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Background: There is a lack of literature on short latency period (SLP) in twin
pregnancies with preterm premature rupture of membranes (PPROM). Thus, the aim
of this study was to identify the clinical factors and perinatal outcomes associated with
SLP in twin pregnancies with PPROM and to establish a predictive model to identify SLP.

Methods: Twin pregnancies with PPROM between 24 0/7 and 33 6/7 weeks were
included and a retrospective analysis was performed. Patients were divided into two
groups based on the latency period after PPROM: Group 1 <24 h (defined as SLP) and
Group 2 >24h (defined as long latency period, LLP), the clinical factors and perinatal
outcomes were compared between the two groups. Binary logistic regression and
receiver operating characteristic curve analyses were used to identify the independent
clinical factors associated with latency period after PPROM and assess the predictive
accuracy for SLP.

Results: 98 and 92 pregnant women had short and long latency period, respectively.
Prolonged latency significantly increased the occurrence of chorioamnionitis. Neonatal
outcomes were not affected by latency duration after PPROM. Binary regression analysis
revealed that higher gestational age (GA) at PPROM (P = 0.038), presence of uterine
contractions (P < 0.001), Bishop score > 4 (P = 0.030), serum procalcitonin levels
>0.05 ng/mL upon admission, and absence of use of tocolytic agents (P < 0.001) were
significant independent predictors of a SLP. A predictive model developed using these
predictors had an area under the curve (AUC) of 0.838, and the presence of uterine
contractions alone had an AUC of = 0.711.

Conclusion: Uterine contraction was the most important prognosticator for a SLP.
A latency period of >24 h was associated with chorioamnionitis, but adverse neonatal
outcomes were not observed.

Keywords: twin pregnancies, preterm premature rupture of membranes, latency period, clinical factors, perinatal
outcomes
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INTRODUCTION

Preterm premature rupture of membranes (PPROM) occurs in
3% of all pregnancies, and approximately one-third of premature
births are caused by or are related to PPROM, which is an
important factor in neonatal morbidity and mortality (1-4).
With the widespread use of assisted reproductive technology and
ovulation induction, the rate of twin pregnancies has gradually
increased. PPROM and preterm birth are more common in twin
pregnancies; the incidence of PPROM in twin pregnancies is 7—
10%, while it is only 2-4% for singleton pregnancies (3, 5, 6).
The high incidence of PPROM in twins may mean that the
mechanism is different from that in singletons, which may be
related to uterine over-distension, increased intrauterine volume,
cervical insufficiency, or elevated levels of sex hormones in twin
pregnancies. Compared with singleton pregnancies, PPROM in
twins tends to occur at an earlier gestational age (GA), and
the time from membrane rupture to delivery is shorter (5, 7).
However, there are no clinical practice guidelines specifically for
PPROM in twin pregnancies, and management strategies only
refer to singletons. The GA is the most important factor in
determining neonatal outcomes after PPROM. In the absence
of evidence of infection or other complications, expectant
management is usually used to extend the GA as far as possible to
reduce complications associated with preterm birth, and induced
labor or cesarean section is performed at 34 weeks (3).

The latency period is defined as the time from rupture of
membranes to delivery. There are many factors that affect the
latency period after PPROM, but no risk factors have been
identified, including the GA at PPROM, multiple pregnancies,
oligohydramnios, cervical length, use of prophylactic antibiotics,
and tocolysis (7-10). Multiple studies have shown that compared
with singleton pregnancies, latency in twin pregnancies after
PPROM was significantly shorter, with the median latency period
being 3.6-4 days for twins and 6.2-7 days for singletons (11, 12).
Twins were more likely to get delivered within 48 h (45.5% vs.
22.9%) or 72h (11% vs. 4%) (6, 8). Twin pregnancies remained
an independent risk factor for a short latency when controlling
for other confounding factors (12, 13). In contrast, the results
of a retrospective cohort study indicated that there was no
statistical difference in the latency of twins and singletons in
women presenting with PPROM (11). Additionally, a recent
study has focused on identifying the clinical factors of latency
period exceeding 48 h after PPROM (10), and a previous study
modeled the latency period according to maternal and pregnancy
characteristics, but these were mainly singleton pregnancies and
only a small number of those with twins (14).

However, to date, there is a lack of information in the literature
on the early recognition of short latency period (SLP) in twin
pregnancies with PPROM. We have hardly found any research
on infection indicators, such as serum inflammatory markers and
vaginal microorganism culture that affected the latency period in
twin pregnancies with PPROM.

In the present study, we aimed to identify clinical factors
and perinatal outcomes of latency period within 24h in twin
pregnancies with PPROM before 34 weeks. Most previous
studies were committed to exploring the clinical characteristics of

singleton pregnancies, while ignoring the urgent healthcare needs
of women with twin pregnancies. Identifying the significant
predictors of a SLP in twin pregnancies with PPROM will provide
a more appropriate clinical management and personalized
treatment. Physicians could provide consultations, strengthen
prenatal monitoring, and perform intrauterine transfers in time.
The main purpose of this study was to identify the clinical
factors associated with a SLP, to prolong the latency period,
and to improve the perinatal outcomes in twin pregnancies
with PPROM.

