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Abstract: Preterm premature rupture of the membranes (PPROM) at the limit of viability is associated
with low neonatal survival rates and a high rate of neonatal complications in survivors. It carries a
major risk of maternal morbidity and mortality. The limit of viability can be defined as the earliest
stage of fetal maturity when a fetus has a reasonable chance, although not a high likelihood, for
extra-uterine survival. The study reviews available data on preventing preterm delivery caused by
the previable PPROM, pregnancy latency, therapeutic options including the use of antibiotics and
steroids, neonatal outcomes, and future directions and opportunities.

Keywords: previable PPROM; preterm rupture of membranes; PTB; preterm delivery; antibiotics

1. Introduction

Preterm premature rupture of membranes (PPROM) is diagnosed when the rupture
occurs before 37 weeks of gestation and may be associated with preterm labor if uterine
contractions also develop before term [1]. According to different sources, delivery is called
a miscarriage when it occurs before 22–24 weeks of gestation [2]. Preterm rupture of
membranes at this time is called previable PPROM, as the survival chances are minimal
when delivery occurs. The cut-off between preterm labor and miscarriage varies around
the world between 22 and 24 weeks of gestation because of poor neonatal outcomes after
delivery before the 24th week of gestation and different levels of neonatal care worldwide.
Perinatal mortality and severe morbidity decrease significantly after the 28th week of
gestation.

PPROM complicates up to 3% of pregnancies [1–4]. The risk factors include a history
of PPROM, (13.5%, vs. patients without prior PPROM 4.1%, (RR = 3.3, 95% CI: 2.1–5.2) [5])
and bacterial vaginosis (a pregnancy complication often leading to intrauterine infections,
including chorioamnionitis and, as a result, preterm labor) [6,7]. Bleeding in the first
trimester of pregnancy is also associated with higher PPROM incidence [8,9]. In such
pregnancies, preterm labor occurs in 2.7–4.8% of cases (OR = 1.83, 95% CI: 1.7–2.0) [9].
Socio-economic factors, including cigarette smoking, also predispose to PPROM [10,11].
The abovementioned and other known risk factors are summarized in Table 1 [12].
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Table 1. Summary of postulated premature rupture of membranes risk factors.

PPROM 1 Risk Factors

History of PPROM
History of preterm birth

Nulliparity
GDM 2 and insulin intake

Multiple pregnancies
Infections (vaginal/urinary)
Bleeding in the 1st trimester

BMI 3 < 18.5 kg/m2

Cigarette smoking
Low level of education

1 Preterm premature rupture of membranes; 2 gestational diabetes mellitus; 3 body mass index.

The study aimed to review the data available in the literature on the prevention of
preterm delivery caused by the PPROM and therapeutic options in PPROM newborns at
the limit of viability before 24 weeks of gestation.

2. Clinical Issues
2.1. Pregnancy Latency

The duration of pregnancy is a critical prognostic factor for the newborn and is related
to the duration of PROM and oligohydramnios [13,14]. Many women diagnosed with
PPROM will deliver within one week of this event. In the study of 239 group B. Streptococcus-
negative patients with PPROM at 24–32 weeks of gestation, the median continuation of
pregnancy was 6.1 days despite prophylactic antibiotic treatment. Overall, 56% of patients
gave birth within seven days, 76% within 14 days, and 86% within 21 days [15–17].

Planned early birth vs. prolongation management in patients with previable PPROM
was associated with an increased occurrence of respiratory distress syndrome (RDS), higher
rate of ventilation support, endometritis, and increased caesarean section rates, with a
decreased rate of chorioamnionitis. For women with previable PPROM and without
indications for immediate delivery, careful monitoring could be associated with lower
mortality and better perinatal outcomes [18].

According to some data, cesarean delivery could be advantageous for extremely
premature fetuses, according to several studies. However, there are also reports of worse
postoperative adaptation of premature fetuses [19,20]. The present scientific information
does not support the recommendation for cesarean delivery to improve survival or reduce
morbidity in severely preterm fetuses [21].

As pregnancy with ruptured membranes continues, the risk of an intrauterine infection
increases. Clinical inflammation of the membranes is defined as the presence of an elevated
body temperature (>37.8 degrees C) and at least two additional factors, such as leukocytosis
(>15 G/L), maternal tachycardia (>100 beats/min), fetal tachycardia (>160 heartbeats/min),
uterine muscle tenderness, and abnormal and even foul-smelling amniotic fluid [22,23].
Nevertheless, the diagnosis is challenging because patients with inflammation of the
membranes can be mildly symptomatic or asymptomatic. However, an infection of the
membranes could lead to neonatal and even maternal death. In the physiological situation
of the preserved amniotic membranes, the intra-developing fetus has no contact with the
microorganisms of the external environment. Since the fetus does not have a sufficiently
developed immune system, an infection can lead to intrauterine death in the short term.
Dead fetal tissue and infected endometrium after fetal extraction commonly cause maternal
sepsis and death.

