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ABSTRACT

Preterm premature rupture of membranes
occurs in around 3% of pregnancies, and several
aspects related to its management are still
controversial. The objective of this update is to
provide a detailed review of strategies aimed
at reducing morbidity and mortality associated
with this maternal condition. We will discuss the
available evidence regarding the maternal use of
antibiotics, the use of corticosteroids according to
gestational age, the use of magnesium sulphate
for fetal neuroprotection, the use of tocolytic
agents, and the best moment for and route of
delivery. This review also covers the effects
of prolonged preterm premature rupture of
membranes, infant morbidity and mortality in
the short and long term, the harmful effects of
antibiotics after delivery, including the effects
on neurodevelopment and the presence of long-
term chronic diseases.
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INTRODUCTION

Preterm premature rupture of
membranes (PPROM) means the
rupture of the membranes before labor
starts prior to 37 weeks of gestation.
The etiology of PPROM is unknown
but some factors increase the risk for
it, such as cervical shortening or intra-
amniotic infection.!

DIAGNOSIS

More than 90% of cases are
confirmed based on the patient’s
description and a speculoscopy
with monitoring of direct amniotic
fluid leaking. Detection rises to 97%
with the help of a nitrazine test (pH
indicator) or a crystallography.?*If
an ultrasound shows absent or low

amniotic fluid levels, the diagnostic
suspicion is even more relevant.
However, a normal amniotic fluid
volume does not rule out the
diagnosis.

Vaginal examination is not
recommended because it increases
the risk for infection and reduces the
latent period to birth.!

Once PPROM is diagnosed, the
patient is examined to determine
if there is any indication for
delivery, such as chorioamnionitis.
Then, if expectant management is
decided upon, interventions will be
implemented.

Antibiotic therapy
Its objective is to prevent an

ascending infection and prolong

pregnancy so as to indicate
corticosteroids and reduce perinatal
and maternal morbidity. According
to the Cochrane Review, the use of
antibiotics versus placebo did not
show significant differences in terms

of neonatal mortality rate, but it did

in relation to the following:**

1. A lower incidence of
chorioamnionitis; RR: 0.62 (95%
confidence interval [CI]: 0.51-0.75).

2. A lower incidence of maternal
infection; RR: 0.85 (95% CI: 0.76-
0.96).

3. An increase in the latent period
to birth of 48 h; RR: 0.77 (95%
CI: 0.72-0.83).

4. An increase in the latent period
to birth of 7 days; RR: 0.88 (95%
CI: 0.84-0.92).

5. A lower incidence of neonatal
infection; RR: 0.67 (95% CI: 0.52-
0.85).

6. A lower surfactant requirement;
RR: 0.83 (95% CI: 0.72-0.96).

7. A lower number of neonatal
ultrasound lesions; RR: 0.82 (95%
CI: 0.68-0.99).
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The adequate antibiotics include:*”

e Erythromyecin (250 mg every 6 h orally) over
10 days.??

e Ampicillin (2 g every 6 h) + erythromycin
(250 mg every 6 h intravenously) over 48 h
and continue with amoxicillin (250 mg every
8 h) + erythromycin (333 mg every 8 h orally)
over 5 days.’

e Ampicillin (2 g every 6 h) + erythromycin
(500 mg every 6 h intravenously) over 48 h
and continue with ampicillin (500 mg every
6 h) + erythromycin (500 mg every 8 h) orally
over 5 days."?

e In case of allergy or beta-lactam antibiotic
resistance, clindamycin (900 mg every 8 h
intravenously) over 48 h and then 300 mg
every 8 h orally over 5 days."

Amoxicillin/ clavulanic acid is contraindicated
because it increases the risk for necrotizing
enterocolitis.”?

In relation to beta-hemolytic Streptococcus, a
vaginal swab is recommended once a patient with
PPROM is admitted."? If it was not done or the
result is not available upon delivery, antibiotic
prophylaxis with penicillin or ampicillin
should be given or, in the case of allergy, with
clindamycin.*' Penicillin prevents ampicillin-
resistant Escherichia coli, which is a high-risk
strain for newborn infants (NBIs) because it
increases early sepsis."

Corticosteroids

The recommendations in the case of PPROM
are similar to those for patients at a high risk for
preterm birth in general, although the following
controversial issues still exist:'*

Preferred regimen?