MATERIALS AND METHODS

Participant Selection

This retrospective study reviewed the medical records of twin
pregnant women with PPROM between 24 0/7 and 33 6/7
weeks who were admitted to the Obstetrics Department at
Chongqing Health Center for Women and Children, a single
tertiary referral center in Chongqing, China, from 1 January
2017 to 31 April 2021. We excluded women with any of
the following conditions: at least one intrauterine death on
admission, couples who gave up the pregnancy for induced
labor, and with complications of monochorionic-diamniotic
twins (for example, twin-to-twin transfusion syndrome and twin
anemia polycythaemia sequence). The study was approved by
the Ethics Committee of Chongqing Health Center for Women
and children.

Diagnostic Criteria and Definitions

PPROM Diagnostic Criteria

Rupture of membranes occurred at <37 weeks of gestation before
labor. Diagnosis was based on pregnant women with a history of
vaginal discharge, and on sterile speculum examination, leakage
of amniotic fluid from the cervical os, or pooling of amniotic
fluid in the posterior vaginal vault. If the characteristic findings
were not significant, we performed an ultrasound examination
to assess amniotic fluid volume, measured insulin-like growth
factor binding protein-1, or conducted fern tests to assist in
the diagnosis.

Determination of the GA

The GA was determined based on the first day of the woman’s
last menstruation and the crown-rump length measured by
ultrasound in early pregnancy. GA was also estimated based on
the date of embryo transfer when the pregnancy was conceived
through assisted reproductive technology (ART).

Definition of Clinical Chorioamnionitis

Maternal body temperature >38°C accompanied by any
of the following criteria can be diagnosed with clinical
chorioamnionitis: ~ malodorous  vaginal discharge, fetal
tachycardia (baseline >160 beats per minute), maternal
tachycardia (>110 beats per minute), maternal peripheral blood
leukocyte count > 15 X 10%/L, or the uterus is irritated with
presence of uterine tenderness.
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TABLE 1 | Comparison of clinical factors associated with short latency period.

Factors Group 1 Group 2 Overall P-value
(n =98) (n =92)
Latency period (hours) 7 (6-12.5) 72.5 (46.5-147.5) 22 (7-70.5) <0.001
Maternal age (year) 30.0 £ 3.2 305+ 4.2 30.3 +3.7 0.362
At work 50 (51%) 45 (48.9%) 95 (50%) 0.772
Primipara 87 (88.8%) 80 (87%) 167 (87.9%) 0.701
History of PPROM or preterm birth 0 (0%) 1(1.1%) 1(0.5%) 0.484
Prepregnancy BMI (Kg/m?) 21.4 (19.0-23.6) 21.1 (19.4-23.1) 21.3 (19.2-23.6) 0.870
GA at PPROM (weeks) 32 3/7 31.4/7 321 /7 (30 0/7-33 1/7) 0.001
(31 0/7-33 3/7) (29 3 /7-32 6/7)
White blood cell (*109/L) 9 (7-11) 9 (8-11) 9 (7-11) 0.622
Neutrophil ratio (%) 775+84 782 +6.8 778+7.6 0.519
C-reactive protein (mg/L) 5(2-13) 5(1-10) 5 (2-11) 0.401
Procalcitonin >0.05ng/mL 0 (57.5%) 37 (42%) 87 (49.7%) 0.041
Conception by IVF 2 (73.5%) 69 (75.0%) 141 (74.2%) 0.810
Dichorionic diamniotic 86 (87.8%) 78 (84.8%) 164 (86.3%) 0.551
Bishop score >4 4 (65.3%) 25 (27.2%) 9 (46.8%) <0.001
Presence of contraction 9 (70.4%) (28.3%) 5 (50.0%) <0.001
Use tocolytic agent 4 (14.3%) 5 (48.9%) 59 (31.1%) <0.001
Positive GBS (10 2%) (1 8%) 6 (5.7%) 0.064
Positive vaginal microbial 3(21.7%) 21 (24.4%) 4 (23.3%) 0.699
Gestational diabetes mellitus 29 (29.6%) 22 (23.9%) 51 (26.8%) 0.377
ICP 3(13.3%) 6 (6.5%) (10.0%) 0.122
HDP 9(9.2%) 5 (5.4%) 14 (7.4%) 0.323
Cervical insufficiency 5(5.1%) 2 (2.2%) 7 (8.7%) 0.284

Data are presented as n (%) or median (Interquartile, Q1-Q3) or mean =+ standard deviation.

All unknown data were not included in the analysis.

PPROM, preterm premature rupture of membranes; BMI, body mass index; GA, gestational age; IVF, in vitro fertilization; GBS, group B streptococcus; ICF, intrahepatic cholestasis of

pregnancy; HDCR, hypertensive disorder of pregnancy.