Research shows that expectant management in women with previable PPROM at
<24 weeks of gestation was associated with higher rates of maternal morbidity (aOR = 3.47,
95% CI: 1.52–7.93), chorioamnionitis (OR = 3.1, 95% CI: 2.03–8.26), and postpartum hemor-
rhage (OR = 2.44, 95% CI: 1.13–5.26) as compared to the termination of pregnancy [24].
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LeMoine et al. showed that after previable PPROM, which occurred at 18–22 weeks
of gestation, the neonatal survival rate was only 28%. Antibiotic usage in the study
was associated with increased pregnancy latency. The pregnancy duration and weeks of
gestation of PPROM were major predictors of neonatal mortality [25].

González-Mesa et al. assessed previable PPROM cases before 28 weeks of gestation
over the period of 20 years between 2000–2020. The study showed that pregnancy duration
after PROM was around 14 days, and latency increased over the years. With 53% of
caesarean deliveries, the mortality rate was around 26.5% and decreased over the analyzed
period (p < 0.05) [26].

An essential component of managing previable PPROM pregnancies is the time of
delivery. This is undoubtedly one of the greatest clinical dilemmas. While extreme prema-
turity is associated with high neonatal mortality, prolonging pregnancy increases the risk
of developing an intrauterine infection. It seems reasonable to schedule an elective delivery
of pregnancies complicated by previable PPROM after reaching 32–34 weeks of gestation.
At this stage, more than 98% of neonates will survive without harm to health [27,28]. The
long duration of pregnancy after previable PPROM is an additional risk factor for the
postpartum development of the child, while oligo-/ahydramnion leads to inappropriate
pulmonary development and is secondary to increased cardiac overload [13,14]. As a result,
these changes may be lethal for the newborn. If continuing the pregnancy might pose a risk
to the life of the mother or fetus, the pregnancy should be delivered earlier. When choosing
the delivery/termination date, obstetricians should consider the following factors: clinical
diagnosis of inflammation of the membranes, the occurrence of maternal complications
(e.g., impending eclampsia, HELLP syndrome), the occurrence of fetal indications (e.g.,
impending intrauterine asphyxia, bleeding suggesting premature separation of the properly
seated placenta, umbilical cord prolapse), and elevated inflammatory markers.

2.2. Antibiotics

Women with PROM and PPROM are at an increased risk of intrauterine infection.
Therefore, antibiotics are widely used in this indication. The 2013 Cochrane review showed
that the prophylactic use of antibiotics is associated with pregnancy latency and lower
short-term neonatal morbidity but without a significant reduction in perinatal mortality or
long-term outcomes. No specific antibiotic therapy was recommended, but concomitant
administration of amoxicillin with clavulanic acid was contraindicated due to the increased
risk of necrotizing enterocolitis (NEC) in neonates [29]. The Cochrane review from 2017
shows remarkable differences in intrauterine infections in women without receiving pro-
phylactic antibiotics [18]. Therefore, routine usage of antibiotic prophylactic is suggested.
Table 2 contains a brief of recommendations of selected scientific societies regarding antibi-
otic therapy in PPROM. They all warn against the use of clavulanic acid due to the proven
increased risk of neonatal NEC [30–33].

A randomized, double-blind, placebo-controlled trial from the National Institute of
Child Health and Human Development Maternal–Fetal Medicine compared a seven-day
course of sequential antibiotic therapy with 2 g ampicillin intravenously (i.v.) every six
hours with erythromycin 250 mg every six hours for 48 h and then amoxicillin orally (p.o.)
(250 mg every eight hours) with erythromycin 333 mg.

The ORACLE I study was performed on 4826 women and compared the following:
amoxicillin with clavulanic acid with erythromycin, amoxicillin alone with placebo, ery-
thromycin with placebo, and two placebo tablets. The drugs were taken for ten days or
until delivery. Benefits were demonstrated in the group with erythromycin compared
to placebo [34], and amoxicillin with clavulanic acid also showed some benefits. The
National Institute for Health and Care Excellence recommendations from 2015, updated
in 2019, were originally prepared based on ORACLE I study [32]. The Royal College
of Obstetricians and Gynaecologists (RCOG) recommended prophylactic antibiotic ther-
apy with 250 mg erythromycin p.o. four times a day for ten days [32]. The Society of
Obstetricians and Gynaecologists of Canada (SOGC) recommendations are based on the
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above research and recommend prophylactic antibiotics when fetal lung maturity is not
documented [33]. ACOG recommends antibiotic prophylaxis as a two-day therapy with
ampicillin i.v. and erythromycin followed by five-day oral prophylaxis with amoxicillin and
erythromycin. The therapy seems to prolong pregnancy and decrease short-term neonatal
complications [35].

