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T
he outlook for preterm premature
rupture of membranes (PPROM)
has improved considerably since a

landmark study showed clear benefits of
antibiotics. 

Previously, approximately 80% of
women with PPROM experienced sponta-
neous labor within 48 hours with expec-
tant management. 

We now know that infection is a major

cause of PPROM and that antibiotic ther-
apy decreases neonatal morbidity and
increases the interval from rupture of
membranes to delivery. These benefits are
most evident at early gestational ages.

This article reviews newer studies, as
well as that breakthrough 1997 study, and
their implications for diagnosis and treat-
ment, including optimal drug regimens.
Recommendations for 4 special situations
are also discussed:

• presence of cerclage, 
• herpes simplex infection, 
• bleeding, and 
• outpatient management.

Despite progress, research is still need-
ed. For example, because much of our
information about clinical interventions
for PPROM, such as corticosteroid thera-
py and use of tocolytics, predates the use
of antibiotics, many earlier studies need to
be repeated.

❚ A variety of methods 
confirm the diagnosis

Approximately 90% of patients with
PPROM report nonurinary fluid leaking
from the vagina.1,2 Nevertheless, a history
of leaking fluid should be confirmed by
examination.
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for expectant management
Since antibiotics prolong latency in most cases, 
expectant management has become more feasible, 
with fewer morbidities at the time of delivery.
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❚ A large, prospective, randomized, controlled trial

clearly showed that antibiotics decrease neonatal 
morbidities and prolong the interval between rupture 
of membranes and delivery.

❚ Avoid digital cervical examination during testing
for rupture of membranes because it may hasten delivery
and increase neonatal morbidity.

❚ Consider giving magnesium sulfate and corticosteroids
to patients with preterm premature rupture of membranes
at or beyond 23 weeks, provided there is no evidence 
of infection. After 32 weeks, deliver the infant if either
intraamniotic infection or fetal lung maturity is present.

❚ At delivery, amnioinfusion decreases variable 
decelerations and improves pH when clinically indicated.
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Nitrazine paper test

The most common way to diagnose rup-
ture of membranes involves exposing
nitrazine paper to the leaking fluid. If the
fluid is alkaline, the paper will turn
bright blue. 

However, seminal fluid, urine, and
blood can also turn nitrazine paper blue.
Therefore, a confirmatory method
should be used with nitrazine paper test-
ing. 

Fern pattern test

When amniotic fluid proteins are allowed
to dry and then examined under a micro-
scope, they will exhibit a “fern” pattern.

The combination of nitrazine paper and
the fern test has a specificity of over 90%.

Avoid digital cervical examination

Digital examination during testing may
diminish latency (the period from rupture
of membranes to delivery) and increase
neonatal morbidity.3

Testing at early gestational ages

Occasionally, PPROM occurs early in the
middle trimester. At such early gestations,
amniotic fluid may not fern or produce the
classic blue color when exposed to
nitrazine paper. 

Other tests may be used, however:
• Ultrasound can help in evaluating the
quantity of amniotic fluid. 
• Indigo carmine dye can be placed in the
amniotic cavity, with a tampon inserted
in the vagina. If the tampon turns blue
when the patient ambulates, rupture of
membranes is confirmed. 
• Alpha-fetoprotein and human chorio-

gonadotropin. When alpha-fetoprotein
is present and human choriogo-
nadotropin is highly concentrated in
amniotic fluid, ruptured membranes
are confirmed.4

Fortunately, a large majority of
patients can be diagnosed using clinical
history, nitrazine paper, and the fern pat-
tern test.  
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History, nitrazine
paper, and the 
fern pattern test
are usually 
sufficient 
for a diagnosis.
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Definition 

Preterm premature rupture of membranes
(PPROM) is ruptured membranes before the 37th
week of gestation.

Incidence 

PPROM complicates 3% to 4.5% of all pregnancies
and is responsible for 30% to 40% of all preterm
births.26 This high incidence makes it a major cause
of premature birth in the United States.

Predisposing factors 

African-American women appear to have a higher
incidence of PPROM than Caucasian women.27

Smoking is strongly correlated with PPROM,28 as
it is with most poor perinatal outcomes. 