Management of PPROM

All patients of expectant management received dexamethasone
(four intramuscular doses of 6 mg 12h apart) for maturation
of the fetal lungs and intravenous broad-spectrum prophylaxis
(ampicillin, ceftezole, or clarithromycin) for 48h, followed
by oral amoxicillin and erythromycin for 5 days to prevent
infection. Magnesium sulfate was routinely administered for fetal
neuroprotective effects. Nifedipine, indomethacin, atosiban, and
ritodrine were used as tocolytic agents depending on the status of
the pregnant woman.

The status of the mother and fetus was closely monitored until
delivery. Pregnant women underwent a vaginal examination
on admission to obtain the Bishop score, and secretions
were taken for microbial and group B streptococcus (GBS)
cultures. The patients were checked daily by obstetricians.
Maternal serum inflammatory markers, specifically blood
routine examination, and C-reactive protein (CRP) and
procalcitonin (PCT) levels were checked every 3 days.
Ultrasound scans were performed every 3-4 days to
evaluate the amniotic fluid volume and the status of the
fetus. A single deepest pocket < 2cm was considered
oligohydramnios. Non-stress test was initiated at 32 weeks
daily to assess the status of the fetus and earlier GA for high
risk patients.

When clinical chorioamnionitis was diagnosed, if premature
birth was inevitable, if there were indications for delivery of
the mother and/or fetus, or if GA reached 34 weeks, the
pregnancy was terminated by induction of labor or cesarean
section depending on the patient’s desire, obstetric history and
fetal status.

Data Collection

We obtained maternal and fetal clinical information from
patients’ electronic medical records from the hospital
information system. The database contains the following
parameters: (1) Maternal parameters including the age, working
condition, parity, history of preterm birth, and history of
PPROM; (2) Information regarding current pregnancy including
prepregnancy body mass index (BMI, kg/m?), mode of
conception, chorionicity, GA at PPROM, maternal inflammatory
markers (serum white blood cell count, neutrophil ratio and
CRP, and PCT levels) before the administration of antibiotics
or steroids, Bishop score [refer to the original text for (15)],
uterine contractions, vaginal microbiological culture, GBS, use of
tocolytic agents, pregnancy comorbidities (gestational diabetes
mellitus, intrahepatic cholestasis of pregnancy, hypertensive
disorder of pregnancy, cervical insufficiency); (3) Obstetric
outcomes including clinical chorioamnionitis, placental
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TABLE 2 | Binary logistic regression models of short latency period.

Factors OR (95% CI) Comparison P-value
GA at PPROM (days) 1.08 (1.00-1.05) continuous 0.038
Uterine contraction 5.57 (2.26-13.75) Present ref absent <0.001
Bishop score 2.67 (1.10-6.48) >4 ref <4 0.030
Use of tocolytic agent 6.50 (2.68-15.79) Present ref absent <0.001
Serum PCT (ng/mL) 2.03 (0.96-4.30) >0.05 ref <0.05 0.066

Ref, reference; OR, odds ratio;, Cl, confidence interval; GA, gestational age; PPROM,
preterm premature rupture of membranes; PCT, procalcitonin.
OR > 1 indicates improved odds of short latency period relative to the comparison group.

abruption, cord prolapse, oligohydramnios, GA at delivery,
mode of delivery, indication of termination of pregnancy, and
latency period; (4) Fetal parameters including birth weight,
neonatal death, admission to the neonatal intensive care
unit (NICU), and major neonatal complications (respiratory
distress syndrome, neonatal sepsis, intraventricular hemorrhage,
necrotising enterocolitis, respiratory distress syndrome,
bronchopulmonary dysplasia, and retinopathy of prematurity.

Pregnant women with PPROM were categorized into two
groups based on the latency period. Patients in Group 1 had a
latency period of <24 h, whereas those in Group 2 had a latency
period of >24h. Clinical factors and perinatal outcomes were
compared between the two groups.

Statistical Analyses

Data were analyzed using SPSS version 25.0 (IBM, Armonk, NY,
USA). Descriptive statistics were used to analyse the patients’
clinical factors and perinatal outcomes, and the chi-squared test
or Fisher’s exact test was used to analyse categorical variables.
After assessing normality, the statistical significance of the
continuous variables was assessed using the Student’s ¢-test or
the Mann-Whitney U test, and was also summarized as the
mean =+ standard deviation or the median with interquartile
range. Following univariate analysis, binary logistic regression
was performed to identify the independent factors of a SLP.
Odds ratios (OR) and 95 % confidence intervals (CI) were
calculated. Receiver operating characteristic (ROC) curves were
used to assess the predictive accuracy of the SLP with twin
pregnancies complicated by PPROM. P < 0.050 was considered
as statistically significant.

RESULTS

Patient Characteristics

A total of 190 women with twin pregnancies (including 164
dichorionic diamniotic twins and 26 monochorionic diamniotic
twins) with PPROM between 24 0/7 weeks and 33 6/7 weeks were
included in the final analysis, of which 98 (51.6%) patients were in
Group 1 and 92 patients (48.4 %) in Group 2. The mean maternal
age of these patients was 30.3 & 3.7 years. The median GA at
PPROM was 32 1/7 weeks (Q1:30 0/7 weeks to Q3:33 1/7 weeks),
and the median latency period was 22 hours (Q1:7 to Q3:71 h).