The Cochrane Reviews from 2013 and 2017
concluded that the most beneficial regimen is yet
to be defined:">"*

e Betamethasone: 2 doses of 12 mg
intramuscularly 24 h apart.

e Dexamethasone: 4 doses of 6 mg
intramuscularly 12 h apart.

Single or repeated doses?

Since the effect of corticosteroids decreases
if the interval to birth is more than 7 days, !>
several studies analyzed the effects of repeated
doses.?” A limitation of this is the heterogeneity
of studies and their outcomes. Some studies
found beneficial effects with repeated courses;
others described untoward effects, such as a

lower birth weight, height or head circumference,
or a greater —but not significant- risk for cerebral
palsy. The Cochrane Reviews from 2015,” which
focused on repeated corticosteroid dose analysis,
and from 2017, which carried out an overall
analysis of corticosteroid use," concluded that
further studies are necessary to define the long-
term risk and benefits for the mother and the
NBI and proposed a meta-analysis of individual
patient data; the results of this have not been
published yet.0?

The Royal College of Obstetricians and
Gynaecologists!®, the American College of
Obstetricians and Gynecologists,'** and the
National Ministry of Health of Argentina'” do not
recommend multiple courses of corticosteroids
(>2). According to the Australian Preterm Labour
Clinical Guideline (2015)," a “rescue” dose may be
indicated if more than 1 week has elapsed since
the first corticosteroid course and gestational age
is < 32'¢ weeks:

e A complete course (e.g., 2 doses of
betamethasone), or
e 1dose and, in the case of another week elapsed

before birth prior to 32 weeks of gestation, 1

last dose.

The American College’s guideline (2017)
extends the “rescue” dose up to 34 weeks of
gestation for pregnancies at risk for preterm birth,
but it states there is no evidence for or against it in
the case of PPROM.*

Less than 24 weeks of gestation?

Some studies suggested that corticosteroids
as of 23 weeks of gestation may be beneficial,*
and some guidelines have already added the
recommendation as of 23 weeks."*%

Late preterm birth?

NBIs born between 34 and 36*¢ weeks account
for 70% of preterm births. A randomized clinical
trial* compared corticosteroids versus placebo in
women with singleton pregnancies between 34
and 36+° weeks of gestation at risk for preterm
birth (approximately 20% corresponded to
PPROM) and found a reduction in the primary
outcome measure compared to placebo (RR: 0.80,
95% CI: 0.66-0.97).3* Hypoglycemia was more
common in the betamethasone group (RR: 1.61,
95% CI: 1.38-1.88), but there were no associated
adverse events. Although some guidelines have
already introduced the use of corticosteroids
for late preterms,® there is consensus that
these infants require long-term follow-up. The



frequency of neurodevelopmental disorders in
this group is higher than among NBIs born at
39-41 weeks of gestation, and corticosteroids may
also be beneficial at this level.%

Multiple pregnancies?

Most studies were conducted in singleton
pregnancies; for this reason, the Cochrane Review
from 2017 concluded that further studies in
multiple pregnancies are required.' Still, the
guidelines recommend corticosteroid use in twin
pregnancies at risk for preterm birth between
23/24 and 34 weeks of gestation.®

Summary of corticosteroid use in preterm

premature rupture of membranes

e A corticosteroid course should be indicated
between 23/24 and 34 weeks of gestation,
regardless of the number of fetuses.

e A corticosteroid course should be indicated
between 34 and 36*¢ weeks of gestation in
singleton pregnancies.

e [t should be noted that multiple courses of
corticosteroids (> 2) are not recommended.

Magnesium sulphate for fetal neuroprotection

The survival of preterm NBIs has increased
thanks to the advances in neonatal care,
in association with a parallel increase in the
prevalence of neurological and developmental
disorders.?* The Cochrane Review? on
neuroprotection with magnesium sulphate
showed the following outcomes:

o Cerebral palsy: relative reduction of 32%; RR:

0.68 (95% CI: 0.54-0.87).

e Gross motor dysfunction: significant reduction;

RR: 0.61 (95% CI: 0.44-0.85).

