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ABSTRACT  

A REVIEW OF THE ETIOLOGY EPIDEMIOLOGY PREDICTION AND     
INTERVENTIONS OF PRETERM PREMATURE RUPTURE OF MEMBRANES.  

By 

Madhavi Kishor Thombre 

Preterm premature rupture of membranes (PPROM) is a clinical subtype of preterm 

delivery (PTD) with multi factorial etiology and itself a determinant of preterm delivery.  

Challenges in study of PPROM include variable case definition, outcome 

misclassification due to inaccurate identification of the initiating event, heterogeneity of 

pathways leading to PPROM and inconsistent evidence in assessing risk factors. 

Neonatal outcomes following preterm premature rupture of membranes vary depending 

on gestational age and latency. Preterm premature rupture of membranes has been 

described as a complex auto toxic condition and its pathogenesis involves the activation 

and interaction of the cytokines, matrix metalloproteinases and the apoptosis pathways. 

Genetic variation and behavioral and environmental risk factors can add complexities to 

understanding these pathways. PPROM is the strongest predictor of preterm delivery 

but PPROM prediction has been a challenging issue. A combination of factors, short 

cervix, previous preterm delivery due to PPROM, and presence of fetal fibronectin seem 

to be the strongest predictors of PPROM at less than 37 and less than 35 weeks 

gestation. Intra amniotic infection as indicated by elevated cytokine levels in vaginal 

fluids also seems to predict PPROM with good sensitivity and modest specificity. 

Interventional studies to prevent PPROM have largely been unsuccessful; specifically 

antibiotic trials in women with bacterial vaginosis have not yielded satisfactory results.
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Chapter 1 Background  

Preterm deliveries (PTD) are currently defined as those that occur at less than 37 

completed weeks of gestational age; however the lower cutoff that distinguishes 

preterm deliveries from spontaneous abortions lacks a consistent definition.(1) A lower 

cutoff of 16 weeks has been proposed and justified based on the observation that the 

etiological risk factors for delivery at 14-23 weeks do not seem to differ from those at 

20-25 weeks.(2)  Moreover women who miscarry in a previous pregnancy during second 

trimester also have increased risk for subsequent preterm delivery.(3) On the other hand 

introducing the lower cutoff at 16 weeks and an upper cutoff of 39 weeks will likely 

overestimate the preterm delivery rates compared to the current rates. The preterm 

delivery rates in the United States have increased steadily, from 9.5% in 1981 to 12.7% 

in 2007. (4)  The overall preterm delivery rate increased by 14% among Caucasian 

White and decreased by 15% among African Americans from 1989 to 2000. (5) This 

increase in preterm delivery in Caucasian White compared to African American seems 

to be driven mostly by medically indicated preterm deliveries (MIPTD).(5)  Temporal 

trends in preterm delivery at the population level have been affected by changes in the 

assessment of gestational age from assessments based largely on last menstrual 

period to those based on early ultrasound.(6) In fact there is some evidence to suggest 

that gestational age assessment may have differentially improved in African Americans 

compared with Caucasian whites especially at 28-31 weeks of gestation.(7) In 2009 the 

preterm delivery rate fell for the first time in decades and was reported to be 12.18% 
(8) 

which was  lower than the 12.7% reported in 2007.(4)
 The preterm delivery rate in the 

United States is higher than other developed countries in Europe where it ranges from 

5-11%. (9) Preterm delivery rates are increasing, mainly because of increases in 

multiple births, but also among singleton births. (10,11)  However more research needs 

to be directed to understand the mechanisms by which the risk factors are related to the 

preterm delivery subtypes, and the disparate etiologic heterogeneity of clinical subtypes 
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of preterm delivery. (1,12)
  Insight into these factors will enable us to implement specific 

prevention programs and target interventions, towards the high risk subgroups.  

Preterm delivery can be subdivided depending on gestational age at delivery. PTDs  

occurring before  28 weeks of gestation  are called extreme prematurity (about 5% of 

PTDs), 28-31 weeks of gestation called severe prematurity (about 15% of preterm 

deliveries), 32-33 weeks of gestation  called moderate prematurity (about 20% of 

preterm deliveries), and 34-36 weeks gestation called near term (about 60-70% of 

preterm deliveries). (1) Another way of classifying preterm deliveries is based on clinical 

subtypes of preterm delivery;  a) Delivery for maternal and fetal indications in which 

labor is either induced or the neonate is delivered by pre labor caesarean section; 

Medically Indicated Preterm Delivery (MIPTD); b) Spontaneous preterm labor with intact 

membranes (SPTL), and; c) Preterm premature rupture of membranes (PPROM). 

Deliveries that follow spontaneous preterm labor and preterm premature rupture of 

membranes are grouped together as spontaneous preterm deliveries (SPTD). The 

stratification of PTD based on these subtypes is controversial, however if risk factors do 

in fact differ (14) then strategies for prevention will vary accordingly.  

Preterm premature rupture of membranes complicates about 3% of pregnancies and is 

associated with about one third of preterm deliveries. (7,15) Among preterm singleton 

deliveries in the United States, currently about 69% are the result of spontaneous 

preterm delivery with intact membranes or PPROM, while 31% are due to medically 

indicated preterm deliveries.(5) Among Caucasian women preterm delivery rates 

following ruptured membranes declined by 23%, and among African American women 

preterm delivery following ruptured membranes declined by 37% from 1989 to 2000. (5) 

Medically indicated PTD increased by 55% in Caucasians and by 32% in African 

Americans during the same period. It is possible that an increase in PTD due to one 

subtype might decrease incidence of  PTD due to another subtype.   
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In this thesis we consider what we know to date about the epidemiology, clinical 

significance, prediction, and interventions for PPROM. 
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Chapter 2 Diagnosis of PPROM  

PPROM is usually clinically diagnosed by a history of watery vaginal discharge and 

confirmed on sterile speculum examination. Diagnosis of PPROM relies on the 

clinician’s ability to document three clinical signs i) visual pooling of clear fluid in the 

posterior fornix of the vagina or leakage of fluid from the cervical os; ii) an alkaline ph of 

the cervicovaginal discharge demonstrated by the yellow nitrazine paper turning blue 

(nitrazine test); iii) microscopic ferning of the cervicovaginal discharge on drying. (16)  

Conventionally tests such as the nitrazine tests and ferning tests have been used to 

diagnose PPROM. The fern test refers to microscopic crystallization of amniotic fluid on 

drying and may give false positive results due to finger prints or contamination with 

semen and cervical mucus and false negative results due to technical error or 

contamination with blood. (17, 18) Reported sensitivity and specificity for the fern test are 

51% and 70% respectively in patients without labor and 98% and 88% respectively in 

patients with labor. (19) These tests become progressively less accurate when more 

than one hour has elapsed after membrane rupture. Nitrazine test is associated with 

high false positive rates when cervicitis, vaginitis (bacterial vaginosis) and 

contamination with blood urine, semen and/or antiseptic agents. (20, 22, 26) Early and 

accurate diagnosis of PPROM would allow for gestational age specific obstetric 

interventions designed to minimize serious complications and optimize perinatal 

outcomes. Conversely a false positive diagnosis of PPROM may lead to unnecessary 

obstetric interventions including hospitalization, administration of antibiotic, 

corticosteroids and potentially induction of labor. (23, 24)  Timely and accurate diagnosis 

of PPROM is critical to optimize pregnancy outcomes, so critical that amnio-dye test 

may be recommended if conventional tests for PPROM are equivocal and pregnancy is 

remote from term. This test involves amniocentesis and installation of dye (indigo 

caramine) into the amniotic cavity. Leakage of blue stained fluid into the vagina within 

20 -30 minutes as evidenced by staining of tampon is regarded as definitive diagnosis 
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of PPROM. Although considered by many investigators as the gold standard test the 

amnio dye test is an invasive procedure. (25) A non-invasive test that determines the 

presence of amniotic fluid protein, the placental alpha microglobulin-1 (PAMG-1),that is 

abundant in the amniotic fluid (2000-25,000ng/mL), but is present in far lower 

concentrations in the maternal blood (5-25 ng/mL) and cervicovaginal secretions in the 

absence of membrane rupture (0.05-0.2ng/mL), is now being used widely in the United 

States. The minimum detection threshold of AmniSure immunoassay is 5ng/mL, which 

should be sufficiently sensitive to detect preterm PROM with an accuracy of 

approximately 99%. (26)  In a prospective observational study of 184 consecutive 

patients presenting with PROM Lee et all (27) demonstrated that the PAMG-1 

immunoassay confirmed rupture of membranes at initial presentation with sensitivity of 

99% specificity of 88%, positive predictive value of 98% and negative predictive value of 

91%. This test was reliable across a wide gestational age range (11-42) and performed 

better than both conventional combined clinical tests and nitrazine test alone in 

confirming the diagnosis of PPROM. 
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Chapter 3 Adverse perinatal outcomes associated with PPROM…  

3.1 PPROM a predictor of preterm delivery  

About 20-40% of cases of ruptured membranes occur before 37 weeks. PPROM is itself 

a predictor of preterm delivery, and hence associated with short and long term maternal 

and neonatal outcomes of PTD.   

3.2 Determinants of neonatal outcomes from PPROM  

a. Latency period or gestational age at rupture associated with neonatal 

outcomes  

Latency period is the period between membrane rupture and delivery. This period is an 

important clinical consideration specific to PPROM. In women with PPROM before 34 

weeks, 50-60% of those conservatively managed will deliver within one week. (28) 

Latency period, is inversely related to the gestational age thereby increasing the risks of 

oligohydraamnios (amniotic fluid index ≤ 5 cm) and subsequent consequences 

associated with oligohydraamnios. (29)  Prolonged latency also increases the risks of 

ascending infection in very premature infants and their mothers. The frequency and 

severity of maternal and fetal complications after premature rupture of fetal membranes 

varies with the gestational age at rupture and delivery. Depending on when in gestation 

membranes rupture the decision to prolong latency or deliver may be influenced by 

potential neonatal outcomes.  There is consistent evidence that gestational age at 

preterm rupture of membranes and latency period are important independent 

determinants of perinatal death. (30)  However there are conflicting studies about 

specific neonatal outcomes associated with latency period.  

 A retrospective cohort study 
(31)

 assessed if prolonged latency worsens perinatal 

outcomes (perinatal outcomes examined were grade III/IV intraventricular hemorrhage, 

periventricular leukomalacia, bronchopulmonary dysplasia). The primary neonatal 

outcome assessed was perinatal survival without major morbidity. The study concluded 

that in pregnancies complicated by PPROM latency does not appear to worsen 
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neonatal outcomes. The presence of perinatal morbidity was strongly correlated with the 

degree of prematurity, rather than the duration of the latency period. If gestational age 

at PPROM and not delivery is significantly associated with white matter damage 
(32)

 or 

adverse neonatal outcomes, delayed delivery may not change the prognosis for 

neurologic morbidity in the PPROM group. This may be an important finding with direct 

clinical application. If gestational age at rupture is the primary determinant of neonatal 

outcomes, then prolonging latency may not have a significant impact on those 

outcomes. 

b. Etiologic determinants of PPROM or gestational age at rupture associated with 

neonatal outcomes  

We seem to have an incomplete understanding of the etiologic determinants of adverse 

neuro developmental outcomes in infants born after PPROM.  We lack specific sensitive 

markers to identify pregnancies at high risk for these outcomes. Cytokines have been 

implicated in long term adverse neonatal outcomes. The most prominent risk factors 

identified for white matter injury in the neonate are inflammatory conditions and cytokine 

exposure. (33) Whether the neonatal outcomes are determined by gestational age or by 

etiologic determinants of PPROM needs to be teased out.  

c. Neonates born after PPROM different from neonates born after preterm labor  

Preterm neonates born after PPROM may be different from neonates born after SPTL. 

Gestational age at delivery seems to be the primary determinant of neurologic outcome 

in the SPTL subgroup, while gestational age at membrane rupture is the main 

determinant in the PPROM group, suggesting that white matter damage may have 

different causative processes and those involved in PPROM may be different from 

those involved in other causes of prematurity. A prospective study of infants born after 

PPROM and infants born after SPTL with intact membranes was conducted to evaluate 

the impact of PPROM on the neuro developmental outcome of infants, as assessed at 

two years of age. (34) After adjusting for gestational age and birth weight infants born 
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after PPROM were more likely to have severe neuro developmental impairment (spastic 

tetraplegia and /or Bayley mental developmental index < 71) than the SPTL group  

(aOR 5.75  95%CI 1.22, 27.18). 