1.0
Final model: 0.838(0.783-0.894) .

08 3
E
/ \ //
[ - /;

> 06 [ / / \
= /
=
g Bshiop score>4:0.691(0.615-0.767)
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Use of tocolytic agent: 0.673(0.596-0.751)

Presence of contractions:0.711(0.636-0.785)
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00 02 04 06 08 10
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FIGURE 1 | ROC curves of the final predictive model, compared to separate
independent predictor. GA, gestational age; PPROM, preterm premature
rupture of membranes.

The clinical factors of short and long latency periods are
described in Table 1. The maternal age, working condition,
primipara, in-vitro fertilization conception, chorionicity,
prepregnancy BMI, maternal inflammatory markers (except
PCT), the positive rate of vaginal microbiological and GBS, and
presence of pregnancy complications were similar between the
two groups. Pregnant women with a SLP were more likely to
have a high GA at PPROM, a Bishop score >4, serum PCT levels
>0.05ng/mL, uterine contractions upon admission, and not
received tocolytic agents.

Binary Regression Analysis and Predictive
Model of SLP

The final predictive model had five main factors, as listed in
Table 2. In the binary logistic regression analysis to identify
predictors of latency period, higher GA at PPROM (P = 0.020),
and presence of uterine contraction (p < 0.001) demonstrated
a significant independent association with a SLP. We also found
that a Bishop score > 4 lowered the OR of the long latency period,
and the use of tocolytic agents increased the OR of the SLP. Our
model did not demonstrate an independent association of PCT
>0.05 ng/mL with SLP.

The predictive accuracy of the final model was assessed
using the area under the AUC curve. The final model using
these independent variables had an AUC of 0.838, as shown
in Figure 1. Among the four clinical features of independent
prediction, the presence of uterine contraction predicted a short
latency period with the highest accuracy (AUC = 0.711), and the
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TABLE 3 | Perinatal outcomes associated with PPROM according to latency period.

Factors Group 1 Group 2 Overall P-value
(n = 98/196) (n =92/184)

Obstetric outcomes

GA at delivery (weeks) 32 4/7 32 3/7 32 3/7 (30 3/7-33/7) 0.566
(31 1/7-33 3/7) (29 6/7-33 3/7)

Placental abruption 6 (6.1%) 4 (4.3%) 10 (56.3%) 0.748

Cord prolapse 6 (6.1%) 2 (2.2%) 8 (4.2%) 0.176

Oligohydramnios 19 (19.4%) 23 (25.0%) 42 (22.1%) 0.352

Clinical chorioamnionitis 6 (6.1%) 15 (16.3%) 21 (11.1%) 0.025

Cesarean section 86 (87.8%) 80 (87.0%) 166 (87.4%) 0.868

Indications for termination <0.001

Preterm labor 69 (70.4%) 45 (48.9%) 114 (60.0%)

Complications 29 (29.6%) 38 (41.3%) 67 (35.3%)

Pregnancy lasted 34 weeks 0 (0%) 9 (9.8%) 9 (4.7%)

Neonatal outcomes

Birth weight (Kg) 1.80 (1.55-2.00) 1.65 (1.34-1.93) 1.74 (1.43-1.95) 0.020

Foetal or neonatal death 8 (4.1%) 15 (8.2%) 23 (6.1%) 0.096

Admission to NICU 54 (28.7%) 54 (32.0%) 108 (30.3%) 0.507

Neonatal sepsis 36 (19.1%) 42 (24.9%) 78 (21.8%) 0.193

Respiratory distress syndrome 64 (34.0%) 53 (31.4%) 117 (32.8%) 0.590

Necrotizing enterocolitis 14 (7.4%) 22 (13.0%) 36 (10.1%) 0.081

Intraventricular hemorrhage 15 (8.0%) 12 (7.1%) 27 (7.6%) 0.754

Retinopathy of prematurity 22 (11.7%) 20 (11.8%) 42 (11.7%) 0.969

Bronchopulmonary dysplasia 12 (6.4%) 15 (8.9%) 27 (7.6%) 0.374

The result of neonatal complications excluded dead fetus and newborns.
GA, gestational age; NICU, neonatal intensive care unit.

other three factors alone were not very strong in predicting SLP
(AUC = 0.635-0.691).

Perinatal Outcomes

We examined differences in perinatal outcomes according to
latency period (Table 3). A latency period of >24 h was associated
with an increased risk of chorioamnionitis, but there was no
significant difference in placental abruption, cord prolapse,
oligohydramnios, the GA at delivery, and the mode of delivery
between the two groups. The indications for termination of
pregnancy in Group 1 were mostly preterm labor (70.4%),
followed by maternal or fetal complications, and none of the
pregnancies lasted until 34 weeks. In addition, the median birth
weight was high in patients with a SLP (p = 0.02). Twenty-three
fetuses (6.1%) experienced intrauterine demise or neonatal death
in total, independent of the latency period. All statistical neonatal
outcomes (except birth weight) between the two groups were not
statistically significant.