In the 6-year follow-up of the Australasian
Collaborative Trial of Magnesium-Sulphate
(ACTOMgSO,),* no differences were found
between those who received magnesium sulphate
and those who did not.* Similar results were
observed in the long-term follow-up of the
Prevention of cerebral palsy by magnesium
sulphate (PREMAG) trial.*t However, it is still
unknown whether the absence of long-term
benefits is the consequence of incomplete patient
follow-up, which decreases the power of the
study, and the fact that cognitive development
is affected by environmental factors that cannot
be measured.® In addition, neither of these
2 studies found evidence of damage in the long-
term follow-up, suggesting that the beneficial
effects at two years would not be counteracted by
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subsequent damaging effects.*?

In brief, the use of magnesium sulphate
for fetal neuroprotection in case of imminent
preterm birth prior to 32 weeks of gestation, both
for singleton and multiple pregnancies, may
reduce the risk for cerebral palsy and gross motor
dysfunction in the short term by 30-40%.%

Tocolytic agents

Their use is controversial.* It may
be associated with an increased risk for
chorioamnionitis without showing neonatal
or maternal benefits.! Therefore, prophylactic
tocolysis should only be considered if it is
necessary to prolong the pregnancy for 24-48 h
to allow for fetal lung maturation and transfer to
a facility with a higher level of care for pregnant
women with < 34 weeks of gestation.*4

The therapeutic use of tocolytic agents among
patients in labor did not show an increase in the
latent period or improved neonatal outcomes.!

Best moment for delivery
The traditional recommendation is delivery

at 34 weeks of gestation."'*” However, this is

controversial. The Cochrane Review from 2017*

compared early birth and expectant management

up to 37 weeks of gestation among women with

PPROM between 34 and 37 weeks.

No differences were observed in terms of
neonatal sepsis (RR: 0.93, 95% CI: 0.66-1.30) or
neonatal infection confirmed with a positive
culture (RR: 1.24, 95% CI: 0.70-2.21), perinatal
mortality (RR: 1.76, 95% CI: 0.89-3.50) or stillbirth
(RR: 0.45, 95% CI: 0.13-1.57). The following was
observed in the immediate birth group:

e A higher incidence of respiratory distress
(RR: 1.26, 95% CI: 1.05-1.53).

e A higher rate of C-sections (RR: 1.26, 95%
CI: 1.11-1.44).

e A higher rate of neonatal mortality (RR: 2.55,
95% CI: 1.17-5.56), need for mechanical
ventilation (RR: 1.27, 95% CI: 1.02-1.58), and
admission to the intensive care unit (RR: 1.16,
95% CI: 1.08-1.24).

Against the expectant management approach,
results only showed that early birth was
associated with a lower rate of chorioamnionitis
(RR: 0.50, 95% CI: 0.26-0.95).

Therefore, and although current guidelines
suggest delivery at 34 weeks, an expectant
management up to 37 weeks of gestation
may be considered provided that there are
no contraindications to continuing with the
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pregnancy and with an adequate monitoring of
maternal and fetal health.

Route of delivery
PPROM by itself is not an indication for
C-section.

Previability

PROM prior to 23-24 weeks of gestation,
an uncommon complication, is a dilemma for
both patients and physicians, and there is no
consensus on its management and treatment.*
Perinatal survival has increased thanks to the
advances in neonatal care. However, previable
PPROM is a condition that entails a guarded
prognosis and feared complications, such as early
sepsis, pulmonary hypoplasia, intraventricular
hemorrhage, periventricular leukomalacia,
necrotizing enterocolitis, retinopathy of
prematurity, and neurodevelopmental disorders.
Therefore, in clinical practice, the greatest
challenge is to achieve “intact” survival (without
major disabilities).

A recent study® analyzed the results of
73 pregnancies and 93 fetuses with PPROM
between 15 and 23.5 weeks of gestation. Two thirds
decided to continue with the pregnancy. No case
of sepsis or thrombosis was observed. Eleven cases
of fever with suspected endometritis that were
resolved with antibiotics were reported. Among
the women who continued with the pregnancy,
two thirds had a live birth at a median gestational
age of 22.4 weeks at the time of delivery (range:
16.2-34) and a latent period to birth of 38 days.
Among live births, 20% died in the neonatal
period and 80% were discharged from the hospital.
The main neonatal complications included
respiratory distress syndrome (100%), pulmonary
hypoplasia (29.5%), and infection (56.8%). The rate
of intact survival was 45.5%. Thus, an expectant
management is a valid option to be considered
during counseling.'**%

Considerations for future pregnancies

Patients with singleton pregnancies and a
history of prior preterm birth (with or without
PPROM) should be offered an intervention to
reduce the risk of recurrence; progesterone is the
most commonly used drug in these cases.*"*2

Short- and long-term impact of preterm
premature rupture of membranes in preterm
newborn infants

Most unfavorable situations affecting

pregnant women, such as PPROM, have negative
consequences on the fetus and the infant, very
especially on extremely preterm or very low birth
weight NBIs.