Table 2. Comparison of recommendations of selected scientific societies regarding antibiotic therapy
in PPROM 1.

Authorship Year
Antibiotics in the Management of PPROM

This Section Applies Only to Antibiotic Use in PPROM, Excluding Aspects Such As
GBS 2 Prophylaxis or Treatment of an Intraamniotic Infection

American College of
Obstetriciansand

Gynecologists [30]
2020

• Pregnancy periviable (Less than 23–24 GWs3)—antibiotics may be considered as
early as 20 0/7 GWs.

• Preterm pregnancy (24 0/7–33 6/7 GWs)—antibiotics recommended if no
contraindications. A 7-day course of therapy—ampicillin and erythromycin i.v. 4

followed by amoxicillin and erythromycin p.o. 5 Substitution of erythromycin with
azithromycin when not available or tolerated may be an alternative. Amoxicillin
with clavulanic acid should not be used.

• Late preterm pregnancy (34 0/7–36 6/7 GWs)—GBS prophylaxis + treatment of
possible intraamniotic infection and proceed toward delivery.

Royal College of
Obstetricians and
Gynecologists [31]

2019

Erythromycin should be given for 10 days following the diagnosis of PPROM or until
labor; dosing schedule unclear, i.e., erythromycin 250 mg 4 times daily p.o. 4 Penicillin
may be used in women who do not tolerate erythromycin. Amoxicillin with clavulanic
acid should not be used.

National Institute for
Health and Care
Excellence [32]

2019
Erythromycin 250 mg 4 times a day p.o. for 10 days or until labor. Penicillin may be
used in women who have contraindications or do not tolerate erythromycin—for a
maximum of 10 days. Amoxicillin with clavulanic acid should not be used.

The Society of
Obstetricians and
Gynaecologists of

Canada [33]

2017

• Following PPROM at 32 GWs—antibiotics should be administered to women who
are not in labor.

• PPROM at >32 GWs—administration of antibiotics to prolong pregnancy is
recommended if fetal lung maturity cannot be proven and/or delivery is not
planned.

• The following two regimens may be used:

◦ Ampicillin 2 g i.v. 5 every 6 h and erythromycin 250 mg i.v. every 6 h for
48 h, followed by amoxicillin 250 mg p.o. every 8 h and erythromycin
333 mg p.o. every 8 h for 5 days;

◦ Erythromycin 250 mg p.o. every 6 h for 10 days.

• Amoxicillin with clavulanic acid should not be used.

1 Preterm Premature Rupture of Membranes; 2 group B Streptococcus; 3 gestational weeks; 4 intravenous; 5 orally
every eight hours for the next five days [15]. Even though steroids were not administered, the therapy with
antibiotics alone reduced the rate of respiratory failure, necrotizing enterocolitis, and death of fetuses and
newborns. Based on this study, the American Society of Gynecologists and Obstetricians (ACOG) recommends
using the above-mentioned antibiotic prophylaxis for seven days in the case of PROM between 24 and 34 weeks
of pregnancy [30].

Since erythromycin is unavailable in several countries, an alternative antibiotic therapy
regimen was needed. Chang et al. compared erythromycin i.v. with p.o. clarithromycin,
and both were used in combination with the first generation of cephalosporins for seven
days or until delivery [36]. Clarithromycin was found to be more effective in reducing
the incidence of chorioamnionitis, intraventricular bleeding, and bronchopulmonary dys-
plasia in newborns. The higher efficacy of clarithromycin was probably due to its higher
transfer rate across the placental barrier (compared to the minimal for azithromycin and
erythromycin) [37]. This transfer depends on the week of gestation and is extremely low in
the first trimester. As confirmed by numerous studies [38–40], macrolides are considered
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safe in pregnancy and have an additional immunomodulatory effect that may reduce the
production of pro-inflammatory cytokines IL-8 and TNF alfa [41].

Pierson et al. compared ampicillin and erythromycin vs. ampicillin and azithromycin
regimens. They showed that a single-dose azithromycin regimen is as effective and safe
as the erythromycin regimens while being cheaper and better-tolerated by patients [42].
Another study compared azithromycin 1000 mg p.o. vs. azithromycin 500 mg p.o. followed
by azithromycin 250 mg p.o. for four days, vs. azithromycin 500 mg i.v. for two days
followed by azithromycin 500 mg p.o. for five days, and erythromycin i.v. for two days
followed by erythromycin p.o. for five days. This study showed that azithromycin was as
effective as erythromycin in all groups apart from the five-day regimen where respiratory
distress syndrome occurred more often than in other groups [37]. However, there was no
difference in the pregnancy latency in PPROM patients between the single 1 g dose of oral
azithromycin versus erythromycin and ampicillin/amoxicillin.