DISCUSSION

Recently, substantial studies have highlighted the clinical factors
associated with a LLP (defined latency period >48, 72 h, 7 days,
or even 14 days) among singleton pregnancies with PPROM (7,
9, 10). There are also studies that focus on comparing the latency
period of PPROM between twin and singleton pregnancies (5,

12), but few have individually identified these characteristics of
SLP in twin pregnancies with PPROM. In this study, we identified
clinical factors associated with a latency period of <24h in twin
pregnancies with PPROM before 34 weeks of gestation. Our
results revealed that patients who were considered to have a
SLP were prone to have the following characteristics: a high GA
at PPROM, presence of uterine contractions, Bishop score >4,
serum PCT levels >0.05 ng/mL, and absence of use of tocolytic
agents in univariate analyses. This finding is significant because
it might identify a SLP upon admission and transfer pregnant
women to appropriate hospitals in time to attempt to receive
novel therapeutic regimens and improve perinatal outcomes.
The standpoint that PPROM in twin pregnancies tends to have
a SLP than singleton pregnancies is widely recognized (5, 12-14).
A recent study has shown that the median latency period was 4
days in twins after PPROM (12), and a Chinese study indicated
that half of pregnant women deliver 2 days after PPROM (13).
In this study, the median latency period of twin pregnancies
with PPROM was 22 h, which was shorter than that reported in
other studies (5, 12, 13). The main reason is that the median GA
at PPROM was 32 1/7 weeks in this study, which is negatively
correlated with the latency period; however, the mean GA at
PPROM was 29.1 weeks and at delivery was 29.3 weeks in other
studies (5, 12). Furthermore, in a study of 49 twin pregnancies,
the median GA at PROM was 31 weeks, and the median latency
period was 0 days, which is similar to our observations (16). Our
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results are consistent with majority of studies, which have shown
an inverse correlation between the latency period and GA at
PPROM (9, 13, 17). However, other studies have failed to observe
any correlation between the latency period and GA (10, 18).

When controlling for other confounding factors, we identified
four significant predictors of a SLP in a multivariate analysis.
The predictive model (AUC, 0.838) may adequately evaluate
SLP at admission to change traditional treatments that might
eventually improve perinatal outcomes. In summary, there are
multiple avenues to experience a SLP, but the strongest factor
may be the presence of uterine contractions (alone AUC, 0.711),
while early and high doses of tocolytic agents may prolong the
latency period. A similar correlation was found in the study by
Phupong et al., who found that prophylactic tocolysis was a major
factor associated with a latency period >2 days after PPROM
(9). Some scholars have reported that the need for tocolysis can
predict a SLP (10). The reason for this difference is that the
time of tocolysis was different among the studies. In the former
study, it was administered before uterine contractions, and in the
latter, after contractions. In our institution, tocolytic agents are
used to suppress uterine contractions instead of being routinely
administrated. The indication of termination of pregnancy in
most patients who delivered within 24h after PPROM was
premature labor. Therefore, based on the above research results,
prophylactic tocolysis may prolong the latency period.

Recent data indicated that cervical length and cervical dilation
at admission were inversely associated with the latency period
in twin preganncies complicated by PPROM (17, 19). However,
to date, there has been almost no report on the relationship
between the Bishop score and latency period. The Bishop score
may currently be the best tool for assessing cervical status, and it
is a good predictor of vaginal delivery (15, 20). Our data suggest
that a SLP was more likely to have a Bishop score >4, and more
research is needed to explore the relationship between the Bishop
score and latency period in PPROM.

Intraamniotic infection has been associated with the
initiation and progression of PPROM (21). High maternal
serum inflammatory markers, such as leukocytes, CRP, and
PCT, may be risk factors for intrauterine infection. Asadi
et al. suggested that CRP had high accuracy in predicting
chorioamnionitis in PPROM and found that patients diagnosed
with chorioamnionitis had significantly high serum levels of
CRP both on admission and before termination of pregnancy
(22). A prospective study indicated that maternal serum PCT
level used 0.054 ng/mL as the cut-off value for the prediction of
histological chorioamnionitis had high specificity and sensitivity
in PPROM (23). Few previous studies have investigated the effect
of inflammatory markers on the latency period after PPROM in
twin pregnancies...... In this study, we discovered that the latency
period within 24 h after PPROM was more be inclined to have
a high maternal serum PCT level (>0.05 g/mL) in univariate
analysis; however, the correlation disappeared after controlling
for other confounding factors and that no correlation was
observed between other inflammatory markers and the latency
period. In general, the value of maternal PCT determination
in the diagnosis of latency period is unsatisfactory in twin
pregnancies with PPROM (16). Further prospective and large

sample research is needed to investigate the role of inflammatory
markers in the latency period after PPROM.