Actions before and after childbirth

In the presence of PPROM, an early
consultation between the neonatologist and the
parents is the right action. Parents usually feel
very anxious and it is an ethical mandate for
neonatologists to meet with them as many times
as necessary. Any information given to parents
should be communicated in a clear, calm manner
without euphemisms, giving them time to ask
questions and making them feel they are not
alone.

If health care providers decide to terminate
the pregnancy, parents should know the reason
for such decision.

Considerations in relation
to neonatal clinical course

Contrary to what might be assumed, bacterial
infections are not the major problem associated
with PROM, but prematurity is. However,
even though infections are not very common,
they account for a potentially severe condition
occurring before birth due to the ascending
bacteria from the vagina. Their incidence depends
mostly on maternal clinical care and the presence
of chorioamnionitis. Strict monitoring techniques,
especially avoiding vaginal examination, reduce
the likelihood of maternal and fetal infections.
In our experience, around 3% of preterm births
with PROM had confirmed sepsis, but there is
consensus that the rate of infection is twice as
high among preterm infants born at less than
28 weeks of gestation.

Care before and after childbirth

Initial care is that usually provided when
delivering high-risk NBIs and, if necessary, the
current standards of neonatal resuscitation should
be implemented. Actions at the neonatal care unit
are also similar and, depending on the clinical
presentation, necessary treatments and tests will
be established.

Preterm infants born to mothers with PROM
should be frequently monitored but this does not
mean that those born after 35 weeks of gestation
and without symptoms should not be monitored
in the room with their mothers.

Ancillary tests to detect infections are
necessary in NBIs with clinical signs of sepsis



and in extremely preterm infants. The widespread
practice of performing lab tests and cultures
in all infants born to mothers with PROM is
unfounded.

Considerations on the maternal use of
antibiotics

In recent years, potential harmful effects have
been observed in NBIs whose mothers received
certain antibiotics. Intrauterine colonization has
an important impact on the development of
immunity and metabolism in NBIs. Microbiota
alteration before and/or after birth, associated
with epigenetic modifications, may lead to
diseases in the neonatal and later periods.**
However, a study found that the indication of
erythromycin in mothers was not associated with
learning deficits at 11 years old, another reason
for this to be the antibiotic of choice.*

Antibiotics in preterm newborn infants

The indication of antibiotics has been highly
controversial because of the potential short-
and long-term harmful effects. This practice is
usually implemented in most preterm infants
born to mothers with PROM, even in the absence
of clinical signs, which is inadequate because it
may be associated with certain risks, such as gut
flora alteration, which leads to greater morbidity
both in the neonatal period and in the long
term.”*® Not with standing this, owing to the
usual respiratory disorders and hemodynamic
alterations observed in preterm infants, together
with the presence of PROM, it is very difficult
to define the presence or absence of early sepsis,
which may warrant the administration of
antibiotics in special situations. In the case of
chorioamnionitis, preterm infants usually receive
antibiotics since the moment of birth, even if they
have no clinical signs. This is a very debatable
action which lacks evidence-based support and
that is based on the likelihood of a subclinical
infection at birth, which is highly improbable.***!
However, a serious problem is that, in many
neonatal care units, antibiotics are indicated
to NBIs without maternal infection or clinical
symptoms, just based on the history of PROM.
This is an entirely inadequate practice because it
increases damages by altering the gut microbiota
and causes other short- and long-term harmful
effects. Such improper action increases the
presence of late sepsis, the most common cause
of death in neonatal care units, and its long-term
consequences may lead to neurodevelopmental
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disorders®®® and greater bacterial resistance.*

In addition, several studies observed that
antibiotic use in NBIs was associated with chronic
gastrointestinal diseases in adolescents and
adults, such as inflammatory bowel disease®
and Crohn’s disease,®” both associated with a
higher risk for abdominal cancer.®

To conclude, it is critical for neonatologists to
avoid the unwarranted use of antibiotics due to
the very high risk for severe adverse reactions in
the neonatal period and in the long term.*’°®
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