Pulmonary hypoplasia is an important complication of PPROM occurring at less than 29 

weeks of gestation. (35) Pulmonary hypoplasia seems to be associated with gestational 

age at the time of rupture of membranes, duration of latency and oligohydraamnios 

during latency. (29) Winn et al demonstrated that neonatal pulmonary hypoplasia varies 

with the latency period and amount of amniotic fluid in addition to gestational age at 

rupture of amniotic membranes. (30) Earlier the event of premature rupture of 

membranes occurs in the midtrimester, the greater the likelihood that pulmonary 

hypoplasia will occur. The more severe the oligohydraamnios or longer the latency 

period, the greater the impact will be on the development of pulmonary hypoplasia for 

earlier gestational ages. (30) Oligohydraamnios is frequently associated with premature 

rupture of membranes and is a risk factor for the subsequent development of clinical 

chorioamnionitis and neonatal sepsis. (36) Oligohydraamnios in women with PPROM is 

associated with an inflammatory response in the fetal, amniotic, and maternal 

compartments, (37) which can manifest as infection in the intrauterine environment, fetal 

joint contractures, and fetal pulmonary hypoplasia. (29)  

3.3 Maternal morbidities associated with PPROM  

Certain maternal morbidities have been reported in association with PPROM.  

Pregnancies complicated by PPROM that are managed expectantly are at a significant 

risk for placental abruption. (38) Preterm premature rupture of membranes in such cases 

is preceded by bleeding. (38)  

The incidence of intrauterine infection increases with decreasing gestational age at 

membrane rupture. (39)  Rupture of membranes at earlier gestational ages has been 

associated with infection in the chorioamnion. Chorioamnionitis has been reported in 
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0.5% to 71% of pregnancies with PPROM. (35, 40) The highest incidence of 

chorioamnionitis is associated with decreasing gestational age and prolonged latency.  

Conclusion: PPROM itself is a leading cause of PTD, and hence subject to neonatal 

outcomes of PTD. Latency and oligohydraamnios complicates PPROM even further 

leading to adverse maternal and neonatal outcomes. Loss of amniotic fluid due to fetal 

membrane rupture has important fetal and maternal consequences like maternal and 

fetal infection, incomplete fetal lung maturation, and fetal malformations. It is not clear 

whether expectant management or delivery of the neonate is a better choice, and will 

probably depend on the gestational age of rupture and maternal and fetal morbidities 

associated with PPROM. Pro inflammatory cytokines have been implicated in adverse 

neonatal outcomes and in PPROM however the evidence is inconsistent.  
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Chapter 4 Challenges in study of PPROM  

4.1 Case definition and misclassification of PPROM  

Spontaneous rupture of membranes is a normal component in the course of labor and 

delivery. Rupture of membranes that occurs before the onset of labor at term can be 

defined as premature rupture of membranes (PROM). Membrane rupture that occurs 

(>2hrs) before the onset of labor at a gestational age of less than 37 weeks has been 

defined as preterm premature rupture of membranes (PPROM). This definition is not 

very consistently used in the literature and latency period of less than two hours may 

also be classified as PPROM since membrane rupture was the initiating event. 

Inconsistent and interchangeable use of either initiating event or duration of latency in 

the case definition of PPROM has led to some misclassification of cases in the 

literature. Which definition is more “accurate” is not clear but most studies have used 

the initiating event as the case definition, along with certain diagnostic tests such as 

ferning to identify membrane rupture.  

There is a potential for misclassification of preterm delivery subtypes in epidemiological 

studies since all three delivery circumstances can occur in the same pregnancy and 

hence correctly identifying the triggering event may be difficult and may depend on 

factors such as self-report and access to medical care.  

Some outcome misclassification can occur if contractions are missed or ignored, and as 

a consequence membrane rupture is defined as the initiating event. Outcome 

misclassification can also occur when membrane rupture is not apparent and diagnostic 

tests have high false negative or false positive results. Outcome misclassification has 

implications for understanding the etiology of the subtypes of preterm deliveries.  

4.2 Heterogeneity of pathways  

PPROM has a multi-factorial etiology and some of the causative factors are unknown.  It 

has been proposed that since the major component of the fetal membranes that 

provides tensile strength is collagen, any alterations in collagen production, in terms of 
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quantity and quality, structure, imbalance in production and degradation of collagen, or 

increased collagenolytic activity, can alter the strength of fetal membranes leading to 

their rupture. (41) Fetal membrane rupture is likely to be a result of biochemical changes 

as well as physical forces. (42) Some connective tissue disorders in fetuses, like the 

Ehlers Danlos syndrome where the collagen content and structure are altered, are 

dramatic examples of preterm premature rupture of membranes. (43)  

Since these pathways are assumed to operate at the maternal fetal interface it is helpful 

to first consider the physiological structure of the human fetal membranes.  

a. Structure of fetal membranes  

The human fetal membranes consist of the amnion and chorion connected by 

extracellular matrix (ECM). (44) This membranous layer, exclusively fetal in origin, 

surrounds the intrauterine cavity and provides the sac in which the fetal growth takes 

place. (45)   

i. Amnion 

The amnion is derived from the embryonic ectoderm and is made up of five distinct 

layers: epithelial layer, the basement membrane, the compact layer, the fibroblast layer, 

and the intermediate layer or the spongy layer. (45, 46) Amnion is avascular and devoid 

of nerves, and is in direct contact with the amniotic fluid, from which it derives its 

nourishment. (46) The layer in proximity with the amniotic fluid is the amniotic epithelium 

which secretes the collagen types III and IV and non-collagenous glycoproteins 

(laminins, nidogen, and fibronectin) that form the next layer, the basement membrane. 
(46, 48) The compact layer forms the main fibrous skeleton of the amnion, with the 

interstitial collagens (types I and III) predominating. (47, 48) The fibroblast layer is the 

thickest and consists of mesenchymal cells and macrophages within an extracellular 

matrix. (48) The intermediate layer (spongy layer) lies between the amnion and the 

chorion, contains abundant proteoglycans and glycoproteins, and contains a nonfibrillar 

meshwork of mostly type III collagen. (48) 
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ii. Chorion 

The chorion is four times the thickness of the amnion but the amnion has greater tensile 

strength than the chorion. (49) The chorion laeve is formed from the implanted 

blastocyst at the pole towards the endometrial cavity that is covered by chorion 

fondosum and deciduas capsularis. (50) During the course of the pregnancy the blood 

supply to this area becomes restricted and the villi degenerate, forming the avascular 

chorion. (48)  

iii. Chorioamnion   

At three months gestation the amnion and the chorion fuse to form the chorioamnion. 
(51) By midterm pregnancy the uterus supports the fetal membranes, which completely 

line the uterine cavity. (51)   

iv. Extracellular matrix 

The extracellular matrix (ECM) is composed of fibrous proteins, which confer both 

strength and elasticity to the membranes. (48) These proteins are embedded in a 

polysaccharide gel and form the architectural framework of the chorioamnion. (48) 

Collagens form the major structural framework of the fetal membrane ECM.(48-50, 52-55) 

The strength of the membrane is dependent on the type of collagen that makes the 

ECM. (54) The major tensile strength is provided by collagen types I and III together with 

small amounts of types V, VI, VII. (48) The basement membrane is made up of type IV 

collagen, and it provides the scaffold for the assembly for other non-collagen structural 

proteins (laminin, entacin and proteoglycan), and plays a major role in development and 

maintenance of the ECM. (54) The ECM collagens undergo constant turnover and 

remodeling throughout the entire pregnancy to accommodate and adjust for the growing 

volume and tension as gestation progresses. (47) During the last eight weeks this 

remodeling process results in decreased collagen content of the amnion. (47) 
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b. Mechanisms implicated in the pathogenesis of PPROM  

Most of the times in the process of parturition, labor is followed by rupture of 

membranes and delivery. However sometimes the process may begin with rupture of 

membranes, and progress to labor and delivery. If this process happens at term the 

implications may not be too severe however if membranes rupture before 37 weeks 

preterm delivery is imminent. There is some evidence that the mechanisms of term and 

preterm rupture may be different. 

i. Relaxin   

Mechanisms for rupture of membranes may be different in preterm versus term 

deliveries. It has been shown by investigators that some signaling events at the 

choriodecidual interface may differ in term and preterm premature rupture of 

membranes, and hence preterm premature rupture of membranes could be a 

pathological moiety of the term counterpart. (56) Relaxin is a collagenolytic peptide 

hormone that is produced by the corpus luteum and placenta during pregnancy in 

response to stimulation by human gonadotropin (hCG). (57) Relaxin is widely accepted 

as a hormone involved in uterine growth and development, myometrial contractility and 

cervical ripening. Relaxin causes increased production of matrix metalloproteinases 

(MMP’s) and pro-inflammatory cytokines, and hence has been implicated in PPROM 

rather than preterm delivery due to preterm labor. Risk of PPROM has been related to 

increased levels of relaxin (58) in the placenta. In fetal membranes obtained from twelve 

elective C-sections before the onset of labor, human relaxin (hRLX-2) in vitro has shown 

to cause a 30% decline in tensile strength of the fetal membranes. (59) The expression 

of the two human relaxin genes was quantitated in the deciduas and placentas, of 

subjects. (58) This study was able to show that significantly more relaxin was expressed 

in the preterm deciduas from patients with PPROM when compared to patients with 

preterm labor or patients with c-sections for medical reasons with intact membranes and 

no preterm labor. (58) Relaxin was shown to have different mechanism in term and 
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preterm membrane rupture. Placental tissues after PPROM had a significantly higher 

and a uniform over expression of relaxin in the placental syncytiotrophoblast. A similar 

group of tissues collected at term failed to show any significant differences in relaxin 

expression (58) which suggests that relaxin is involved in the pathology of preterm 

premature rupture of fetal membranes but not in their normal rupture at term. Over 

expression of relaxin was shown to be independent of chorioamnionitis (60) in PPROM, 

which suggests a mechanism other than one associated with the infection pathway. 

However the different modes of action of relaxin at term and preterm have not been 

replicated. If the mechanisms at term and preterm membrane rupture are different then 

identifying triggering events will open up options for interventions and prevention of 

PPROM.  

ii. Infection and maternal response to infection in PPROM  

Microorganisms can gain access to the amniotic cavity by; ascending from the vagina 

and cervix; hematogenous dissemination through the placenta; accidental introduction 

of microorganisms at the time of procedure, and by retrograde spread through the 

fallopian tubes. (1) The likelihood that infection is present in the fetal compartment is 

inversely related to gestational age. (61, 62)The most common pathway is believed to be 

the ascending pathway. The timing of ascent of these pathogenic microorganisms 

seems to be yet unknown, but most investigators believe it happens during the second 

trimester, though some women may have asymptomatic endometrial colonization prior 

to pregnancy.(63) Most investigators now believe that the rate of microbial colonization 

is higher in the chorioamnion than in the amniotic cavity (64) and hence trying to 

estimate the rate of infection based on amniotic fluid culture might underestimate the 

magnitude of association. Subclinical intrauterine infection has also been implicated as 

a major etiologic factor in the pathogenesis of PPROM. (65-69) Intra-uterine infection 

has been implicated as a major etiologic factor in the pathogenesis and subsequent 

long term morbidity associated with PPROM. (70) When microorganisms and their 
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products gain access to the fetus they stimulate the production of cytokines and a 

systemic fetal inflammatory response syndrome (FIRS). (70) Microbial byproducts and 

maternal response to infection have also been associated with PPROM. Some 

mechanism of action of infection can be attributed to the influence of bacterial 

collagenases, and matrix degrading enzymes produced by bacteria. (71) These 

enzymes have been shown in vitro studies to significantly reduce the tensile strength 

and elasticity of the membranes, in a dose dependent manner leading to their rupture. 
(72) The controls for this study were non-collagenase producing organisms. PPROM 

has also been studied in women with intra amniotic infection due to organisms that are 

not known to produce proteases. (71) However antibacterial therapy has failed to show 

any significant results on reducing incidence of PPROM.  