Information about long-term neonatal outcomes after antibiotic prophylaxis is limited.
The ORACLE study shows better functional development in children with intrauterine
antibiotic administration after PPROM than those without antibiotic prophylaxis at seven
years old. However, no differences in neurodevelopment were observed in the same study,
where the children were followed-up until eleven years of age [43].

The most common pathogens isolated from a vaginal area of women with PROM
include Streptococcus spp., Staphylococcus aureus, Escherichia coli, Proteus mirabilis, Bacteroides
spp. and Klebsiella pneumoniae [44–47]. In many clinical centers, the drug of choice is
ampicillin with sulbactam 1.5 g i.v. every six hours until delivery or up to seven days in
combination with clarithromycin 0.5 g i.v. or p.o. every twelve hours until the end of labor
or for a maximum of seven days. As much as 97.6% of the above bacteria were sensitive to
the above combination of antibiotics [48]. In another study examining 1133 placental or
amniotic samples, 65% contained Gram-negative Enterobacteriaceae. Only 38% of Escherichia
coli and Klebsiella sp. were sensitive to ampicillin. Therefore, the prophylactic usage of
antibiotics in women with PPROM should target Gram-negative Enterobacteriaceae [49].

Patients with PROM and PPROM should be monitored for group B Streptococcus (GBS)
in the anogenital area, as this bacterium is the leading cause of septicemia, meningitis,
and pneumonia in neonates. In patients with a positive swab test, preventive bacterial
eradication with ampicillin with sulbactam 3 g i.v. every six hours until delivery or up to
seven days seems necessary [31,50].

Meta-analysis of 20 studies conducted by Chatzakis et al. showed a reduced incidence
of chorioamnionitis using clindamycin with gentamycin (RR = 0.19, 95% CI: 0.05–0.83), peni-
cillin (RR = 0.31, 95% CI: 0.16–0.6), ampicillin/sulbactam with amoxicillin/clavulanic acid
(RR = 0.32, 95% CI: 0.12–0.92), ampicillin (RR = 0.52, 95% CI: 0.34–0.81), and erythromycin
with ampicillin (RR = 0.71, 95% CI: 0.55–0.92). Only erythromycin was shown to reduce the
incidence of neonatal sepsis (RR = 0.74, 95% CI: 0.56–0.97). Clindamycin with gentamycin
(RR = 0.32, 95% CI: 0.11–0.89) and erythromycin combination with ampicillin or amoxicillin
(RR = 0.83, 95% CI: 0.69–0.99) lowered the incidence of respiratory distress syndrome. Ampi-
cillin and penicillin have been shown to prevent grade-3/4 intraventricular hemorrhage
(RR = 0.42, 95% CI: 0.20–0.92 and RR = 0.49, 95% CI: 0.25–0.96, respectively). However, no
single antibiotic was clearly superior to others, and none reduced the rate of neonatal death,
perinatal death, or NEC [51].

According to available data, there are ongoing clinical trials. In NCT01503606, cefa-
zolin 1.0 g i.v. every 12 h vs. clarithromycin 500 mg p.o. two times daily for one week
or until delivery is being assessed in the III phase of the clinical trial to evaluate neonatal
composite morbidity.

The IV phase of a clinical trial (NCT05345457) assesses pregnant women with previable
PPROM between 18 0/7 and 22 6/7 receiving azithromycin 500 mg single-dose oral,
followed with 250 mg once daily for 4 additional days vs. those receiving amoxicillin
500 mg p.o. three times daily for 7 days after discharge. A primary outcome is a delivery
within 28 days.
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2.3. Tocolysis

Tocolysis is a medical procedure carried out with the use of medications with the
purpose of delaying the delivery of a fetus in women presenting preterm contractions. The
only proven indication is to save steroid administration time and to transfer of women in
labor between hospitals [52].

The Cochrane review from 2014 did not show any advantages of tocolysis in maternal
and infant morbidity and mortality in PPROM cases, and it also showed an increase in
maternal chorioamnionitis. However, it should be noted that no antibiotics or steroids
were used [53]. Conversely, Chackowicz et al. showed that tocolysis reduces the risk of
neonatal septic death at seven days (administered 24–27 weeks of gestation) (OR = 0.44, 95%
CI: 0.22–0.88) [54]. Another study found no reduction in neonatal mortality or morbidity
using tocolysis in women without PPROM [55]. A group of patients using nifedipine had a
lower incidence of NEC, intraventricular hemorrhage, and respiratory distress syndrome.
Atosiban and nifedipine seem useful for tocolysis in PPROM patients, as they effectively
delay labor and have good maternal tolerance. Betamimetics were inferior due to the
atosiban and nifedipine to their cardiovascular adverse effects [55]. The III phase of a
clinical trial (NCT03976063) assesses perinatal morbidity and prolongation of gestation
after nifedipine vs. placebo administration in previable PPROM pregnancies.