Our study demonstrates that the occurrence of
chorioamnionitis is related to prolonged latency. An inseparable
relationship between PPROM and chorioamnionitis has been
confirmed in numerous studies (7, 8, 24, 25). Obstetricians
terminate the pregnancy when combined with clinical
chorioamnionitis, thus shortening the time from rupture of
membranes to delivery (24). On the contrary, pregnant women
showing prolonged latency periods are at an increased risk
of chorioamnionitis, as we observed (7, 8). This is due to a
prolonged latency allowing microorganisms more time to enter
the uterine cavity after PPROM, leading to an increase in the
chance of infection (26). Therefore, it is necessary to closely
monitor clinical signs and inflammatory markers and administer
antibiotics appropriately after PPROM.

We found that prolonged latency was unrelated to perinatal
outcomes, Unlike chorioamnionitis, neonatal sepsis was not
related to the duration of latency; this finding has also been
confirmed by several other studies (27-29). Two studies revealed
that a prolonged latency period was associated with a decreased
incidence of neonatal mortality or morbidity (13, 29). There
are also research reported neonatal outcomes were not affected
by latency duration after PPROM (7, 10, 28). Compared with
singleton pregnancies with PPROM, twins were less likely to be
complicated by chorioamnionitis or placental abruption (5, 11),
but tend to have adverse neonatal outcomes (12). In addition,
we observed that newborns who were delivered within 24 h after
PPROM had an increased birth weight, which is different from
the findings of other studies (7, 12), which may be because the
GA at PPROM was high.

Indeed, some study population have been reported in our
previous article (30), and the main purpose of which was to
describe perinatal outcomes of twin pregnancies with PPROM.
However, there is no overlap in reported data since the
parameters related to latency period was not analyzed in previous
paper. This study is the first to explore the clinical factors and
perinatal outcomes of SLP in twin pregnancies with PPROM
and has a large sample size. This is also the first study to
investigate the relationship between GBS, vaginal microbiological
culture, and latency period in twins, although the results were not
statistically different. Our study had two limitations. First, this
was a retrospective study, and potential confounding variables
could not be ruled out; prospective randomized studies with
adequate cases should be performed to obtain more reliable
results. Second, only a small number of placentas underwent
histopathological examination, and the association between the
latency period and histological chorioamnionitis could not be
investigated. Further prospective studies should focus on the
associations revealed by this analysis.

CONCLUSION

The present study provides evidence to identify a SLP according
to clinical factors. Our study showed that a high GA at
PPROM, presence of uterine contractions, Bishop score>4,
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and absence of use of tocolytic agents were associated with
a shortened latency period in twin pregnancies with PPROM.
The most important prognosticator was the presence of uterine
contraction. A latency period >24h was associated with
chorioamnionitis, but adverse neonatal outcomes were not
observed. Accordingly, the data presented in this study can
be used by obstetricians to provide consultation and provide
predict the latency period for the ease of intrauterine transfer
and personalized treatment. Additionally, more studies are
needed to achieve a reliable and feasible model for clinically
useful calculations.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The Ethics Committee of Chongging Health

REFERENCES

1. Goldenberg RL, Culhane JE Iams JD, Romero R. Epidemiology and causes of
preterm birth. Lancet. (2008) 371:75-84. doi: 10.1016/S0140-6736(08)60074-4
2. Sentilhes L, Sénat MV, Ancel PY, Azria E, Benoist G, Blanc J, et al. Prevention
of spontaneous preterm birth: guidelines for clinical practice from the French
College of Gynaecologists and Obstetricians (CNGOF). Eur ] Obstet Gynecol
Reprod Biol. (2017) 210:217-24. doi: 10.1016/j.ejogrb.2016.12.035
3. Prelabor rupture of membranes: ACOG practice bulletin, Number 217.
Obstetr Gynecol. (2020) 135:e80-97. doi: 10.1097/A0G.0000000000003700
4. Vogel JP, Chawanpaiboon S, Moller AB, Watananirun K, Bonet M,
Lumbiganon P. The global epidemiology of preterm birth. Best Pract Res Clin
Obstetr Gynaecol. (2018) 52:3-12. doi: 10.1016/j.bpobgyn.2018.04.003
5. Kibel M, Barrett J, Tward C, Pittini A, Kahn M, Melamed N.
The natural history of preterm premature rupture of membranes
in twin pregnancies. ] Maternal Fetal Neonatal Med. (2017)
30:1829-35. doi: 10.1080/14767058.2016.1228052
6. Norwitz ER, Edusa V, Park JS. Maternal physiology and
complications of multiple pregnancy. (2005)
29:338-48. doi: 10.1053/j.semperi.2005.08.002
7. Ekin A, Gezer C, Taner CE, Ozeren M, Uyar I, Gulhan I. Risk factors and
perinatal outcomes associated with latency in preterm premature rupture of
membranes between 24 and 34 weeks of gestation. Arch Gynecol Obstet. (2014)
290:449-55. doi: 10.1007/s00404-014-3227-3
8. Test G, Levy A, Wiznitzer A, Mazor M, Holcberg G, Zlotnik A,
et al. Factors affecting the latency period in patients with preterm
premature rupture of membranes. Arch Gynecol Obstet. (2011) 283:707-
10. doi: 10.1007/s00404-010-1448-7
9. Phupong V, Kulmala L. Factors associated with latency period in
preterm prelabor rupture of membranes. ] Matern Fetal Neonatal Med.
(2016) 29:2650-3. doi: 10.3109/14767058.2015.1095884
10. Rouzaire M, Corvaisier M, Roumeau V, Mulliez A, Sendy F, Delabaere A, et al.
Predictors of short latency period exceeding 48 h after preterm premature
rupture of membranes. J Clin Med. (2021) 10:150. doi: 10.3390/jcm10010150
11. Ehsanipoor RM, Arora N, Lagrew DC, Wing DA, Chung JH. Twin
versus singleton pregnancies complicated by preterm premature
rupture of membranes. | Matern Fetal Neonatal Med. (2012)
25:658-61. doi: 10.3109/14767058.2011.584924