Nutritional deficiencies in hydroxyproline, vitamin
C, copper, and zinc also are linked.26

The precise cause is unknown

Ascending infection29 and uterine bleeding1 are both
strongly correlated with PPROM. An incompetent
cervix is also thought to play a role, as are condi-
tions involving connective tissue abnormalities,

such as those found in Ehlers-Danlos syndrome.
Unfortunately, we have yet to identify a factor or

factors that could be linked to a specific cause for
any given patient. Such knowledge would enable us
to abandon empiric treatment in favor of more spe-
cific management guidelines.

Infection plays a major role in most cases

Bacteria in the vagina ascend through the intracer-
vical canal and establish subclinical infection in the
lower uterine segment.29

This activates macrophages and polymor-
phoneutrophils as a host defense mechanism.
Macrophages release interleukin-6, interleukin-8,
and tumor necrosing factors, while lysis of poly-
morphoneutrophils triggers the release of proteo-
lytic enzymes. 

These enzymes not only destroy the invasive
microorganisms, but are capable of damaging the
chorion and amnion, increasing the likelihood of
ruptured membranes. 

As we come to understand these mechanisms
more fully, we should be able to tailor therapy to
specific etiologies, thereby optimizing outcomes.30

Snapshot of PPROM
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❚ Gestational age 
determines management

The number 1 factor determining manage-
ment is gestational age.

Before 23 weeks, the pregnancy 

is considered previable

Counsel these patients about the risk of
infection, the prognosis of extreme prema-
turity, and the generally poor outcome of
these pregnancies, which can involve pul-
monary hypoplasia secondary to severe
oligohydramnios (FIGURE 1). 

Induction of labor is an option to ter-
minate the pregnancy. If the patient choos-
es expectant management, monitor her
closely for infection.4 Outpatient manage-
ment is acceptable for the highly compli-
ant patient. However, once fetal viability
is attained, readmit the patient to monitor
maternal and fetal well-being. 

Between 23 and 32 weeks

Treat these women expectantly in the hos-
pital unless there is evidence of infection or
fetal compromise. Management includes
intravenous antibiotic therapy and corti-
costeroids, as recommended by the
National Institutes of Health (FIGURE 2).5

Although it is controversial, consider
magnesium sulfate tocolytic therapy if
the patient is actively contracting with no
evidence of infection.6

Some authorities recommend amnio-
centesis (at any gestational age) to rule
out infection prior to expectant manage-
ment, while others consider the appropri-
ate use of clinical parameters to be ade-
quate.6

After monitoring the patient in the
labor suite for 24 to 48 hours, transfer
her to the antenatal ward, if she is stable,
for frequent fetal surveillance and mater-
nal evaluation. Continue to evaluate her
for signs of intraamniotic infection such
as fever, uterine tenderness, and foul-
smelling discharge. 

Many authorities recommend daily
nonstress testing or biophysical profiles
to evaluate fetal well-being.7

Between 32 and 34 weeks 

Management for this gestational age range
is the most controversial (FIGURE 3).
Mercer et al8 demonstrated that expectant
management is harmful to the neonate if
fetal lung maturity is present. Most experts
contend that some method of fetal lung
assessment should be undertaken. The
most effective method is sampling amniot-
ic fluid by amniocentesis. Not only can
fetal lung maturity be determined, but the
fluid can be analyzed for evidence of infec-
tion using the Gram stain, glucose level,
and white blood cell count. 

When an amniocentesis site is unavail-
able, consider assessing fetal lung maturity
via a pooled amniotic fluid sample from
the vagina.9 Deliver the infant if either
intraamniotic infection or fetal lung matu-
rity is present.

If there is no evidence of fetal lung
maturity, expectant management is usually
recommended for pregnancies between 32
and 34 weeks. 

PPROM: Expectant management ▲
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Without evidence
of fetal lung 
maturity, expectant
management is
advised between
32 and 34 weeks. 
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In a recent survey of maternal-fetal
medicine specialists in the United States,
58% recommended delivery at 34 weeks
of gestation.10 

For patients who are at less than 34
weeks upon presentation—or to be treated
expectantly—consider giving antibiotics,
corticosteroids, and tocolysis during the
first 48 hours.