In the past, magnesium sulphate was frequently used to induce tocolysis. However, it
is used neither as a tocolytic agent in any pregnancy nor in patients with PPROM anymore,
as it does not seem to improve maternal or neonatal outcomes [56], which was also proven
in the Cochrane analysis 2014 [57].

2.4. Steroids

A course of steroid therapy with betamethasone 12 mg given twice 24 h apart or
Dexamethasone 6 mg four doses in 12 h apart i.m. should be given before 35 + 6 weeks
of pregnancy to promote maturation of fetal lungs [30,58,59]. Steroid therapy is only
effective in preventing respiratory disorders in newborns born within 14 days after dose
administration, and repeated administration of steroids during pregnancy does not improve
neonatal outcomes. For this reason, steroid therapy should be initiated only in those patients
who are likely to give birth within two weeks of the start of the therapy. The use of prenatal
steroids may be associated with maternal side effects and result in generalized bacterial
infection, tuberculosis, and viral infections (shingles, Herpes); uncontrolled metabolic
diseases, including diabetes and unresponsive hypertension; or active gastric ulcer and
duodenum [60,61]. However, the risk of generalized fetal and maternal infection occurrence
should not decide about initiating the prophylactic intervention, as the advantages of earlier
pulmonary development were proven and are much higher than the side effects of steroids
administration [30,58].

2.5. Amnioinfusion and Other Therapies

Amnioinfusion refers to the instillation of fluid into the amniotic cavity. Augmenting
amniotic fluid volume may decrease problems associated with a severe reduction or absence
of amniotic fluid in PROM, thus improving neonatal outcomes. Results for amnioinfusion
are limited and based on a few retrospective analyses [62,63]. The III phase of the clinical
trial AmnionFlush (NCT04696003) is ongoing. In patients with PPROM between 20/0
and 26/0 weeks of gestation, amnioinfusion was performed to decrease the incidence of
bronchopulmonary dysplasia, intraventricular hemorrhage (IVH 3–4) and NEC.

An experimental study on a small group of women compared amniotic fluid-replacement
port system at 14–26 weeks of gestation for long-term amnioinfusion. While the results were
promising [63] in terms of improving neonatal outcomes, due to methodological problems
and a small study group, there is insufficient evidence to establish that the procedure re-
duces neonatal death, neonatal sepsis, and pulmonary and puerperal sepsis. Hence, further
investigations should be performed.
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There are also studies suggesting that supplementing additional vitamins and minerals
could improve neonatal outcomes [64,65]. Additional supplementation could be taken into
consideration by PPROM management but not as the only therapy.

2.6. Medical Care of Pregnant Women and Fetuses

A Cochrane review from 2014 did not find enough evidence to establish the superiority
of hospital and home care for patients with PPROM. Nevertheless, outpatient clinic control
of the pregnancy is required [66]. In the study of Garabedian et al., patients who experienced
previable PPROM at 24 and 35 weeks of gestation and were managed at home had longer
pregnancy latency and no differences in perinatal outcomes to hospital management [67].
Other researchers report similar results [68,69]. The ongoing clinical trial NCT04413019
assesses the advantages of outpatient monitoring of fetuses after PPROM between 28 and
36 weeks of gestation.

However, it should be noted that previable PPROM patients should undergo regular
body temperature monitoring and laboratory control tests (e.g., leukocytosis and CRP) to
detect any ongoing inflammatory processes. Since procalcitonin and serum interleukin
6 levels tests are sensitive but expensive, their use might be limited [70,71]. To assess the
well-being of the fetus, cardiotocography and ultrasound examination with the amniotic
fluid index should be performed twice a week and the Doppler ultrasound once a week.
General ultrasound controls could improve the detection of peripartum complications, but
they did not increase the survival rates of neonates [72].

Previable PPROM pregnancies are associated with an extremely high risk of neonate
complications. While specialist consultations are needed, studies have shown that pregnan-
cies monitored in an outpatient could have better outcomes.

2.7. Neonatal Outcomes after Previable PPROM

PPROM-induced preterm birth is the leading cause (>95%) of neonatal morbidity and
mortality [2,73,74]. Delivery between 22 and 28 weeks of gestation leads to an even higher
risk of inappropriate lung maturation and impaired lung functioning and hence a low
chance of survival of the fetus. Neonatal respiratory disorders (affecting 93% of newborns
with birth weight <1500 g) [75,76] may be associated with irreversible changes in the lung
tissue, called bronchopulmonary dysplasia (affecting up to 30% of mechanically ventilated
newborns) [77,78]. Preterm birth is also associated with immaturity of the cardiovascular
system [75], which further decreases the survival chances of the fetus.