Apart from the action of bacterial enzymes and byproducts on the fetal membranes 

maternal response (to infection) in the form of maternal cytokines has also been 

implicated in the pathophysiological mechanisms of preterm labor complicated by 

PROM. Maternal serum cytokines concentrations of IL-1α, and IL-1β in women with 

premature labor with PPROM were significantly higher than in women in labor and 

PROM at term. (73) Increasing evidence suggests that unexplained cases of idiopathic 

preterm birth may have an underlying immune etiology.(74) Aberrant natural killer (NK) 

cell activation is associated with recurrent pregnancy loss. (75-77) In addition 

complement activation, improper regulation of the complement system (78) has also 

been demonstrated to lead to pregnancy loss.(79) A common factor in all of these 

appear to be the production of pro inflammatory cytokines such as TNF, IL-1β,and IFN- 

γ, which appear to be critical mediators in the induction of pregnancy loss at all stages 

of gestation. (80-82) Midgestation loss appears to be associated with cytokine dominated 

mechanism. (83) Many of these host anti and pro inflammatory processes have been 

associated with early and later pregnancy loss, though not necessarily with PPROM. 

Tumor necrosis factor alpha (TNF- α) is a pro inflammatory cytokine with multiple roles 
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in the immune response. TNF- α is involved in remodeling the cervix and fetal 

membranes by promoting production of collagen degrading matrix metalloproteinases , 

including MMP- 1 and MMP-9.(84) TNF- α under physiologic conditions induces 

trophoblast differentiation, invasion and adhesion, implantation, placental development, 

fetal membrane growth and remodeling.(85) Alterations in TNF- α functions can trigger 

adverse events like endocrine function inhibition, protease activation, and extracellular 

matrix degradation resulting in termination of pregnancy if it occurs early in pregnancy, 

or PPROM  if misregulation occurs later in pregnancy.(85) 

Subclinical infection manifested as vaginal bleeding during pregnancy could be a 

pathway to PPROM. Vaginal bleeding and consequent thrombin generation leads to a 

proteolytic cascade, and enhances decidual MMP-3 expression, which is capable of 

damaging the fetal membranes, leading to PPROM. (74)  

iii. Metalloproteinases and their role in collagen degradation  

In pregnancy fetal membranes undergo programmed collagenolytic remodeling (86, 87, 

41) which is mediated by MMPs and each of these MMPs degrade specific substrate. 

Metalloproteinases use zinc-dependent catalysis to degrade extracellular matrix 

components. Zinc deficiency significantly increases the activity of MMPs and causes a 

reduced collagen type I/III ratio, and delayed cell proliferation and wound healing.(88) 

MMP-9 is believed to be a terminal enzyme in remodeling the extracellular matrix. In 

contrast to many metalloproteinases the production and release of MMP-9 can be 

induced under specific conditions.(89)  MMP activity is regulated by control of 

transcription, translation, at the post translational level, and also at the tissue level by 

tissue inhibitors of metalloproteinases (TIMP’s).(90)  A balanced activity between MMP 

and TIMPs has been documented in the tissue remodeling process.(91) The decrease in 

TIMPs during labor may permit increased breakdown of extracellular matrix in the fetal 

membranes and deciduas at parturition, thus altering cell signaling at the feto-maternal 

interface and facilitating membrane rupture.(92)  
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Increased collagenolysis and a drop in collagen content of the membranes along with 

activation of the family of MMPs have been documented in PPROM. (93) A full system 

of MMPs, TIMPs, MMP activators, and regulatory elements are present in the fetal 

membranes. (92) Various MMP’s have been investigated and implicated in PPROM.  

Most of the active forms of the MMPs (MMP 2, 8, 9) are increased in membranes that 

have sustained premature rupture. (94) MMP-9 expression is induced in epithelial cells, 

monocytes, and macrophages (95) by pro inflammatory cytokines and bacterial 

endotoxins. The median fetal plasma levels of MMP-9 were significantly higher 

(P=0.035) in fetuses with PPROM and differentiated fetuses with PPROM from those 

undergoing premature labor with intact membranes. (96)  Excessive stretching of fetal 

membranes as seen in multiple fetuses is associated with increased IL-8 and MMP 

expression (97) which may lead to PPROM.  

The rupture of membranes either preterm or at term was associated with a significant 

increase in the concentration of the active forms of MMP-9. (98)  Significant decrease in 

the active forms of MMP-2 have been implicated in PPROM (98)  while some  

investigators reported that active forms of MMP-2 in amniotic fluid are increased in 

PPROM. (99) The increase in MMP2 levels is associated with decrease in levels of the 

natural inhibitor and activator of MMP2, TIMP-2, in the amniotic fluid during premature 

rupture of fetal membranes. (99) This study had a smaller number of participants. 

Collection of sample (amniotic fluid) in the preterm premature ruptured group varied 

since samples were collected after delivery and women were treated with antibiotics to 

prolong the latency period.  The TIMP’s seem to have a threshold for the inhibiting 

function, low amounts of TIMP-2 seems to actually cause activation of MMP-2 but are 

not sufficient for inhibition. (100) The interaction and ratio of MMP’s and the active forms 

present in amniotic fluid might also play a role in the rupture of membranes. The 

inconsistency in implicating MMP2 could also be due to the inability of these studies to 

measure MMP2 in active form, and even if levels of MMP2 were raised in amniotic fluid, 
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the active forms (of MMP2) may not be sufficient to cause membrane rupture. It may be 

important to distinguish between active forms of the MMPs as they may be more 

accurate markers than MMP concentrations alone.   

 iv. Genes and their role in PPROM  

Induction of MMP2 may be a function of p53 gene expression increase in PROM. (71)   

The genatolytic activity of latent and active forms of MMP-9 is increased and the 

concentration of TIMP reduced in amniotic fluid of women with PROM and PPROM. (94) 

MMP-9 gene is induced in amniochorion during labor, PROM, and infection. (94) MMPs 

are also initiated by genotoxic agents, or other unknown factors. (71)    

Deoxyribonucleic acid fragmentation was associated with elevations in the levels of the 

two pro apoptotic gene products (p53 and bax) and a drop in the level of the 

antiapoptotic bcl-2, in PROM (71)   Fetal membrane infection induces many of the 

apoptotic pathway genes in vitro. (66) The process of programmed cell death or 

apoptosis has been demonstrated to play a role in PPROM. The two major apoptotic 

pathways that play a role in PPROM are the Tumor necrosis factor (TNF) receptor 

(TNFRI) and Fas mediated pathway (99)   and the p53 pathway. (71)   PPROM is 

associated with an excess in frequency of an allele of the gene for tumor necrosis factor 

that increases the production of tumor necrosis factor in response to a microbial 

challenge, and this relationship is stronger in black women as compared to white 

women. (101, 102) Genetic and environmental risk factors seem to act together to 

increase risk for PPROM. The pathway(s) leading to the outcome if correctly mapped 

may have applications for interventions.  
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v. Reactive oxygen species  

Reactive oxygen species (ROS) are unstable molecules generated in the body, which 

are being proposed to be responsible for damage to the chorioamniotic sac leading to 

their rupture. (103) In vitro studies have shown that collagen in several tissues is the 

primary target for ROS. (104) Normally a balance exists between production and 

elimination of ROS. Oxidative stress (OS) occurs when per oxidants exceeds anti-

oxidants. (103) Isoprostanes (F2 IPs) are produced by ROS attack on polyunsaturated 

fatty acids and are sensitive and specific biomarkers of lipid per oxidation in vivo. (105) 

In a study by Longini et al (103) Isoprostanes (F2 IPs) were measured in amniotic fluid 

and they concluded that an association exists between oxidative stress and PPROM. 

OS caused by ROS can modify the strength and elasticity of the collagen in fetal 

membranes and lead to PPROM. (104, 106)  Studies linking maternal smoking (107) and 

substance abuse, (108) infections, (104) ante-partum bleeding (104) are known to 

produce ROS or reduce antioxidant protection which has been hypothesized to lead to 

collagenolysis of the fetal membranes.  

Cigarette smoke contains superoxide, hydrogen peroxide, hydroxyl ions and nitric oxide 

which could damage the collagen matrix or consume the anti-oxidant defenses. (109 

110) Smoking has been shown to inhibit anti protease activity. (111)  

Vaginal bleeding has been implicated in the etiology and pathogenesis of PPROM 
14,112-116)  Vaginal bleeding has been linked with PPROM as a result of release of free 

iron from red blood cells due to ruptured vessels and bleeding. Increased free iron has 

been hypothesized to catalyze the conversion of hydrogen peroxide to hydroxyl ions. 

Blood adjacent to the chorioamnion has been hypothesized as being a medium for 

subclinical microbial growth. (108) 

The association of infection with PPROM has been well established. (66, 68, 69) ROS 

produced in the activated neutrophils could breakdown the amnion, basement 

membrane or the underlying collagen fibrils by releasing proteinases, which degrade 
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collagen and structural proteins such as fibronectin, laminin and proteoglycan. (111) 

Collagen is the only protein that is susceptible to fragmentation by superoxide. (109) 

Cocaine abuse and its relationship to PPROM are believed to be a result from ROS 

generated by cocaine induced ischemia and then reperfusion. (108) Maybe prospective 

clinical trials with antioxidant supplementation will determine if there is any beneficial 

effect of the antioxidant on the fetal membranes.  

In summary PPROM has been described as a complex autotoxic disease and its 

pathogenesis involves the activation and interaction of the cytokines, MMPs and the 

apoptosis pathways. (94) Genetic variations and behavioral and environmental risk 

factors can add complexities to understanding these pathways. Relaxin seems to be 

involved in preterm rupture but not in term rupture of membranes independent of 

infection. Reactive oxygen species have been shown to induce membrane rupture in in-

vitro studies. Membrane stretch has also been implicated in degrading the membrane 

via the IL-8 pathway and MMP pathways.  The mechanism of action of infection seems 

to be due to the influence of bacterial collagenases and matrix degrading enzymes (71) 

among other factors. These enzymes have been shown in in-vitro studies to significantly 

reduce the tensile strength and elasticity of the membranes, in a dose dependent 

manner, leading to their rupture. (72) It has been shown that the amniochorionic 

membranes are the site of inflammatory cytokine production, (117) in response to 

infection. Thus infection, inflammation and host response is associated with PPROM.   

4.3 Variable evidence in understanding risk factors 

 a. Demographic 

 i. Age   

In a study by Berkowitz et al (14) maternal age of 35 or more has been associated with 

increased risk (aOR =1.5, 95%CI 1.3, 1.8) of PPROM, whereas younger women <20 

years of age were at an increased risk for preterm labor. This study was able to show a 

trend towards increasing risk for PPROM as age increases, (adjusted OR = 1.4, 95%CI 
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=1.2-1.6), for women aged 30-34 years. This difference might give us some insight into 

the different subgroups affected by PTD subtypes. Another study (118) confirmed the 

positive finding of increased maternal age and PPROM, though they did not achieve 

statistical significance. This study by Pickett et al noted that women 35 years and older 

were at an increased risk for PPROM,( OR= 1.44, 95% CI 0.98,2.12) when compared to 

women aged 18-34 years.  Data from the RADIUS study showed that maternal age 

greater than 30 years was associated with PPROM. (119) Increasing maternal age 

shows a consistent relationship or trend to be associated with preterm premature 

rupture of membranes.  

ii. Race 

A population based cohort study (120) using Missouri Department of health’s maternally 

linked birth certificate database assessed racial effect on the occurrence and recurrence 

of PPROM while adjusting for socioeconomic and medical risk factors. Their results 

concluded that black mothers were more likely to have PPROM compared to white 

mothers (a OR = 2.3, 95% CI 2.0,  2.5). The magnitude of this risk was greatest at <28 

weeks of gestation. Black mothers were also at a significantly increased risk of 

recurrence of PPROM compared to white mothers. Additionally the investigators 

identified a subgroup of women positive for indicators of low SES. Among these women 

black women had a 2.44 –fold increase in risk of PPROM compared to white women 

(RR =2.44, 95% CI 2.28, 2.61).The authors suggest that these findings highlight the 

different mechanisms associated with race and suggest a possibility of both genetic and 

environmental components in the pathogenesis of preterm delivery due to PPROM.   