❚ The new standard of care:
Antibiotic therapy

In the 1980s, several studies suggested
antibiotics were beneficial for PPROM
patients.11 More recently, the Maternal-
Fetal Medicine Network published the
results of a large, prospective, randomized,
double-blind, placebo-controlled trial
clearly demonstrating that antibiotics pro-
long the latency period and decrease

neonatal morbidities (see “Antibiotics in
PPROM improve outcomes in Maternal-
Fetal Medicine Network study,” above).12

Limited- versus 

broad-spectrum antibiotics 

Although antibiotic therapy is now the
standard of care for patients with
PPROM, it remains unclear which antibi-
otic is best. Some researchers have recom-
mended limited-spectrum antibiotics,
while others prefer a broader-spectrum
approach.13 Several recent studies14 have
suggested that erythromycin is effective for
eradicating Mycoplasma and Ureaplasma
and beneficial for the neonate.

Optimal duration 

of antibiotic therapy is unclear

Most early studies advocated standard
treatment from the time of ruptured
membranes until delivery, while others
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Numerous small, prospective, randomized trials
comparing antibiotics with placebo have demonstrat-
ed prolonged latency (period from rupture of mem-
branes to delivery) in the women with preterm pre-
mature rupture of membranes (PPROM) who were
given antibiotics. 

However, these studies lacked sufficient power to
establish a decrease in neonatal morbidity with
antibiotics, although a meta-analysis by Mercer and
Arheart31 suggested such a decrease existed.

The breakthrough trial

Finally, in 1997, the Maternal-Fetal Medicine Network
of the National Institute of Child Health and Human
Development published a study large enough to defin-
itively answer the question.12

A significant decrease 

in morbidity and mortality 

Since these findings were published, controversy has
shifted to the choice of antibiotics and the length and
route of administration. 

In this study, 614 women between 24 and 32
weeks of gestation with confirmed PPROM were ran-
domized to intravenous ampicillin (2 g every 6 hours)
and erythromycin (250 mg every 6 hours) for 48

hours followed by oral amoxicillin (250 mg every 8
hours) and erythromycin base (333 mg every 8
hours) for 5 days, or placebo. None of the women
had received corticosteroids for fetal maturation or
antibiotic treatment within 1 week of randomization. 

In the study group, the composite primary out-
come of interest decreased significantly—pregnan-
cies with at least 1 of the following: fetal or infant
mortality, respiratory distress, severe intraventricular
hemorrhage, stage 2 or 3 necrotizing enterocolitis, or
sepsis within 72 hours of birth. 

Practice recommendation

I use ampicillin (2 g IV every 6 hours) and
azithromycin (500 mg orally or IV on day 1 followed
by 250 mg every day for 4 days) because data from
the ORACLE trial14 suggested an increased incidence
of necrotizing enterocolitis with amoxicillin and
clavulanic acid. I also treat patients for 7 full days,
even though preliminary data suggests 3 days may
be adequate.15

More trials ahead

Expect to see many more randomized trials seeking
to establish the best antibiotic, route of administra-
tion, and length of treatment.  

Antibiotics in PPROM improve outcomes in Maternal-Fetal Medicine Network study
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recommended 7 to 10 days of therapy.
Several recent trials15 have found 3 days
of therapy to be equivalent to 7 days.
However, these studies lack sufficient
power to warrant a shorter duration of
therapy at this time. 

❚ Corticosteroids beneficial
if infection is treated

In 1998, the National Institutes of Health
issued a Consensus Statement5 recom-
mending corticosteroid therapy to acceler-
ate fetal lung maturity and decrease
neonatal morbidity in PPROM patients.
Many authorities questioned the wisdom

of this recommendation, since earlier stud-
ies had suggested an increased risk of
maternal morbidity when corticosteroids
are given as therapy for PPROM.16

However, these early studies did not use
antibiotics to treat infection—the primary
cause of PPROM—and many patients
underwent digital vaginal exams, which
probably contributed to unfavorable
maternal and neonatal outcomes.