Late-onset sepsis is another common complication. In one study by Stoll et al. con-
ducted on a group of 6215 newborns, it was shown that up to 21% of premature children
showed symptoms of bacteriemia [79]. Infection in premature newborns can have a sudden
onset and escalate rapidly, quickly leading to death. Intraventricular bleeding affects up
to 15% of very premature children, i.e., born <28 weeks of gestation with very low birth
weight [80,81]. Periventricular hemorrhage and periventricular leukomalacia are often
co-occurring characteristics of brain damage, and neuronal defects manifest as cerebral
palsy in ca. 80% of children delivered <28 weeks of gestation [82]. According to avail-
able data, cerebral palsy is the most common cause of motor disability in children [83].
The occurrence of previable PPROM additionally increases the risk of nervous system
damage [84].

Perinatal mortality is defined as stillbirth or death of a live-born child up to 7 com-
pleted days of life [2,85]. Early-neonatal death is defined as death between birth and the 7th
day of life and late-neonatal death as death when occurring between the 7th and 28th day
after delivery [2,74]. All the preterm labor complications discussed above might result in
early and late-perinatal death. The duration of pregnancy and the birth weight of newborns
are proportionated with the survival rate of neonates [86]. In the best case, newborns born
before 28 weeks of gestation reach a survival rate of 60% [27,28,87].

In the study of Esteves et al., 80% of infants born from pregnancies complicated with
PPROM between 18–26 weeks of gestation experienced severe adverse outcomes, with a
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54% perinatal mortality. Only 18% of children had no postnatal complications. Antibiotic
prophylaxis, gestational age, and birth weight were significant predictors of children’s
survival [86,87]. In previable PPROM pregnancies after prophylactic administration of
antibiotics and antenatal steroid therapy, fetal mortality was 17% for delivery between
24–27 weeks of gestation [88]. The study of Wagner et al. showed that 50% of children
with PPROM at 24 weeks of gestation could be discharged from the hospital without major
complications [89]. Neurodevelopment of children at 24 months after delivery after 7-day
PPROM (at 24–31 weeks of gestation) was similar to the development of infants delivered
at the same gestational age without PPROM [17].

3. Future Opportunities and Directions

To date, there is still no successful treatment method of previable PPROM. Neverthe-
less, the increasingly evolving technology may allow us to modify the management of
pregnancies complicated with previable PPROM [90]. For example, the artificial intelli-
gence methods based on algorithms created from individual risk factors can substantially
improve the prediction of the survival rate of children with previable PPROM as well as the
incidence of intrauterine infections and preterm labor [91]. The possible target for future
opportunities is thus identifying pregnancies with a higher chance of survival and provid-
ing appropriate care of these pregnancies. Pregnancy termination could be recommended
after an interdisciplinary assessment and evaluation with artificial intelligence for women
with a low chance of delivering a living infant, depending on maternal well-being and the
local law. Still, in those pregnancies, all prophylactic measures should be explained. An-
other possibility to improve neonatal outcomes could be an artificial placenta, which could
manage the effective treatment of respiratory failure in premature infants [92]. Further
research is necessary to develop appropriate methods and guidelines.

Summary of findings is presented in Table 3.

Table 3. Summary of findings.

PPROM

Definition: PPROM is a medical incident involving the loss of integrity of the amniotic membranes and amniotic fluid before the
beginning of uterine contractions before 37 gestational weeks

Prevalence: around 3% of pregnancies
Risk factors: history of PPROM, history of preterm birth, nulliparity, GDM and insulin intake, multiple pregnancies, infections

(vaginal/urinary), bleeding in the 1st trimester, BMI <18.5 kg/m2, cigarette smoking, lower level of education
Prognosis: most patients deliver within 7–14 days from PPROM

The greatest threat: intrauterine infection and preterm birth

Management: consider antibiotics, tocolysis, and steroids while taking into account gestational age and fetus prognosis as well as
clinical image; closely monitor the condition of the fetus and the mother (among others: CTG, ultrasound, and laboratory and

physical parameters)

The greatest challenge and future studies direction: finding the optimal time for delivery and balancing the benefits and risks
ratio for both the fetus and the mother

BMI, body mass index; CTG, cardiotocography; GDM, gestational diabetes mellitus; PPROM, premature rupture
of membranes.