Black women compared to white women, are at a significantly increased  risk for 

PPROM as reported by Pickett et al (118) the adjusted OR =1.74 and 95% CI 1.23, 2.48, 

compared to 1.45 for idiopathic preterm labor, though the magnitude of association is 

modest. Another study (14) demonstrated an increased risk for PPROM in black women 

(not statistically significant) as compared to white women and Hispanic women 
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(aOR=1.9, 95% CI 1.5, 2.3).  Some studies that have shown higher rates of preterm 

delivery among black women are partially explained by higher frequencies of vaginal 

infections in black women. (121) It is possible that differences in vaginal infection rates 

are responsible for the higher frequencies of PPROM in black women.  

iii. Socioeconomic status  

A case control study was done to estimate whether dietary or socioeconomic factors 

were associated with PPROM. (122) There was a significant difference between women 

with PPROM and their matched controls for total family income and education when 

using univariate analysis. The crude ORs for women with PPROM and family income 

<$25,000 was 6.94. However the adjusted OR was attenuated to 3.1 (95%CI 1.6 6.0). A 

case control study by Spinillo et al (115) concluded that low social class of the mother 

was an independent strong predictor of preterm PROM especially among nulliparous 

women.  It is not clear how lower socioeconomic status predisposes women to PPROM 

it could be lack of access to care, different sexual hygiene habits, physical activity,  or 

other factors associated with lower socioeconomic status like stress, depression, poor 

general health, or nutritional deficiencies associated with unhealthy lifestyles.  

b. Obstetric  

i. Role of infection, inflammation 

Epidemiological studies demonstrate an association between colonization of the genital 

tract by group B Streptococcus, Neisseria gonorrhea, and microorganisms responsible 

for bacterial vaginosis, with PPROM (136). In a case control study by Ekwo et al (136) the 

odds of preterm PROM were 6.0 times that of controls among women with intra-

amniotic infection, 3.7 times among those with urinary tract infections, and 7.6 times 

among women with gonorrhea infections after controlling for effects of exposure to 

cigarette smoke, having previous preterm and full term PROM deliveries and ante 

partum bleeding. In a retrospective case-control study of high risk population of inner 

city women Kilpatrick et al (133) concluded that no infectious risk factors distinguished 
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control women from women with PPROM. Many investigators now believe that bacterial 

infection may be the initiator while the host response may be the culprit implicated in 

PPROM. (73, 124) Menon et al have reported that the amniochorionic membranes are 

the site of inflammatory cytokine production. (117) In a quest to identify markers of 

inflammation, a study by Simhan et al was able to show a significant association 

between the presence of vaginal neutrophil counts of >5 per high powered, and vaginal 

pH >= 5 with PPROM at 24 to 32 weeks, when compared with that among women with 

PPROM at 32 to 36 weeks and women without PPROM. (125)  They also reported that 

women with sexually transmitted diseases had elevated vaginal pH and neutrophils 

more frequently than their counterparts without these infections. (125) 

Bacterial Vaginosis, a condition in which the microbial flora of the vaginal tract is 

altered, is a risk factor for PPROM. (126, 127) Bacterial Vaginosis (BV) is asymptomatic 

in approximately 50% of patients. (128, 129) Kurki et al noted a 7.3 –fold increased risk 

of PPROM with early culture proved bacterial vaginosis compared with culture negative 

controls. (130) The preterm prediction study (123) was able to show a modest 2.1 fold 

increased relative risk (95% CI 1.1 to 7.5) for PPROM < 37 weeks with BV in nulliparous 

women as compared to multi parous women. A study from India reported that the 

incidence in the bacterial vaginosis group was 8.69% compared to 0.73% in bacterial 

vaginosis negative group. (131) 

Chlamydia has also been shown to increase risk for PPROM by multiple authors. (126, 

127) Ekwo et al noted a fivefold increased risk of PPROM with Chlamydia infections. 
(136) On Another case control study of high risk population of inner city women were 

unable to find an association of Chlamydia, or Gonorrhea with PPROM, and also the 

highest rate of a history of Chlamydia infection was actually in term controls. (133)  

However trials have not been able to document reduced incidence of PPROM following 

treatment of BV. (134) Bacterial vaginosis is a condition of microbial imbalance. Various 

trials use various antibiotics by different routes of administration. Duration and dosage 
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of treatment is varied too. Later studies have noted that women who are at risk for 

preterm delivery may need both an environmental factor (for example BV) and a genetic 

predisposition to an inflammatory response that may lead to an infection associated 

preterm delivery (102,135) for which PPROM qualifies.   

ii. History of PPROM or previous PTD 

Many studies have consistently documented evidence for PPROM in index pregnancy 

in women with a previous preterm delivery and or PPROM. (14, 113, 120,123, 131, 132, 

136, 137) A study by Harger et al reported after a multivariate logistic regression analysis 

that previous preterm delivery was an independent risk factor for PPROM with an odds 

ratio of 2.5 (95% CI 1.4, 2.5) compared to controls. (113) Berkowitz et al (14) also 

identified previous preterm delivery as a risk factor for PPROM  in the index pregnancy, 

reporting adjusted odds ratio of 3.2 for PPROM.  Mercer et al (123) reported among 

multiparous women in the Preterm Prediction Study a previous preterm birth with 

PPROM (OR 3.1, 95% CI 1.8, 5.4) and a spontaneous preterm birth (OR= 1.8 95% CI 

1.1, 3.1)  were both associated with subsequent preterm birth complicated by PPROM. 

A recent study by Shen et al (120) demonstrated that black mothers with a history of 

PPROM had a 3.68-fold (aOR= 3.68, 95% CI 2.07, 6.55) greater risk for recurrence 

compared to white women with a history of PPROM. The risk of recurrent PPROM in 

women with a history of prior PPROM was greater than the risk of PPROM in women 

without a history of prior PPROM (aOR 10.12, 95% CI 8.00-12.81). 

iii. Ante-partum vaginal bleeding  

Many studies have reported bleeding during pregnancy and subsequent occurrence of 

PPROM. (14, 112-116) About half of bleeding episodes during pregnancy have unknown 

causes (138, 139) and thus the reason bleeding predicts PPROM and or PTB is unclear. 

Vaginal bleeding has different underlying causes (140) with different consequences for 

preterm delivery. (74) Yang et al (116) studied vaginal bleeding during pregnancy and 

reported that bleeding in the first trimester only was associated with PPROM (RR= 1.9 
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95% CI 1.1 3.3). Significant heterogeneity exists between various study results. Vaginal 

bleeding during pregnancy is usually a self-reported measure in most studies. All 

studies did not report on all the necessary components of bleeding such as bleeding 

frequency, quantity and trimester, most studies asked if participants had any bleeding 

during pregnancy, and recorded a yes/no answer.  

iv. Miscellaneous 

Other factors like nulliparity have been associated with PPROM by some but not others. 

Medical conditions like preeclampsia were noted as one of the risk factors for PPROM 
(115) Anemia, has been cited by some investigators as a risk factor for PPROM. 
(113,115, 141)  

A significant obstetric history of some conditions has been associated with PPROM. A 

study by Evaldson et al (142) found an increased risk for PPROM in women who had 

increased frequencies of previous genital operations, cervical operations and 

lacerations. However all these findings have been inconsistently reported.  

Increased risk of PPROM in multifetal pregnancies has been attributed to uterine over 

distension creating stress in the fetal membranes leading to their rupture. A twins Study 

by Mercer et al (143) reported an incidence of 7.4% vs. 3.7% of PPROM in twin 

gestation vs. singleton gestation (OR= 2.1 95% CI 1.71, 2.58). Other factors such as 

coitus in late pregnancy(114) and obstetric complications such as abnormal umbilical 

cord insertions, (28) polyhydra-amnios, cervical incompetence (113,136) short cervix 

defined as less than 25 mm (123) and procedures like cerclage, (145) previous c-section 
(133) have been associated with increased risk of PPROM . 

c. Behavioral  

i. Nutritional status 

Factors that alter collagen structure and interlinking architecture have been associated 

with PPROM. Nutritional deficiencies that affect collagen formation have been shown to 

alter collagen structure. (122) The strength of collagen is maintained through its cross-
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links which are formed through a series of reactions which are mediated by lysyl 

oxidase (146) which is a copper dependent enzyme. Women with preterm PROM have 

been found to have lower copper levels than women in preterm labor. (147) The study 

by Kiilhoma (147) demonstrated statistically significant differences in  the cord copper 

and ceruloplasmin and also their fetal/maternal ratios were significantly lower in the 

group with preterm PROM than in other groups. Statistically significant differences were 

noted in maternal copper levels in PPROM women (2.13±0.33 vs 2.37±0.27, p<0.05) 

versus control women. 

Vitamin C is a cofactor for proline hydroxylation and is essential for the formation of the 

triple helix structure of collagen. (47) Studies have shown an association between low 

vitamin C levels and preterm PROM. (148) Subsequent randomized trial (149) has 

confirmed the importance of supplementation with 100mg Vitamin C after 20 weeks of 

gestation.  

Similarly high levels of homocysteine have also been associated with abnormalities in 

collagen cross-linking. (150) Vitamin B12 and folate are important cofactors in 

homocysteine metabolism, with low levels of folate leading to elevated plasma 

homocysteine levels. However a case control study could not detect any difference 

between fasting homocysteine, red blood cell folate, vitamin B12 levels and dietary 

intake between women who experience PPROM and term deliveries. (122) Zinc 

deficiency has also been associated with PPROM. Kiilhoma (147) noted lower maternal 

zinc levels in PPROM women compared to controls. Scholl et al (151) were able to show 

that zinc deficiency was associated with the risk of PTD, particularly when rupture of the 

membranes preceded the onset of labor (aOR = 3.46, 95% CI 1.04 11.47). 

ii. Smoking, illicit drug use  

Some investigators have looked at the association between cigarette smoking and the 

incidence of PPROM, but not all were able to demonstrate a positive association. There 

seems to be evidence from both sides.  Among the studies that were able to show a 
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positive association were studies by Kilpatrick et al (133) Harger et al (113) and Ekwo et 

al. (136) They demonstrated a twofold to fourfold increased risk for PPROM with self-

reported current cigarette smoking.  A large prospective study of 30,000 deliveries by 

Shiono et al, demonstrated a 40% increased risk for PPROM in patients who smoked 

more than one pack per day. (152) The dose response relationship between smoking 

and PPROM has been reported by other investigators like Ekwo et al (136) Iams et al 
(153) who have suggested that smoking more than 10 cigarettes per day is a risk factor 

for PPROM.  In another case control study (115) the investigators were able to 

demonstrate a dose-response relationship between the numbers of cigarettes smoked 

daily (self-reported) in women with PPROM. Women with PPROM were more than four- 

fold (aOR = 4.41, 95% CI 1.63-11.9) likely to be smokers than non-smokers. A case 

control study by Williams et al (154) reported that after confounders had been adjusted 

for, women with PPROM were more than two-fold (adjusted OR= 2.2, 95% CI 1.4, 3.5) 

likely to have smoked throughout the pregnancy, were about one and half times (1.6 

(95% CI 0.8, 2.9) ) more likely to have smoked during the first trimester only  when 

compared to women who had never smoked. However they were unable to show a 

gradient between the number of cigarettes smoked per day and the risk of preterm 

PROM. They did indicate that the smoking related risk of PPROM is potentially affected 

by the timing of cessation with continued smoking being of highest risk when compared 

to those who stopped smoking during the pregnancy. Berkowitz et al (14) reported that 

cigarette smoking and illicit drug use were related to PPROM (aOR= 2.4; 95% CI 1.8, 

3.2). Pickett et al (118) demonstrated a statistically significant though modest magnitude 

of association between smoking and PPROM (OR=1.52; 95%CI 1.09, 2.13).  

Large studies that were unable to report an association included the study by Naeye 
(155) of the Collaborative prenatal project of over 10,000 pregnancies noted statistically 

non-significant PPROM rates of 7% among smokers and 5% among non-smokers.  
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d. Anthropometric  

i. Body mass index (BMI) 

 Several studies suggest that low pre pregnancy BMI may increase the risk for PPROM. 
(156,157) However a study by Rudra et al was unable to confirm that low or high BMI is 

associated with PPROM. (158) Siega-Riz et al (159) examined spontaneous PTD and 

PPROM separately and found that both were associated with pre- pregnancy maternal 

underweight status, though not overweight status. Spinillo et al (157) reported that 

PPROM was more strongly associated with low second to third trimester weight gain 

(<0.37 kg/week) among women with BMI<19.5 kg/m2 versus heavier women. PPROM 

may be more strongly related to later weight gain in pregnancy, and lower pre 

pregnancy body mass index.  Some investigators have suggested that BMI may be an 

indicator of nutritional status, although BMI fails to gives any specific information about 

maternal micronutrient status and bio-availability of these nutrients to the fetus.  

e. Genetic  

A strong predictor of PPROM is a prior preterm birth due to preterm premature rupture 

of membranes. (115,160) Both maternal and fetal genetic factors may influence adverse 

pregnancy outcomes such as PPROM. Evidence suggests that maternal genetic factors 

contribute to PPROM, (161,162) however fetal genetic factors have not been studied 

well. Various genes have been studied in the etiology of PTD; these include the genes 

associated with response to infection, genes involved with the inflammation process, 

and genes involved with matrix metabolism. Some studies have identified PPROM as 

their outcome and those are the specific studies listed below.  

