetes <0.0001
No DM 1.0*
Type 1 6.7 (2.3-19.4)
Type 2 5.3 (1.6-18.3)
Maternal age, years 0.004
<25 1.0*
25<30 0.6 (0.3-1.3)
30<35 0.7 (0.3-1.6)
>35 1.3 (0.6-2.7)
BM], kg/m? 0.012
<20 1.0*
20<25 0.8 (0.4-1.4)
25<30 0.9 (0.5-1.6)
>30 1.6 (0.8-3.1)
Height, cm 0.058
<155 1.0*
155<160 1.0 (0.6-1.8)
160<165 0.6 (0.3-1.1)
165<170 0.7 (0.4-1.2)
=170 0.7 (0.3-1.0)
PAPP-A, MoM 0.078
<0.5 1.0*
0.5<1 0.8 (0.5-1.4)
1<1.5 0.6 (0.3-1.1)
1.5<2 0.6 (0.3-1.2)
>2 0.4 (0.2-0.8)

* Reference group.
For abbreviations, see text or Table 1.

chromosomal abnormality and subsequent termination
of pregnancy. The remaining 10,280 ongoing pregnan-
cies included 43 intrauterine deaths, of which 12 had
PPRoM <24 weeks. There were also 10 neonatal deaths
within 1 week of delivery (2 of which had PPRoM). Over-
all, there were 144 cases of PPRoM (1.4%, 144/10 280)
during this study period included in the analysis.

The mean maternal age was 32.7 years old (standard
deviation [SD] 4.5), and mean BMI was 24.6 (SD 4.7). The
mean foetal crown-rump length at time of screening was
65.5 mm (SD 7.6), with a mean nuchal translucency of
1.89 mm (SD 0.5). 58% of all women were nulliparous,
and 97.4% were non-smokers.

Prediction of PPRoM
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Fig. 2. Receiver Operator Curve (ROC) for the PPRoM model,
showing an area under the curve of 0.67.

In the univariate logistic regression analysis, nullipar-
ity (OR 1.6; 95% CI 1.1-2.3, p 0.009), pre-existing DM
(Type 1 DM, OR 6.9; 95 % CI 2.4-19.5, p < 0.001, Type 2
DM, OR 7.8; 95% CI 2.3-25.9, p < 0.001), increasing ma-
ternal age (p = 0.03), and increasing BMI (p = 0.006) were
statistically significant risk factors for PPRoM (Table 1).
Ethnicity and smoking were not statistically significant
risk factors. PAPP-A <0.5 MoM had a lower risk of
PPRoM compared with PAPP-A >2.0 MoM (OR 0.4; 95%
CI0.2-0.8, overall p value for PAPP-A =0.08). There was
a possible association between maternal height and
PPRoM (p = 0.08). We did not find an association be-
tween serum PHCG (p = 0.8) or mean UAPI and PPRoM
(p=0.29).

Multivariable analysis identified parity, pre-existing
DM, maternal age, and BMI as independent risk factors
for PPRoM (Table 2). Pre-existing DM was the strongest
risk factor for PPRoM in this study. The variables from
the multivariable analysis were incorporated into a mod-
el for predicting PPRoM. The area under the ROC curve
was 0.67 (Fig. 2). Approximately 25% of all pregnancies
that will continue to be affected by PPRoM are identified
for a screen positive rate of 10%.
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Discussion

This retrospective cohort study from a large tertiary
hospital in Sydney, Australia, is the first to attempt to cre-
ate a first-trimester prediction model for PPRoM. We
identified specific risk factors for PPRoM including nul-
liparity, pre-existing DM, increased maternal age and
high BMI, which could be incorporated into a clinical
prediction model to estimate the risk of developing
PPRoM.

Nulliparity was a statistically significant risk factor for
PPRoM which is consistent with previous studies [30].
Pre-existing Type 1 or Type 2 DM was also shown to be
an important risk factor for PPRoM, consistent with pre-
vious data [18]. Increased maternal age (235 years of
age) has been previously shown to be a risk factor for
PPRoM and was confirmed in our analysis [30]. In a pre-
vious study, increased BMI (>30 kg/m?) was shown to be
associated with PPRoM but did not reach statistical sig-
nificance [30]. Of the risk factors identified, only BMI is
modifiable, highlighting the importance of maintaining
a healthy weight before pregnancy.

In our study, ethnicity and smoking were not found
to be statistically significant risk factors, but there are
conflicting data regarding the effect of these variables [1,
14, 17, 30]. There was a tendency towards PPRoM with
a PAPP-A <0.5 MoM, consistent with one other study
[31]. We did not find an association between maternal
serum concentrations of free PHCG or mean UAPIL A
previous study identified high free BHCG as a risk factor
for PPRoM [32], whereas UAPI has not been studied pre-
viously.

To our knowledge, this is the first study to design a
prediction model for PPRoM. The area under the ROC
curve was 0.67, indicating that our model is fair, but re-
quires further research and improvement. A likely sim-
ple but effective way of improving this model could be to
include additional known risk factors for PPRoM such as
a history of PPRoM and preterm birth, genito-urinary
infection, and a history of bleeding in pregnancy; unfor-
tunately, this history was not comprehensively collected
in our first-trimester screening cohort; however, it should
be considered for any future studies of this kind. For ex-
ample, in other datasets, a previous history of PPRoM
has a 3.3-fold increase in preterm birth caused by PPRoM
and a 14-fold higher risk of PPRoM before 28 weeks [33].
Ideally, future studies would be conducted prospectively
and would include these variables.

There are further limitations to this study. Whilst our
study cohort in Sydney was unselected, they do consti-
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tute a group of women who chose to have first-trimester
screening for aneuploidy, and other women could have
had different baseline risks. Also, the socio-economic
and ethnic composition of this community may not re-
flect the general obstetric population. Furthermore, due
to the retrospective nature of this study, many important
risk factors for PPRoM were not included because such
data were not collected in the database. The inclusion
and analysis of such characteristics and variables as pos-
sible risk factors of PPRoM, analysed in a prospective
study, may improve our prediction model, as the current
model which was developed in this study does not per-
form well enough to be applied in a clinical or research
setting. Details which should be collected prospectively
for future studies should include known important risk
factors for PPRoM such as a history of PPRoM or pre-
term birth, second-trimester miscarriage, previous cervi-
cal surgery, and a history of bleeding in pregnancy. In
addition, the identification and inclusion of first-trimes-
ter biomarkers for PPRoM into any future algorithm
could be important to increase its accuracy such that it
could be used clinically. We are currently planning a pi-
lot study to examine potential biomarkers which could
be included. Once a suitable model for predicting PPRoM
has been developed, possible interventions for women
screened as high risk could be explored. We are current-
ly researching potential preventative interventions that
could be trialled once a validated model has been devel-
oped. Future studies should aim to refine the model for
predicting PPRoM, ideally in a prospective trial. Subse-
quent models should be validated, then proceed to alarge
interventional trial, with the aim of reducing the preva-
lence of PPRoM through targeted and specialised ante-
natal care.

Conclusion

PPRoM is a common complication of pregnancy as-
sociated with significant morbidity and mortality. This
study has identified four key risk factors for PPRoM:
nulliparity, DM, maternal age and BMI, that are typi-
cally collected as part of routine first-trimester screen-
ing. None of the investigational tools used during first-
trimester screening were of benefit in a predictive mod-
el for PPRoM. Further refinement of this predictive
model is required prior to implementation as a clinical
tool.
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