I recently began treating PPROM
patients with antibiotics for 12 hours prior
to administering corticosteroids and noted
a considerable benefit for steroid therapy.17

I therefore recommend that PPROM
patients who are treated expectantly
receive corticosteroids unless there is evi-
dence of an infection.  

❚ Tocolysis: Jury still out
The use of tocolytics also is controversial.
Many original studies reported no overall
benefit and a significant increase in
maternal morbidity when tocolytic thera-
py was given for ruptured membranes.18

However, many patients in these trials
underwent digital vaginal exams and
were not given antibiotics, and many
received corticosteroids.

In my practice, I give magnesium sul-
fate and corticosteroids for the first 48
hours to women at or beyond 23 weeks’
gestation, provided there is no evidence of
infection.19 However, additional data is
needed before this management protocol
can be considered the standard of care.

❚ Assess fetal well-being
frequently

Initial recommendations for antepartum
testing were based on the high perinatal
morbidity and mortality associated with
PPROM. Nonstress testing was the founda-
tion of therapy, and many authorities advo-
cated daily nonstress testing even in the
absence of definitive proof of its benefit.4

In the late 1980s, Vintzileos20 and other
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experts recommended daily biophysical
profiles, suggesting that this strategy could
identify patients with subclinical infection. 

Daily biophysical profiles: No benefit

beyond that of daily nonstress test 

My colleagues and I7 conducted the only
reported prospective, randomized trial
comparing daily biophysical profiles to
daily nonstress testing with backup bio-
physical profiles for abnormalities. We
concluded that daily biophysical profiles
provide no benefit beyond that achieved
with daily nonstress testing. Whether a less
intense testing protocol would produce the
same benefit is unclear. 

Important to recognize

high risk of poor perinatal outcome

The important point in managing patients

with PPROM is recognizing the high risk of
poor perinatal outcome. For this reason,
frequent evaluation of fetal well-being is an
essential element of any management plan.

❚ Determine mode of delivery
as usual, but monitor fetus 

In PPROM cases, the fetus often is intol-
erant of labor, primarily because of oligo-
hydramnios and subclinical infection.
For this reason, monitor the fetus very
closely in the intrapartum period.
Amnioinfusion decreases variable decel-
erations and improves pH in these
patients and should be considered when
it is clinically indicated.21 

Determine the mode of delivery using
routine obstetrical indications. Deliver

PPROM: Expectant management ▲
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Recent reports
disagree with 
earlier studies 
favoring 
cerclage removal. 
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viable breech infants by cesarean section. 
Few data exist on the benefit of cesare-

an for the very premature neonate; use of
routine obstetrical indicators is advisable. 

❚ Special situations
Four conditions may affect management of
the patient with PPROM:

Cerclage in place

Numerous early studies suggested that this
foreign body is a focus of infection and rec-
ommended removal. However, recent
reports have not substantiated these find-
ings.22 A large, multicenter, prospective, ran-
domized trial is underway, which compares
expectant management with cerclage
removal when membranes rupture. It should
provide a definitive answer. 

Herpes simplex infection

If the patient with PPROM has a clinical
outbreak of herpes simplex virus, weigh the
risk of early delivery against the risk of her-
pes simplex infection. Major et al23 com-
piled a case series showing that infants did

not become infected with herpes simplex
virus when women were managed expec-
tantly. Still, consider prophylactic therapy
with antiviral agents in expectantly man-
aged patients. At later gestational ages,
most experts recommend delivery. 

Bleeding

Placental abruptions occur in about 5% of

PPROM pregnancies.24 Some authorities
contend that the cause of abruption is pla-
cental shearing following leakage of amni-
otic fluid and decreased intrauterine vol-
ume. However, bleeding is rarely substan-
tial enough to warrant delivery. Even so,
monitor women with active bleeding in the
labor suite, remaining vigilant for evidence
of fetal compromise.

Outpatient management

Only 1 study has evaluated outpatient
management of women with PPROM.25

Until more definitive information is avail-
able, the American College of Obstetricians
and Gynecologists recommends that outpa-
tient management be limited to approved
study protocols.6 ■
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