PPROM appears to aggregates in families. Plunkett et al (163) estimated the magnitude 

of familial aggregation as one index of possible heritable contributions. Two standard 

measures of familial aggregation are increase in risk to siblings of affected individuals 

compared to the population risk for the disorder, the sibling risk ratio, and compared to 

siblings of unaffected individuals, the sibling-sibling odds ratio. Risks to siblings of an 
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affected individual with PPROM was elevated above the population prevalence of 

PPROM and was indicated by λs= 8.2, 95% CI 6.5-9.9. Risks to siblings of an affected 

individual was similarly elevated above that of siblings of unaffected individuals, as 

indicated by the sib-sib OR (sib-sib OR adjusted for known risk factors) which was 9.6 

and 95% CI 7.6-12.2. The investigators concluded that siblings of affected (by PPROM) 

individuals were at an increased risk for PPROM even after adjusting for important 

known environmental risk factors. The authors suggest that maternal and /or fetal 

genetic influences could account for some of the observed increased risk to siblings.  

In a case control study by Ferrand et al (164) of neonates born to African American 

women presenting with PPROM,  cases and controls were genotyped to determine the 

CA repeat sequence length in the MMP-9 promoter and for polymorphisms at –1562. 

No association was found for the -1562 polymorphism, but the 14 CA repeat was 

associated with a significantly increased PPROM risk compared with all other repeat 

sizes (OR= 3.06, 95% CI 1.77-5.27) and with two to three fold more MMP-9 expression 

than the 20 CA repeat size. The frequency of the 14 CA repeat in MMP-9 is lower in the 

African American population than in Caucasians 19% vs. 50%. (164)  

The relationship of the TLR4 (Asp 299Gly) allele with preterm birth was examined in the 

Finnish population (165) The frequency of the TLR4 (Asp 299Gly) allele did not vary 

among the women, but there was a significant difference in the allele frequency 

between singleton term and preterm infants (P=0.024). The association of the allele was 

stronger with PPROM cases (p=0.021) then other causes of PTD (p=0.045).   

Wang et all (166) conducted one of the few studies on fetal genotype in which they 

investigated the contribution of a functional SNP, in the promoter of the SERPINH1 

gene, enriched among those of African ancestry, to PPROM. SERPINH1 encodes heat-

shock protein 47, a chaperone essential for collagen synthesis. The study focused on 

genotype of the offspring based on the hypothesis that the genotype of the extra 

embryonic tissues (fetal membranes) represents the primary determinant for risk of 
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PPROM. The investigators extracted genomic DNA from umbilical cords, cord blood, or 

neonate cheek swabs.  In the first case control study with 152 cases and 174 controls, 

they were able to demonstrate that the -656 allele is significantly more frequent in 

African-American neonates born from pregnancies complicated by PPROM compared 

with controls (OR= 3.22, 95% CI 1.50- 7.22). A follow up case control study was 

conducted on a different sample of 92 cases and 184 controls. This result demonstrated 

again that there was a significant association of PPROM with neonates carrying the -

656 allele (p< 0.0076, OR =2.37; 95% CI 1.17, 4.79). Combining the two studies (cases 

=244, controls = 358) they obtained a highly significant association between the -656 

allele and PPROM (p< 0.0000045, OR = 2.77; 95 % C 1.73, 4.95). They used 

population samples to estimate the -656 minor T allele frequency. They claim this study 

to be the first example of an ancestry-informative marker associated with PPROM in 

African-Americans.   

Fujimoto et al demonstrated an association between fetal carriage of 2G alleles and 

PPROM. (167) This led them to conclude that the 2G allele has a strong promoter 

activity in amnion cells, and that it confers increased responsiveness of amnion cells to 

stimuli that induce MMP-1 and also that this polymorphism contributes to the risk of 

PPROM. (167) Genetic (genomic sequence variation) and epigenetic factors (DNA 

methylation) combine to determine MMP1 expression and influence the association with 

PPROM. (168)   

In maternal genotype study Roberts et al (169) were able to demonstrate an association 

between allelic variants of the polymorphism at position -308 in the gene for tumor 

necrosis factor alpha and preterm birth after PPROM. They observed that the common 

allele of the TNFA-308 polymorphism (TNFA*2) is over-represented in a population of 

women who were themselves delivered preterm after PROM. The authors suggest that 

this demonstrates an endogenous susceptibility to idiopathic preterm birth. They 

concluded that the presence of a single TNFA*2 allele is a risk factor for PPROM in 
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African American women. DNA variants in a maternal gene involved in the extracellular 

matrix metabolism doubled the risk of PPROM.  A SNP in TIMP2 in mothers was 

significantly associated with PPROM (OR= 2.12 95% CI 1.47 3.07).   

These studies indicate that maternal and fetal genetic factors contribute to PPROM and 

genetic variation plays a significant role in predisposition to PPROM. This involves DNA 

variants in genes that participate in the inflammatory response and extracellular matrix 

degradation. Genome wide studies on PTD and subsequently PPROM have yet to be 

reported, and the existing literature is based almost exclusively on candidate genes 

using the classical case-control study design.  Most studies on PTD have small sample 

sizes and consequently lack the power, and run into the possibility of type 2 error where 

we fail to find a difference even when one exists, hence challenging the validity of 

negative associations in these studies. When positive associations have been reported 

the magnitude of associations has been small, and statistical significance only marginal.  

Replication studies, a necessity when studies are based on small sample sizes have not 

been widely done. Multiple genes may be involved in the etiology of PPROM. 

Furthermore the impact of these genes may be influenced by environmental factors. 

Additionally maternal and fetal genes may play a role in the etiology of PPROM each 

acting independently or the two acting in synergy.  
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Chapter 5 Prediction of PPROM  

Overtreatment for women presenting with vague symptoms before term is common, due 

to the morbidity and mortality associated with PTD. Women may be exposed to 

unnecessary interventions such as hospitalizations, tacolytic drugs and prolonged bed 

rest. So identifying a test to predict PPROM will correctly identify women at risk and 

reduce anxiety and costs associated with these unwarranted interventions. PPROM is a 

useful marker in itself for PTD. The preterm prediction study (123) reported that in 

multiparous women short cervix, previous PTD due to PPROM, and presence of fetal 

fibronectin (fFn) were the strongest predictors for both PTD following PPROM at <37 

and <35 weeks gestation. Women with positive fetal fibronectin screening results and 

short cervix had greater risks for PTD due to PROM at <37 weeks’ gestation (RR= 4.9) 

and greater risk of PTD caused by membrane rupture at <35 weeks’ gestation 

(RR=13.5). Multiparous women with all three risk factors had a 31.3 fold increased risk 

of PTD due to premature rupture of membranes at <35weeks’ gestation. In nulliparous 

and multiparous women short cervical length was consistently associated with PPROM 

at <37 and <35 weeks gestation. In a nested case control study (112) women with 

PPROM had increased median plasma TAT (thrombin-anti thrombin 3 complex) levels 

in second trimester and third trimester. In the second trimester the odds ratio for PTD 

due to preterm PROM with a TAT level of > 3.9ng/mL was 6.0 (95% CI, 1.67- 21.1) and 

this value predicted PPROM with sensitivity, specificity, positive predictive value and 

negative predictive value of 88%, 68%, 82%, and 97% respectively.  

Although the optimal use of pathway specific markers of PTD have yet to be developed 

a clinically useful biochemical approach to the detection of final common pathways has 

been developed. This approach involves the measurement of fetal fibronectin in the 

cervicovaginal secretions. Goldenberg et al (171) evaluated series of asymptomatic 

women at low risk for PTD who were screened every two weeks from 22 to 30 weeks’ 

gestation. The investigators observed sensitivity, specificity, positive predictive value 
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and negative predictive value for delivery before 28 weeks’ gestation of as 63%, 98%, 

15% and 100% respectively. Measurement of fetal fibronectin in the cervicovaginal 

secretions seems to have a high negative predictive value but a comparatively lower 

positive predictive value. The risk of PTD increases with increasing fetal FN values from 

20 to 300ng/mL. (172) Another study reported that fetal FN was equally predictive of 

PTD due to PROM or PTL and on an average fetal FN was detected in cervicovaginal 

secretions three or more weeks before PTD. (173) Among the markers, fetal FN in the 

amniotic fluid seems to be the best marker for diagnosis of PPROM with a sensitivity of 

94%, and specificity of 97%. (174) However amniotic fluid screening for fetal fibronectin 

seems to be an invasive procedure to include in routine prenatal protocol.  

Some studies have found elevated matrix metalloproteinase-9 concentration in amniotic 

fluid (175) and plasma (176) in women with preterm PROM.  This enzyme though is not 

specific for preterm PROM, it is found in the amniotic fluid in the presence of infection 

which may or may not lead to preterm PROM.  

MMP-8 has also been examined in the amniotic fluid at midtrimester as a potential 

biomarker for preterm PROM. 26% of asymptomatic women who had preterm PROM 

had a midtrimester amniotic fluid MMP-8 concentrations above the 90th percentile 

compared with only 10% of term controls. (177)  

C-reactive protein measurements during gestation remains controversial, and cannot 

specifically predict PPROM, as some studies have concluded that the CRP levels may 

increase with advancing normal gestation and also during labor and the post-partum 

period. (178) The use of maternal C-reactive protein (CRP) measurements in the 

diagnosis of chorioamnionitis and puerperal and neonatal infectious morbidity was 

studied in 147 patients with PPROM. (179) The overall test performance of CRP was 

poor suggesting that elevated ante-partum CRP may be misleading for diagnosis of 

chorioamnionitis. In the diagnosis of acute chorioamnionitis, ante partum CRP of >= 12 

mg/l showed high sensitivity (94%) and high negative predictive value (97%), but low 
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specificity (50%) and low positive predictive value (35%).  However serial CRP 

measurements increase the test performance. (179)  

IL- 6 in cervical secretions has also been investigated independently to determine its 

value in diagnosing microbial invasion of the amniotic cavity in patients with PPROM. 

An IL-6 level in cervical secretions >200pg/ml had a sensitivity of 78.5% a specificity of 

73.1% and a relative risk of 4.6 for intra amniotic infection. The study concluded that 

intra-amniotic infection is associated with increased levels of IL-6 and concentrations in 

cervical secretions are related to amniotic levels. (180)  

Relaxin is a polypeptide hormone that is produced in the corpus luteum and the 

placenta during pregnancy. (57) Relaxin stimulates collagenases in the cervix (181) and 

human fetal membranes. (182, 183) Raised serum relaxin concentrations in the 30th 

gestational week are associated with preterm delivery, more so in women with PPROM 
(184) as compared to women with spontaneous PTD without rupture if membranes. The 

risk of spontaneous PTD has been related to decreased cervical length and increased 

maternal serum relaxin levels. A study was conducted with an aim to test the correlation 

of relaxin levels with cervical length and risk of spontaneous PTD in women with twin 

pregnancies. (185) However no association could be demonstrated between relaxin and 

cervical length which led the investigators to conclude that relaxin does not explain the 

inverse correlation between cervical length and spontaneous PTD in women with 

spontaneous twin pregnancies. (185)  Only reliable predictors will give us some insight 

into prevention strategies.  
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Chapter 6 Preventive and interventional studies involving PPROM  

Current interventions to prevent preterm PROM can be divided into 3 categories; 

interventional trials to prevent modifiable risk factors for example, smoking and 

urogenital infections; broad based preventive measures like antioxidant therapy and 

supplementation with Vitamin C and E; and treatment of non-modifiable risk factors like 

previous history of preterm birth and short cervix. Most of the interventional trials were 

not designed exclusively for PPROM.  The trials were designed to assess reduction in 

PTD as their primary outcome and some have investigated PPROM as secondary 

outcome.  