Semin  Perinatol.

Center for Women and Children. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

SZ, LM, and LW designed the study. SZ and LM drafted the
manuscript. XM and QQ conducted the statistical analysis. YY
and SZ collected the data. LW and WZ revised the manuscript.
All authors have read and approved the final study.

FUNDING

This study was founded by Chongqing Health Commission
and Science and Technology Bureau (2019GDRCO013). The
role of this funding is in editing the manuscript and article-
processing charge.

ACKNOWLEDGMENTS

We sincerely thank Li Peng who collaborated in data collection
in this study.

12. Madden N, Andrikopoulou M, Overton E, Gyamfi-Bannerman C. Latency
period after preterm premature rupture of membranes: singletons versus
twins. Am J Perinatol. (2021). doi: 10.1055/s-0041-1727277

13. Yu H, Wang X, Gao H, You Y, Xing A. Perinatal outcomes of pregnancies
complicated by preterm premature rupture of the membranes before 34 weeks
of gestation in a tertiary center in China: a retrospective review. Biosci Trends.
(2015) 9:35-41. doi: 10.5582/bst.2014.01058

14. Pasquier JC, Rabilloud M, Picaud JC, Claris O, Ecochard R,
Moret S, et al. Modeling the duration of the latency period after
preterm premature rupture of the membranes according to maternal
and pregnancy characteristicss: DOMINOS study. Eur ] Obstet
Gynecol Reprod Biol. (2008) 139:157-63. doi: 10.1016/j.¢jogrb.2007.
12.017

15. Bishop EH. Pelvic scoring for elective induction.
(1964) 24:266-8.

16. Trentacoste SV, Jean-Pierre C, Baergen R, Chasen ST. Outcomes of preterm
premature rupture of membranes in twin pregnancies. ] Matern Fetal
Neonatal Med. (2008) 21:555-7. doi: 10.1080/14767050802131929

17. Mendez-Figueroa H, Dahlke JD, Viteri OA, Chauhan SP, Rouse DJ, Sibai BM,
etal. Neonatal and infant outcomes in twin gestations with preterm premature
rupture of membranes at 24-31 weeks of gestation. Obstet Gynecol. (2014)
124:323-31. doi: 10.1097/A0G.0000000000000369

18. Atarjavdan L, Khazaeipour Z, Shahbazi F. Correlation of myometrial
thickness and the latency interval of women with preterm premature
rupture of the membranes. Arch Gynecol Obstet. (2011) 284:1339-
43. doi: 10.1007/s00404-011-1841-x

19. Tigdi J, Luksts J, Stewart A, Morais M. Cervical length as a predictor of
latency to labour in twin pregnancies complicated by preterm pre-labour
rupture of membranes: a retrospective study. ] Obstetr Gynaecol Can. (2020)
42:1230-4. doi: 10.1016/j.jogc.2020.03.018

20. Kolkman DG, Verhoeven CJ, Brinkhorst SJ, van der Post JA, Pajkrt
E, Opmeer BC, et al. The Bishop score as a predictor of labor
induction success: a systematic review. Am ] Perinatol. (2013) 30:625-
30. doi: 10.1055/s-0032-1331024

21. Gomez R, Romero R, Edwin SS, David C. Pathogenesis of preterm
labor and preterm premature rupture of membranes associated
with intraamniotic infection. Infect Dis Clin North Am. (1997)
11:135-76. doi: 10.1016/S0891-5520(05)70347-0

Obstet  Gynecol.