4. Conclusions

Prematurity remains a global health problem and is the cause of almost all neonatal
complications, neonatal mortality, and irreversible neurological deficits. Clinicians must
decide whether the risk of complications resulting from previable PPROM outweighs
the risk of intrauterine infection. Further studies are needed to determine the gestation
age cut-off point for continuing the pregnancy, which would be optimal for decreasing
peripartum morbidity and mortality, and to identify factors that improve the prognosis for
fetuses, e.g., the use of prophylactic antibiotic therapy in pregnancy. The gestational age of
32–34 seems reasonable to electively deliver pregnancies complicated by previable PROM
to avoid developing the intrauterine infection. Previable PPROM remains a challenge
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because of the difficulties in diagnosis and its complications. Patients diagnosed with
PPROM should remain under the comprehensive care of a perinatology center, with the
monitoring of cardiotocography, ultrasound, laboratory tests, and vital signs. Nevertheless,
outpatient monitoring is also possible and, according to some studies, leads to better results.
Administration of steroids is usually needed, but the decision to start treatment should
be made on a case-by-case basis. Additionally, antibiotic prophylaxis is shown to prevent
intrauterine infections. Treatment with erythromycin with or without a combination of
ampicillin alone or amoxicillin with erythromycin until delivery or within 7 days after
PPROM seems to be the "gold standard" of prophylaxis of intrauterine infection and
preterm delivery. Macrolides, such as clarithromycin and azithromycin, were found to be
more effective and better tolerated by the patients. However, the initiation of treatment
and dosage and the length of prophylactic antibiotic therapy should be analyzed in further
prospective and randomized research. Artificial intelligence methods based on algorithms
created from individual risk factors can substantially improve the prediction of the survival
rate of children with previable PPROM as well as the incidence of intrauterine infections
and preterm labor.

Author Contributions: Conceptualization, S.F.; methodology, Z.G., M.C. and W.B.; formal analysis,
O.M. and M.Z.; investigation, A.W. and M.W.; resources, M.C.; data curation, W.B. and M.W.;
writing—original draft preparation, S.F., O.M. and W.B.; writing—review and editing, M.Z., Z.G.
and M.C.; supervision, M.C.; project administration, Z.G. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki. Ethical review and approval were not applicable for this study.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare that they have no known competing financial interest or
personal relationships that could have appeared to influence the work reported in this paper.

References
1. Skupski, D. Preterm Premature Rupture of Membranes (PPROM). J. Perinat. Med. 2019, 47, 491–492. [CrossRef]
2. WHO. WHO Recommendations on Interventions to Improve Preterm Birth Outcomes; WHO: Geneva, Switzerland, 2015; ISBN

978-92-4-150898-8.
3. Ananth, C.V.; Oyelese, Y.; Srinivas, N.; Yeo, L.; Vintzileos, A.M. Preterm Premature Rupture of Membranes, Intrauterine Infection,

and Oligohydramnios: Risk Factors for Placental Abruption. Obstet. Gynecol 2004, 104, 71–77. [CrossRef] [PubMed]
4. Smith, G.; Rafuse, C.; Anand, N.; Brennan, B.; Connors, G.; Crane, J.; Fraser, W.; Gratton, R.; Moutquin, J.-M.; Scott, H.; et al.

Prevalence, Management, and Outcomes of Preterm Prelabour Rupture of the Membranes of Women in Canada. J. Obstet.
Gynaecol. Can. 2005, 27, 547–553. [CrossRef]

5. Mercer, B.M.; Goldenberg, R.L.; Moawad, A.H.; Meis, P.J.; Iams, J.D.; Das, A.F.; Caritis, S.N.; Miodovnik, M.; Menard, M.K.;
Thurnau, G.R.; et al. The Preterm Prediction Study: Effect of Gestational Age and Cause of Preterm Birth on Subsequent Obstetric
Outcome. National Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network. Am. J. Obstet.
Gynecol. 1999, 181, 1216–1221. [CrossRef]

6. Parry, S.; Strauss, J.F. Premature Rupture of the Fetal Membranes. N. Engl. J. Med. 1998, 338, 663–670. [CrossRef] [PubMed]
7. Licini, C.; Tossetta, G.; Avellini, C.; Ciarmela, P.; Lorenzi, T.; Toti, P.; Gesuita, R.; Voltolini, C.; Petraglia, F.; Castellucci, M.; et al.