Morales et all (186) conducted a double blind placebo controlled trial to determine 

whether treatment of bacterial vaginosis with metronidazole in patients with PTD in the 

penultimate pregnancy from PTL or PPROM reduces the risk of subsequent PTD in the 

index pregnancy. Their analysis demonstrated that compared with the placebo group 

patients in the metronidazole group had significantly fewer hospital admissions for 

PPROM. They concluded that treatment with metronidazole was effective in reducing 

the PPROM rate in the index pregnancy in women with a history of PTD.  

Kuhnert et al have shown that maternal zinc intake is related to fetal zinc status and not 

to maternal zinc status in a normal pregnancy. (170) Some trials to assess the effect of 

Zinc supplementation on reduction in PPROM incidence have been done. Jonsson et al 
(187) conducted a double blind randomized controlled trial in a normal healthy middle 

class population in Denmark to assess the effect of Zinc supplementation (vs. placebo) 

in pregnancy on various outcomes such of large for gestational age, small for 

gestational age, PPROM, preterm labor, preeclampsia and bleeding in the second or 

third trimester. They concluded that Zinc supplementation during pregnancy in this 

population did not offer any benefits to the mother or the fetus. It would be interesting if 

these findings can be replicated in micronutrient starved populations.   
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Casanueva et all (188) conducted a randomized double blind placebo controlled trial to 

evaluate the effectiveness of 100 mg Vitamin C/day in preventing PROM. The reported 

incidence of PROM was 24.5% in the placebo group and 7.69% in the supplemented 

group (RR = 0.26; 95% CI 0.078, 0.837).The investigators concluded that daily 

supplementation with 100mg Vitamin C after 20 weeks of gestation effectively reduced 

the incidence of PROM. However the investigators did not assess the incidence of 

PPROM. It is not clear if similar prevention strategies (with Vitamin C) will be effective in 

PPROM since mechanisms or pathways involved in membrane rupture differ in PROM 

and PPROM.  
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Chapter 7 Conclusion  

In conclusion PPROM is a complex condition with a wide ranging etiology, and itself is a 

strong predictor of preterm delivery, with potential adverse neonatal outcomes. The 

proportion of preterm neonates surviving following PPROM is increasing. The long term 

complications and effects of PPROM on neuro developmental outcomes have potential 

for further investigation in longitudinal studies with long follow up windows.  

A consistent case definition will reduce misclassification which will assist in determining 

etiological pathways and give accurate estimates of the subtypes of preterm delivery. 

Relaxin has been associated with PPROM, but not with rupture at term, indicating that 

preterm rupture is a pathological moiety of the term counterpart. Since relaxin 

stimulates collagenase production, raised serum relaxin concentrations in the last 

trimester along with short cervical length are strong predictors of PPROM. Relaxin can 

operate independent of infection causing degradation of the membranes; however the 

trigger for this collagen degradation is not clear. Pro inflammatory cytokines, and /or 

infection have been associated with PPROM suggesting inflammation to be a strong 

etiologic factor associated with PPROM. Inflammation caused by infection and sterile 

inflammation caused by reactive oxygen species triggers membrane rupture. In this 

scenario inflammation can be described as a proximal predictor of PPROM, but 

determinants of inflammation can be described as more upstream predictors of 

PPROM. It might be naïve to suggest anti-inflammatory trials for PPROM since the 

upstream factors associated with PPROM are multiple and diverse. However 

therapeutic agents to down regulate the pro inflammatory cytokines and reduce the 

active forms of MMPs should be explored as possible options for randomized trials to 

reduce the incidence of PPROM. 

 Infection has been implied as a causative factor in many studies of preterm delivery 

and PPROM although most randomized clinical trials of antibiotics fail to show any 

beneficial effect on reduction of PTD rate. Since infection has been associated with 
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early PPROM, antibiotic administration may have to be initiated early in gestation. 

Inception cohorts of high risk women in their reproductive ages might be useful in 

screening and monitoring in the first or early second trimester antibiotic administration. 

However teratogenicity and toxicity of the anti-microbial agents to the fetus along with 

long term administration may be constraints in administering these agents.  

 PPROM is the strongest predictor of preterm delivery but PPROM prediction has been 

a challenging issue. A combination of factors such as short cervix, previous preterm 

delivery due to PPROM, and presence of fetal fibronectin seem to be the strongest 

predictors of PPROM at <37 and <35 weeks gestation. Intra amniotic infection as 

indicated by elevated cytokine levels in vaginal fluids also seems to predict PPROM 

with good sensitivity and modest specificity. It will be interesting to investigate the 

microbial flora associated with elevated IL-6 in vaginal fluids. However some of these 

predictors may be hard to measure since amniotic fluid measurements cannot be 

routinely advocated as protocol in prenatal care.   

Since PPROM is directly associated with oligohydraamnios certain fetal conditions are 

more likely with PPROM than other subtypes of PTD. Pulmonary hypoplasia, fetal 

infection after membrane rupture, and fetal joint contractures due to oligohydraamnios 

are specific consequences of PPROM. Prevention of PPROM will reduce incidence of 

long term morbidities associated with these conditions.  

  

38 
 



 

 

 

 

 

 

 

 

 

                                          BIBLIOGRAPHY 

 

 

 

 

 

 

 

 

 

  

39 
 



BIBLIOGRAPHY  

 

1. Goldenberg RL, Culhane JF, Iams JD, Romero R. Preterm Birth 1: Epidemiology   
and cause of preterm birth.  Lancet 2008; 371:75-84. 
 

2. Kramer MS, Papageorghiou A, Culhane J,Bhutta Z, Gravett, Iams JD, Conde    
Agudelo A, Waller S, Barros F, Knight H, Villar J. Challenges in defining and 
classifying the preterm birth syndrome. Am J Obstet Gynecol. Feb 2012;206(2):108-
112. 

 
3. Edlow AG, Srinivas AK, Elovitz MA. Second trimester loss and subsequent 

pregnancy outcomes: what is the risk? Am J Obstet Gynecol 2007; 197:581.e1-6. 
 

4.  Hamilton BE, Martin JA, Ventura SJ. Births: Preliminary data for 2007. National Vital 
Statistics Reports, Volume 57, Number 12, March 18, 2009.  

 
5. Cande Annath, K.S. Joseph, Yinka Oyelese, Kitaw Demissie, Anthony M. Vintzileos. 

Trends in Preterm Birth and Perinatal mortality Among Singletons: United States, 
1989 through 2000.  

 
6. Kramer MS, Platt R, Yang H, Joseph KS, Wen SW, Morin L, et al. Secular trends in 

preterm birth a hospital based cohort study. JAMA 1998; 280:1849-54. 
 

7. Vahratian A, Buekens P, Bennet TA, Meyer RE, Korgan MD, Yu SM. Preterm 
delivery rates in North Carolina: are they really declining among non-Hispanic 
African-Americans? Am J Epidemiol 2004; 159:59-63. 

 
8. Hamilton BE, Martin JA, Ventura SJ. Births: Preliminary data for 2009. National Vital 

Statistics Reports, Volume 59, Number 3, December 21, 2010.  
 

9. Beck S, Wojdyla D, Say L, Betran AP, Merialdi H, Requejo JH, Rubens C, Menon R, 
VanLook PFA. The world wide incidence of preterm birth: a systematic review of 
maternal mortality and morbidity. Bulletin of the World Health Organization 2010; 
88:31-38.  

 
10.  Martin JA, et al. Births: final data for 2005. Nat Vital Stat Rep 2007; 56 (6): 1-103. 

 
11.  Blondel B et al. Preterm Birth and multiple pregnancy in European countries 

participating in the PERISTAT project. BJOG 2006; 113(5):528-535. 
 

12.   Ananth CV, Ventzileos AM. Epidemiology of preterm birth and its subtypes. The 
Journal of Maternal- Fetal & Neonatal Medicine, December 2006; 19(12): 773-782. 

 

40 
 



13. Tucker JM, Goldenberg RL, David RO, Copper RL, Winkler CI, Hauth JC. Etiologies 
of preterm birth in an indigent population; is prevention a logical expectation? Obstet 
Gynecol 1991; 77:343-47 

 
14.  Berkowitz GS, Blackmore-prince C, Lapinski RH, Savitz DA. Risk factors for 

preterm birth subtypes. Epidemiology 1998; 9:279-285. 
 

15.  Ventura SJ, Martin JA, Taffel SM, Mathews TJ, Clarke SC. Advanced report of final 
natality statistics. 1993. Monthly vital statistics report from the center for disease 
control and prevention. 1995; 44(35) 1-88. 

 
16.  ACOG Committee on Practice Bulletins. Obstetrics ACOG. Practice Bulletin No 80.    

Premature rupture of membranes. Clinical management guidelines for Obstetrician-
gynecologists. Obstet gynecol 2007;109:1007-1019. 

 
17.  Reece EA, Chervenak FA, Moya FR, Hobbins JC. Amniotic fluid arborization:effect 

of blood, meconium, and pH alterations. Obstet Gynecol. 1984; 64:248-250. 
 

18.  Rosemond RL, Lombardi SJ, Boehm FH. Ferning of amniotic fluid contaminated 
with blood. Obstet Gynecol. 1990;75:338-340. 

 
19.  Smith RP. A technique for the detection of ruptured membranes: a review and 

preliminary report. Obstet Gynecol. 1976;48:172-176. 
 

20.  Gorodeski IG,Haimovitz I, Bahari CM. Reevaluation of the ph, ferning and Nile Blue 
sulphate staining methods in pregnant women with premature rupture of fetal 
membranes. J Perinat Med. 1982;10:286-292. 

 
21.  Friedman MI, McElin TW. Diagnosis of ruptured fetal membranes. Am J Obstet 

Gynecol 1969;104:544-550. 
 

22.  de Haan HH, Offermans PM, Smiths F. et al. Value of the fern test to confirm or 
reject the diagnosis of ruptured membranes in modest in non laboring women 
presenting with non specific vaginal fluid loss. Am J Perinatol. 1994;11;46-50. 

 
23.  Hannah ME, Hodnett ED, William A, et al. Prelabor rupture of the membranes at 

term: expectant management at home or in hospital? The Term PROM Study Group. 
Obstet Gynecol. 2000;96:533-538. 

 
24.  Healy AJ, Veille JC, Sciscione A, et al. The timing of elective delivery in preterm 

preamture rupture of membranes: a survey of members of the Society of Maternal-
Fetal Medicine. Am J Obstet Gynecol 2004;190:1479-1481. 

 

41 
 



25.  Aaron B, Caughey, Julian N Robinson, Errol R Norwitz. Contemporary Diagnosis 
and Management of Preterm Premature Rupture of Membranes. Rev in Obstet 
Gynecol. 2008; 1 (1): 11-22. 

 
26.  Cousins LM,Smok DP, Lovett SM, Poeltler DM. Amnisure placental alpha 

macroglobin-1 rapid immunoassay versus standard disgnostic methods for detection 
of rupture of membranes. Am J Perinatol. 2005;22:317-320. 

 
27.  Lee SR, Park JS, Norwitz ER et al. Measurement of placental alpha-microglobin-1 

in cervico-vaginal discharge to diagnose rupture of membranes. Obstet Gynecl. 
2007; 109:634-640. 

 
28.  Mercer BM. Preterm premature rupture of membranes. Obstet Gynecol 2003; 

101:178 –93. 
 

29.  Pena SJD, Shokier MHK: Syndrome of compactodactyly, multiple ankylosis, facial 
anomalies, and pulmonary hypoplasia: A lethal condition. J Pediatr 85:373, 1974 

 
30.  Winn HN, Chen M, Amon E, Leet TL, Shumway JB, Mostello D. Neonatal 

pulmonary hypoplasia and perinatal mortality in patients with midtrimester rupture of 
amniotic membranes- A critical analysis. Am J Obstet Gynecol 2000; 182:1638-44. 

 
31.  Manuck TA, Maclean CC, Silver RM, Varner MW. Preterm premature rupture of 

membranes: does the duration of latency influence perinatal outcomes? Am J Obstet 
Gynecol 2009; 201:414.e1-6. 

 
32.  Locatelli A, Ghidini A, Paterlini G, Luisa P, Doria V, Zorloni C, Pezzullo JC. 

Gestational age at preterm premature rupture of membranes: A risk factor for 
neonatal white matter damage. Am J Obstet Gynecol 2005; 193, 947-51. 