Frontiers in Medicine | www.frontiersin.org

March 2022 | Volume 9 | Article 839240


https://doi.org/10.1016/S0140-6736(08)60074-4
https://doi.org/10.1016/j.ejogrb.2016.12.035
https://doi.org/10.1097/AOG.0000000000003700
https://doi.org/10.1016/j.bpobgyn.2018.04.003
https://doi.org/10.1080/14767058.2016.1228052
https://doi.org/10.1053/j.semperi.2005.08.002
https://doi.org/10.1007/s00404-014-3227-3
https://doi.org/10.1007/s00404-010-1448-7
https://doi.org/10.3109/14767058.2015.1095884
https://doi.org/10.3390/jcm10010150
https://doi.org/10.3109/14767058.2011.584924
https://doi.org/10.1055/s-0041-1727277
https://doi.org/10.5582/bst.2014.01058
https://doi.org/10.1016/j.ejogrb.2007.12.017
https://doi.org/10.1080/14767050802131929
https://doi.org/10.1097/AOG.0000000000000369
https://doi.org/10.1007/s00404-011-1841-x
https://doi.org/10.1016/j.jogc.2020.03.018
https://doi.org/10.1055/s-0032-1331024
https://doi.org/10.1016/S0891-5520(05)70347-0
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Zhou et al.

SLP in Twins With PPROM

22.

23.

24.

25.

26.

27.

28.

Asadi N, Faraji A, Keshavarzi A, Akbarzadeh-Jahromi M, Yoosefi S.
Predictive value of procalcitonin, C-reactive protein, and white blood cells
for chorioamnionitis among women with preterm premature rupture of
membranes. Int ] Gynaecol Obstet. (2019) 147:83-8. doi: 10.1002/ijgo.12907
Oludag T, Gode F, Caglayan E, Saatli B, Okyay RE, Altunyurt S. Value
of maternal procalcitonin levels for predicting subclinical intra-amniotic
infection in preterm premature rupture of membranes. ] Obstet Gynaecol Res.
(2014) 40:954-60. doi: 10.1111/jog.12273

Dagklis T, Petousis S, Margioula-Siarkou C, Mavromatidis G, Kalogiannidis
I, Prapas N, et al. Parameters affecting latency period in PPROM
cases: a 10-year experience of a single institution. J Matern Fetal
Neonatal ~ Med. (2013)  26:1455-8.  doi:  10.3109/14767058.2013.7
84257

Frenette P, Dodds L, Armson BA, Jangaard K. Preterm prelabour rupture
of membranes: effect of latency on neonatal and maternal outcomes.
J Obstetr Gynaecol Can. (2013) 35:710-7. doi: 10.1016/S1701-2163(15)3
0861-6

Shim SS, Romero R, Hong JS, Park CW, Jun JK, Kim BI, et al
Clinical significance of intra-amniotic inflammation in patients with preterm
premature rupture of membranes. Am ] Obstet Gynecol. (2004) 191:1339-
45. doi: 10.1016/j.aj0g.2004.06.085

Choi EK, Kim SY, Heo JM, Park KH, Kim HY, Choi BM, et al.
Perinatal outcomes associated with latency in late preterm premature
rupture of membranes. Int ] Environ Res Public Health. (2021)
18:672. doi: 10.3390/ijerph18020672

Lorthe E, Ancel PY, Torchin H, Kaminski M, Langer B, Subtil D, et al.
Impact of latency duration on the prognosis of preterm infants after
preterm premature rupture of membranes at 24 to 32 weeks gestation:

a national population-based cohort study. J Pediatr. (2017) 182:47-
52.e42. doi: 10.1016/j.jpeds.2016.11.074

29. Nayot D, Penava D, Da Silva O, Richardson BS, de Vrijer B. Neonatal
outcomes are associated with latency after preterm premature rupture of
membranes. ] Perinatol. (2012) 32:970-7. doi: 10.1038/jp.2012.15

30. Zhou S, Yang Y, Zhang X, Mu X, Quan Q, Zhong Q, et al
Perinatal outcomes of twin pregnancies with preterm premature
rupture of the membranes at 24-34 weeks' gestation. Sci Rep. (2021)
11:23419. doi: 10.1038/s41598-021-02884-x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhou, Mei, Zhou, Yang, Zhang, Mu, Quan and Wang. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Medicine | www.frontiersin.org

March 2022 | Volume 9 | Article 839240


https://doi.org/10.1002/ijgo.12907
https://doi.org/10.1111/jog.12273
https://doi.org/10.3109/14767058.2013.784257
https://doi.org/10.1016/S1701-2163(15)30861-6
https://doi.org/10.1016/j.ajog.2004.06.085
https://doi.org/10.3390/ijerph18020672
https://doi.org/10.1016/j.jpeds.2016.11.074
https://doi.org/10.1038/jp.2012.15
https://doi.org/10.1038/s41598-021-02884-x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Clinical Factors and Perinatal Outcomes Associated With Short Latency Period in Twin Pregnancies With Preterm Premature Rupture of Membranes Before 34 Weeks: A Retrospective Study
	Introduction
	Materials and Methods
	Participant Selection
	Diagnostic Criteria and Definitions
	PPROM Diagnostic Criteria
	Determination of the GA
	Definition of Clinical Chorioamnionitis
	Management of PPROM

	Data Collection
	Statistical Analyses

	Results
	Patient Characteristics
	Binary Regression Analysis and Predictive Model of SLP
	Perinatal Outcomes

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