Analysis of Cell-Cell Junctions in Human Amnion and Chorionic Plate Affected by Chorioamnionitis. Histol. Histopathol. 2016, 31,
759–767. [CrossRef]

8. Hnat, M.D.; Mercer, B.M.; Thurnau, G.; Goldenberg, R.; Thom, E.A.; Meis, P.J.; Moawad, A.H.; Iams, J.D.; Van Dorsten, J.P.
National Institute of Child Health and Human Development Network of Maternal-Fetal Medicine Units Perinatal Outcomes in
Women with Preterm Rupture of Membranes between 24 and 32 Weeks of Gestation and a History of Vaginal Bleeding. Am. J.
Obstet. Gynecol. 2005, 193, 164–168. [CrossRef]

9. Lykke, J.A.; Dideriksen, K.L.; Lidegaard, Ø.; Langhoff-Roos, J. First-Trimester Vaginal Bleeding and Complications Later in
Pregnancy. Obstet. Gynecol. 2010, 115, 935–944. [CrossRef]

10. Berkowitz, G.S.; Blackmore-Prince, C.; Lapinski, R.H.; Savitz, D.A. Risk Factors for Preterm Birth Subtypes. Epidemiology 1998, 9,
279–285. [CrossRef]

http://doi.org/10.1515/jpm-2019-0163
http://doi.org/10.1097/01.AOG.0000128172.71408.a0
http://www.ncbi.nlm.nih.gov/pubmed/15229003
http://doi.org/10.1016/S1701-2163(16)30711-3
http://doi.org/10.1016/S0002-9378(99)70111-0
http://doi.org/10.1056/NEJM199803053381006
http://www.ncbi.nlm.nih.gov/pubmed/9486996
http://doi.org/10.14670/HH-11-719
http://doi.org/10.1016/j.ajog.2004.10.625
http://doi.org/10.1097/AOG.0b013e3181da8d38
http://doi.org/10.1097/00001648-199805000-00011


Diagnostics 2022, 12, 2025 10 of 13

11. Balasoiu, A.M.; Pomana, C.-D.; Sima, R.-M.; Ples, L. The Influence of Educational, Environmental and Social Factors in the
Decision to Attend Prenatal Lectures among Pregnant Women in Romania. Maedica 2021, 16, 574–579. [CrossRef]

12. Bouvier, D.; Forest, J.-C.; Blanchon, L.; Bujold, E.; Pereira, B.; Bernard, N.; Gallot, D.; Sapin, V.; Giguère, Y. Risk Factors and
Outcomes of Preterm Premature Rupture of Membranes in a Cohort of 6968 Pregnant Women Prospectively Recruited. J. Clin.
Med. 2019, 8, 1987. [CrossRef] [PubMed]

13. ACOG and FMF Periviable Birth. 2017. Available online: https://www.acog.org/clinical/clinical-guidance/obstetric-care-
consensus/articles/2017/10/periviable-birth (accessed on 20 April 2022).

14. Pergialiotis, V.; Bellos, I.; Fanaki, M.; Antsaklis, A.; Loutradis, D.; Daskalakis, G. The Impact of Residual Oligohydramnios
Following Preterm Premature Rupture of Membranes on Adverse Pregnancy Outcomes: A Meta-Analysis. Am. J. Obstet. Gynecol.
2020, 222, 628–630. [CrossRef]

15. Mercer, B.M.; Miodovnik, M.; Thurnau, G.R.; Goldenberg, R.L.; Das, A.F.; Ramsey, R.D.; Rabello, Y.A.; Meis, P.J.; Moawad, A.H.;
Iams, J.D.; et al. Antibiotic Therapy for Reduction of Infant Morbidity after Preterm Premature Rupture of the Membranes.
A Randomized Controlled Trial. National Institute of Child Health and Human Development Maternal-Fetal Medicine Units
Network. JAMA 1997, 278, 989–995. [CrossRef] [PubMed]

16. Melamed, N.; Hadar, E.; Ben-Haroush, A.; Kaplan, B.; Yogev, Y. Factors Affecting the Duration of the Latency Period in Preterm
Premature Rupture of Membranes. J. Matern.-Fetal Neonatal Med. 2009, 22, 1051–1056. [CrossRef] [PubMed]

17. Müller, H.; Storbeck, T.; Katzer, D.; Bruns, N.; Wössner-Stegmann, G.; Ai, M.; Köninger, A.; Müller, A.; Felderhoff-Müser, U.;
Bagci, S. Neurological Outcome at 24 Months Corrected Age of Prematurely Born Infants after Preterm Premature Rupture of
Membranes (PPROM) of at Least 7 Days: A Two-Center Experience in Germany. J. Matern.-Fetal Neonatal Med. 2020, 33, 1315–1320.
[CrossRef]

18. Bond, D.M.; Middleton, P.; Levett, K.M.; van der Ham, D.P.; Crowther, C.A.; Buchanan, S.L.; Morris, J. Planned Early Birth versus
Expectant Management for Women with Preterm Prelabour Rupture of Membranes Prior to 37 Weeks’ Gestation for Improving
Pregnancy Outcome. Cochrane Database Syst. Rev. 2017. [CrossRef] [PubMed]
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