 
33.  Leviton A, Paneth N, Reuss ML, et al. Maternal infection, fetal inflammatory 

response, and brain damage in very low birth weight infants: Developmental 
Epidemiology Network Investigators. Pediatr Res. 1999; 46:566-575. 

 
34.  Spinillo A, Capuzzo E, Stronati M, Ometto A, Orcesi S, Fazzi E. Effect of preterm 

premature rupture of membranes on neurodevelopmental outcome: follow up at two 
years of age. British Journal of obstetrics and Gynecology, November 1995; 
102:882-887. 

 
35.   D’Alton M, Mercer B, Riddick E, et al: Serial thoracic versus abdominal 

circumference ratios for the prediction of pulmonary hypoplasia in premature rupture 
of membranes remote from term. Am J Obstet Gynecol 166:658-663, 1992. 

 
36.  Gonik B, Bottoms SF, Cotton DB. Amniotic fluid volume as a risk factor in preterm 

premature rupture of membranes.  Obstet Gynecol 1985; 65:456-9. 

42 
 



 
37.   Yoon HB, Kim YA, Romero R, Kim JC, Park KH, Kim MH, Park JS. Association of 

oligohydramnios in women with preterm premature rupture of membranes with an 
inflammatory response in fetal, amniotic, maternal compartments. Am J Obstet 
Gynecol 1999; 181:  784-788. 

 
38.  Major CA, de Veciana M, Lewis DF, Morgan MA. Preterm premature rupture of 

membranes and abruption placentae: is there an association between these 
pregnancy complications? Am J Obstet Gynecol 1995; 172 (2 pt 1): 672-6. 

 
39.  Ehernberg HM, Mercer BM. Antibiotics and the management of preterm premature 

rupture of the fetal membranes. Clin perinatol. 2001; 28:807-818. 
 

40.  Mercer BM, Moretti ML, Prevost RR, et al: Erythromycin therapy in preterm 
premature rupture of membranes: A prospective randomized trial of 220 patients. 
Am J Obstet Gynecol 166:794-802, 1992. 

 
41.  Vadillo-Ortega F, Gonzalez-Avilla G, Karchmer S et al. Collagen metabolism in 

premature rupture of amniotic membranes. Obstet Gynecol 1990; 75:84-88. 
 

42.  Lei H, Furth EE, Kalluri R et al. A program of cell death and extracellular matrix 
degradation is activated in the amnion before the onset of labor. J Clin Invest 1996; 
98:1971-1978. 

 
43.  Casey ML, MacDonald PC. Interstitial collagen synthesis and processing in human 

amnion: A property of the mesenchymal cells. Biol Reprod 1996; 55:1253-60. 
 

44.  Hay ED. Extracellular matrix. J Cell Biol1981; 9:205s-223s. 
 

45.  Mossman HW. Vertebrate fetal membranes. New Jersey: Rutgers University Press, 
1987. 

 
46.  Schmidt W. The amniotic fluid compartment: the fetal habitat. Adv Anat Embryol 

Cell Biol1992; 127:1-100. 
 

47.  Parry & Strauss JF III. Premature rupture of fetal membranes. N Eng J Med 1998; 
338:663-670. 

 
48.  Malak TM, Ockleford CD, Bell SC, Dalgleish R, Bright N, Macvicar J. Confocal 

immunofluorescence localization of collage types I, II, III,IV,V and VI and their 
ultrastructural organization in terms of human fetal membranes. Placenta1993; 
14:385-406. 

 

43 
 



49. French JI, and McGregor JA. The pathobiology of premature rupture of 
membranes. Semin Perinatol 1996; 20:344-368. 

 
50.  Aplin JD, & Campbell S. An immunofluorescence study of extracellular matrix 

associated with cytotrophoblast of the chorion leave. Placenta 1985; 6:469-479. 
 

51.  Chua WK, Oyen ML. Do we know the strength of the chorioamnion? A critical 
review and analysis.  European Journal of Obstetrics & Gynecology and 
Reproductive Biology 144S (2009) S128–S133 S129. 

 
52.  Bourne GL. The microscopic anatomy of the human amnion and chorion. Am J 

Obstet Gynecol 1960; 79:1070-1073. 
 

53.  Aplin JD, Campbell S and Allen TD. The extracellular matrix of human amniotic 
epithelium: Ultra structure composition and deposition. J Cell Sci. 1985; 79:119-
136. 

 
54.  Bryant-Greenwood GD. The extracellular matrix of the human fetal membranes: 

structure and function. Placenta 1998; 19:1-11. 
 

55.  Kanayama N.Terao T, Kawashima Y et al. Collagen types in normal and 
prematurely ruptured amniotic membranes. Am J Obstet Gynecol 1985; 153:899-
903. 

 
56.  GD Bryant-Greenwood, LK.Millar. Human Fetal Membranes: Their preterm 

Premature Rupture. Biology of Reproduction 63, 1575-1579 (2000). 
 

57.  Sherwood OD. Knobil e, Neil J, et al Relaxin in The Physiology of Reproduction. 
eds Raven Press New York pp 585-673 1988. 

 
58.  Bogic LV, Yamamoto SY, Millar LK, Bryant-Greenwood GD. Developmental 

regulation of the human relaxin genes in the deciduas and placenta: over 
expression in preterm premature rupture of fetal membranes. Biol Reprod 1997; 
57:908-920. 

 
59.  Petersen LK, Helmig R, Oxlund H, Vogel I, Uldbjerg N. Relaxin induced weakening 

of the human fetal membranes in vitro. Eur J Obstet Gynecol Reprod Bio 1994; 
57:123-128. 

 
60.  Millar LK, Boesche M, Yamamoto S, Killeen J, DeBuque L, Chen R, Bryant-

Geenwood GD. Relaxin mediated pathway to preterm premature rupture of  fetal 
membranes that is independent of infection. Am J Obstet Gynecol 1998; 179:126-
134. 

 

44 
 



61. Hillier SL, Martius J, Krohn M, Kiviat N, Holmes KK, Eschenbach DA. A case 
control study of chorioamnionitis in prematurity. N Engl J Med 1988; 319:972-8. 

 
62.  Watts DH, Krohn MA, Hillier SL, Eschenbach DA. The association of occult 

amniotic fluid infection and gestational age and neonatal outcome among women 
in preterm labor. Obstet Gynecol 1992; 79:351-7.  

 
63.  Andrews WW, Goldenberg RL, Hauth JC, Cliver SP, Conner M, Goepfert AR. 

Endometrial microbial colonization and plasma cell endometritis after spontaneous 
or induced preterm versus term delivery. Am J Obstet Gynecol 2005; 193: 739-45. 

 
64.  Cassel G, Andrews W, Hauth J et al. Isolation of microorganisms from the 

chorioamnion is twice that from the amniotic fluid at cesarean delivery in women 
with intact membranes. Am J Obstet Gynecol 1993; 168:424.  

 
65.  A Shobokshi, M Shaarawy. Maternal serum and amniotic fluid cytokines in patients 

with preterm premature rupture of membranes with and without intrauterine 
infection. International Journal of Gynecology and Obstetrics 79 (2002) 209-215. 

 
66.  Fontunato SJ, Menon R &Lombardi SJ. Support for an infection induced apoptotic 

pathway in human fetal membranes. Am J Obstet Gynecol 2001; 184:1392-1397. 
 

67.  Romero R, Quintero R, Oyarzun E, Wu YK, Sabo V, Mazor M, et al. Intra amniotic 
infection and the onset of labor in preterm premature  rupture of membranes. Am J 
Obstet Gynecol 1988; 159:661-6. 

 
68.  Mercer BM, Miodovnik M, Thurnau GR, Goldenberg RL, Das AF, Ramsey RD, et 

al. Antibiotic therapy for reduction of infant morbidity after preterm premature 
rupture of membranes. A randomized controlled trial. National Institute of Child 
Health and Human Development maternal –Fetal Medicine Units Network. JAMA 
1997; 278:989-95. 

 
69.  Goldenberg RL, Hauth JC, Andrews WW.Review articles. Mechanisms of disease- 

intrauterine infection and preterm delivery. N Eng J Med 2000; 342:1500-7. 
 

70. Clarke EAS, Varner M. Impact of preterm PROM and its complications on long-
term infant outcomes. Clinical Obstetrics and Gynecology 2011; 54:358-369. 

 
71.  Ramkumar Menon, Stephen Fontunato. Infection and the role of inflammation in 

preterm premature rupture of the membranes. 2007:21:467-478. 

45 
 



 
72.  McGregor JA, Schoon maker J, Lunt BD, & Lawellin DW. Antibiotic inhibition of 

bacterially induced fetal membrane weakening. Obstet Gynecol 1990. 76: 124-128. 
 

73.  Witczak M, Torbe A, Czajka R. Maternal serum and amniotic fluid IL-1 alpha, IL-1 
beta, IL-6 levels in preterm and term labor complicated by PROM. Ginekol POL, 
2003 Oct; 74(10):1343-7. 

 
74. Lockwood CJ, Kuczynski E. Markers of risk for preterm delivery. (1999)J Perinat 

Med. 27, 5-20. 
 

75. Gendron RL, Farookhi R, Baines MG. Resorption of CBA/J x DBA/2 mouse 
conceptuses in CBA/J uteri correlates with failure of the feto-placental unit to 
suppress natural killer cell activity. J Reprod. Fertil. 1990; 89:277-284. 

 
76.  Emmer PM, Nelson WL, Steegers EA, Hendriks JC, Veerhoek M, Joostenl. 

Leukocytes at the maternal- fetal interface in human pregnancy. Hum Reprod 
2000; 15:1163-1169.  

 
77.  Emmer PM, Steegers EA, Kerstens HM, Bulten J, Nelen WL, Boerk K, JoostenI. 

Altered phenotype of HLA-G expressing trophoblast and decidual natural killer cells 
in pathological pregnancies. Hum Reprod.2002; 17:1072-1080. 

 
78.  Holers VM, Girardi G, Mo L, Guthridge JM, Molina H, Pierangeli SS, Espinola R, 

Xiaowei LE,Mao D,Vialpando CG, Salmon JE. Complement C3 activation is 
required for anti phospholipid antibody-induced fetal loss. J.Exp.Med.2002; 
195:211-220. 

 
79.  Xu C, Mao D, Holers VM, Palanca B, Cheng AM, Molina H. A critical role for 

murine complement regulator cry in fetomaternal tolerance. Science 2000; 
287,498-501. 

 
80.  Romero R, Espinoza J, Mazor M. Can endometrial infection/inflammation explain 

implantation failure, spontaneous abortion, and preterm birth after in vitro 
fertilization? Fertil Steril 2004; 82: 799-804. 

         
81.  Hill JA, Polgar K, Anderson DJ.  T-Helper 1-Type Immunity to Trophoblast in 

Women with Recurrent Spontaneous Abortion. J Am Med Ass 1995; 273:1933-
1936. 

 

46 
 



82.  Goepfert AR, Goldenberg RL, Andrews WW, Haut JC, Mercer B, Iams J, Meis P, 
Moawad A, Thom E, VanDorsten JP, et al. The Preterm Prediction Study: 
association between cervical interleukin-6 concentrations and spontaneous 
preterm birth. National Institute of Child Health and Human Development Maternal-
Fetal Medicine Units Network. Am J Obstet Gynecol .2001; 184:483-488. 

 
83.  Boyson JE, Nagarkatti N, Nizam L, Exley MA, Strominger JL. Gestation dependent 

mechanisms of invariant natural killer T cell-mediated pregnancy loss. The National 
Academy of Sciences. 2006; 103:4580-4585.  

 
84.  So T, Ito A, Sato T, Mori Y, et al. Tumor Necrosis factor alpha stimulates the 

biosynthesis of matrix metalloproteinases and plasminogen activator in cultured 
human chorionic cells. Biol Reprod 1992; 46:772-778. 

 
85.  Monzon-Bordonaba F, Vadillo-Ortega F, Feinberg RF. Modulation of trophoblast 

function by tumor necrosis factor –alpha: a role in pregnancy establishment and 
maintenance? Am J Obstet Gynecol 2002; 187:1574-1580. 

 
86.  Skinner SJ, Campos GA, & Liggins GC. Collagen content of human amniotic 

membranes: effect of gestation length and premature rupture. Obstet 
GYnecol1981; 57:487-489. 

 
87.  Bryant-Geenwood GD &Yamamoto SY. Control of peripartal collagenolysis in the 

human chorion-decidua. Am J Obstet Gynecol 1995; 172:63-70. 
 

88. Binnebosel M, Grommes J.Koenen B,Junge K, Klink CD, Stumpf M, Ottinger A, 
Schumpelick V, Klinge U, Krones C.J. Zinc Deficiency impairs wound healing of 
colon anastomosis in rats. Int J Colorectal Dis 2010;25:251-257. 

 
89.  Fortunato SJ, Menon R, Lombardi SJ. MMP/TIMP imbalance in amniotic fluid 

during PROM: an indirect support for endogenous pathway to membrane rupture.  
J Perinat Med 1999; 27:362-8. 

 
90.  Woessner JF, Nagase H. Matrix metalloproteinases and TIMPs. Oxford University 

press, New York. 2000. 
 

91.  Woesner JF. Matrix metalloproteinases and their inhibitors in connective tissue 
remodeling. FASEB J1991; 5:2145-2154. 

 
92.  SC Riley, R Leask, FC Denison, K Wisely, AA Calder, DC Howe. Secretion of 

tissue inhibitors of matrix metalloproteinases by human fetal membranes, deciduas 
and placenta at parturition. Journal of Endocrinology 1999; 162:351-359. 

 

47 
 



93.  Drapper D McGregor J, Hall J et al. Elevated protease activities in human amnio 
chorion correlate with preterm premature rupture of membranes. Am J Obstet 
Gynecol 1995; 173:1506-1512. 

 
94.  Stephen J Fontunato, Ramkumar Menon. Distinct molecular events suggest 

different pathways for preterm labor and premature rupture of membranes. 
American Journal of Obstetrics and Gynecology2001;184:7 

 
95.  Kondapaka SB, Fridman R, Reddy KB. Epidermal growth factor and amphiregulin 

up-regulate matrix metalloproteinase-9 (MMP-9) in human breast cancer cells. Int J 
Cancer 1997; 70:722-726. 

 
96.  Romero R, Chaiworaponga T, Espinoza J, Gomez R, et al. Fetal plasma MMP-9 

concentrations are elevated in preterm premature rupture of membranes. Am J 
Obstet Gynecol 2002; 187:1125-1130. 

 
97.  El Maradny E, Kanayama N, Halim A, Maehara K, Terao T. Stretching of fetal 

membranes increases the concentration of interleukin-8 and collagenase activity. 
Am J Obstet Gynecol 1996; 174: 843. 

 
98.  Maymon E, Romero R, Pacora P, Gervasi MT, Gomez R, Edwin SS, Yoon BH. 

Evidence of in vivo differential bioavailability of the active forms of matrix 
metalloproteinases 9 and 2 in parturition, spontaneous rupture of membranes, and 
intra-amniotic infection. Am J Obstet Gynecol. 2000 Oct; 183(4):887-94. 

 
99.  Stephen Fontunato, Ramkumar Menon, Carrie Bryant, and Salvatore Lombardi. 

Programmed cell death (apoptosis) as a possible pathway to metalloproteinase 
and fetal membrane degradation in premature rupture of membranes.  Am J Obstet 
Gynecol 2000; 182:1468-76. 

 

100. Butler GS, Butler MJ, Atkinson SJ. Will H, Tamura T, Van Westrum SS et al. The 
TIMP 2 membrane type 1 metalloproteinase “receptor” regulates the concentration 
and efficient activation of progelatinase A: a kinetic study. J Bio Chem 1998; 
272:871-80. 

 
101. Roberts AK, Monzon-Bordonaba F, VanDeerlin PG, Holder J, Macones GA, 

Morgan MA, et al. Association of polymorphism within the promoter of the tumor 
necrosis factor alpha gene with increased risk of preterm premature rupture of fetal 
membranes. Am J Obstet Gynecol 1999; 27:362-368. 

 
102. Macones GA, Parry S, Elkousy M, Clothier B, Ural SH, Strauss JF. A 

polymorphism in the promoter region of TNF and bacterial vaginosis: a preliminary 

48 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maymon%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Romero%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pacora%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gervasi%20MT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gomez%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Edwin%20SS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yoon%20BH%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Am%20J%20Obstet%20Gynecol.');


evidence of gene environment interaction in the etiology of spontaneous preterm 
birth. Am J Obstet Gynecol 2004; 190:1504-8. 

 
103. Longini M, Perrone S, Vezzosi P, Marzocchi B, Kananidis A, Centini G, Rosignoli   

L, Buonocore. Association between oxidative stress in pregnancy and preterm 
premature rupture of membranes. Clinical Biochemistry 40(2007) 793- 797. 

 
104. Woods Jr JR. Reactive oxygen species and preterm premature rupture of 

membranes-A review. Placenta 22 supplement A Trophoblast Research 2001; 
15:838-44. 

 
105. Buonocore G, Zani S, Perrone S, Caciotti B, Bracci R. Intra erythrocyte non 

protein- bound iron and plasma malondialdehyde in the hypoxic newborn. Free 
Radic Biol Med 1998; 25:766-70. 

 
106. Wall PD, Pressman EK, Woods Jr. JR. Preterm premature rupture of membranes 

and antioxidants: the free radical connection. J Perinat Med 2002; 30:447-57. 
 

107. Menon R, Fortunato SJ, Yu J, Milne GL, Sanchez S, Drobek CO, Lappas M, 
Taylor RN. Cigarette smoking induces oxidative stress and apoptosis in normal 
term fetal membranes.  Placenta 32 (2011) 317-322. 

 
108. Woods Jr JR, Plessinger MA, Fantel A. An introduction to reactive oxygen 

species and their possible roles in substance abuse. Obstetrics and Gynecology 
Clinics 1998: 25 1 220-236. 

 
109. Pryor WA, Squadrito GL. The chemistry of peroxynitrite: a product from the 

reaction of nitric oxide with superoxide. Am J Physiol 1995: 268, L699-722 
 

110. Rahman I, MacNee W. Role of oxidants/antioxidants in smoking-induced lung 
diseases. Free Radical Biology and Medicine, 21 669. 

 
111. Draper D, McGregor J, Hall J, Jones W, Beautz M, Heine RP and Porreco R. 

Elevated protease activities in human amnion and chorion correlate with preterm 
premature rupture of membranes. Am J Obstet Gynecol 1995:173, 1506-1512. 

 
112. Rosen T, Kuczynski E, O’Neil LM, Funal EF, Lockwood CJ. Plasma levels of 

thrombin-antithrombin complexes predict preterm premature rupture of fetal 
membranes. J Mater Fetal Med 2001 Oct, 10(5); 297-300.  

 
113. Harger JH, Hsing AW, Tuomala RE, Gibbs RS, Mead PB, Eschenbach DA, Knox 

G, Polk BF. Risk factors for preterm premature rupture of fetal membranes: a multi 
center case control study. Am J Obstet Gynecol 1990; 163:130-137. 

49 
 



 
114. Ekwo EE, Gosselink CA, Woolson R et al. Coitus late in pregnancy: Risk of 

preterm rupture of amniotic sac membranes. Am J Obstet Gynecol 168:22, 1993. 
 

115. Spinillo A, Nicola S, Piazzi G, Ghazal K, Colonna, Baltaro F. Epidemiological 
correlates of preterm premature rupture of membranes. International Journal of 
Gynecology& Obstetrics 47 (1994) 7-15. 

 
116. Yang J, Katherine E, Hartmann. Savitz DA, Herring AH, Dole N, Olshan AF, 

Thorp Jr JM. Vaginal bleeding during pregnancy and preterm birth. Am J Epidemiol 
2004; 160:118-125. 

 
117. Menon R, Swan KF, Lyden TW, Rote NS, Fontunato SJ. Expression of 

inflammatory cytokines (IL-1band IL-6) in amnio chorionic membranes. Am J 
Obstet Gynecol 1995; 172:493-500. 

 
118. Pickett KE, Abrams B, Selvin S. Defining Preterm delivery. The epidemiology of 

clinical presentation. Pediatric and Perinatal Epidemiology 2000; 14: 305-308. 
 

119. Harlow BL, Frigoletto FD, Cramer DW, Evans JK, LeFevre ML, Bain RP, 
McNellis D, and the RADIUS study group. Determinants of preterm delivery in low 
risk pregnancies. J Clin Epidemiol 1996; 49:441-448. 

 
120. Shen TT, DeFranco EA, Stamilio DM, Chang JJ, Muglia LJ. A population–based 

study of race–specific risk for preterm premature rupture of membranes. Am J 
Obstet Gynecol 2008; 199:373.e1- 373.e7.   

 
121. Goldenberg RL, Iams J, Mercer B, Meis P, Moawad A, Copper R, et al. The 

preterm prediction study: the value of new vs standard risk factors in predicting 
early and all spontaneous preterm births. American Journal of Public Health 1998; 
88:233-238. 

 
122. Ferguson SE, Smith GN, Salenieks ME, Windrim R, Walker MC. Preterm 

premature rupture of membranes: Nutritional and  Socioeconomic factors. Obstet 
Gynecol 2002; 100:1250-6. 

 
123. Mercer BM, Goldenberg RL, Meis PJ, et al. The Preterm Prediction Study: 

Prediction of Preterm premature rupture of membranes through clinical findings 
and ancillary testing. Am J Obstet Gynecol 2000;183:738 

 

50 
 



124. McGregor JA, French JI, Lawellin DW et al. Bacterial protease induced reduction 
of chorioamniotic membrane strength and elasticity. Obstet Gynecol 1987; 69: 167-
174. 

 
125. Simhan HN, Caritis SN, Krohn MA, Hillier SL. The vaginal inflammatory milieu 

and the risk of early premature preterm rupture of membranes. American Journal of 
Obstetrics and Gynecology (2005) 192, 213-8. 

 
126. Gravett MG, Nelson HP, DeRouen T, Critchlow C, Eschenbach DA, Holmes KK. 

Independent associations of bacterial vaginosis and Chlamydia trachomatis 
infection with adverse pregnancy outcome. JAMA 1986; 256:1899-903. 

 
127. McGregor JA, French JI, Seo K. Premature rupture of membranes and bacterial 

vaginosis. Am J Obstet Gynecol 1993; 169:463-6. 
 

128. Sobel JD. Vaginitis. N Engl J Med 1997; 337:1896-903. 
 

129. Eschenbach DA, Hillier S, Critchlow C, Stevens C, DeRouen T, Holmes KK. 
Diagnosis and clinical manifestations of bacterial vaginosis. Am J Obstet Gynecol 
1988; 158:819-28. 

 
130. Kurki T, Sivonen A, Renkonen O, et al. Bacterial Vaginosis in early pregnancy 

and pregnancy outcome. Obstet Gynecol 80:173, 1992. 
 

131. Purwar M, Ughade S, Bhagat B, Agarwal V, Kulkarni H. Bacterial Vaginosis in 
Early Pregnancy and Adverse pregnancy outcome. J Obstet Gynecol Res. 27, 
4:175-181. 2001. 

 
132. Ekwo EE, Gosselink CA, Moawad A. Unfavorable outcome in penultimate 

pregnancy and rupture of membranes in successive pregnancy. Obstet Gynecol 
80:166, 1992. 

 
133. Kilpatrick SJ, Patil R, Connell J, Nichols J, Studee L. Risk factors for previable 

premature rupture of membranes or advanced cervical dilation: A case control 
study. American Journal of Obstetrics and Gynecology (2006) 194, 1168-75. 

 
134. Riggs MA, Klebanoff MA. Treatment of vaginal infections to prevent preterm 

birth: a Meta analysis. Clin Obstet Gynecol 2004; 47:796-807. 
 

51 
 



135. Romero R,  Chaiworapongsa T, Kuivaniemi H, Tromp G. Bacterial Vaginosis, the 
inflammatory response and the risk of preterm birth: A role for genetic 
epidemiology in the prevention of preterm birth. Am J Obstet Gynecol 2004; 
190:1509-19. 

 
136. Ekwo EE, Gosselink CA, Woolson R, Moawad A. Risks for premature rupture of 

amniotic membranes. Int J Epidemiol 1993; 22:495-503. 
 

137. Ortiz FM, Soto YG, del Rufugio VG, Beltran AG, Castro EQ, Ramirez IQ. Social-
economic and obstetric factors associated to premature rupture of membranes. 
Ginecol Obstet Mex 2008; 76:468-75. 

 
138. Hammouda A. Bleeding in the first two trimesters of pregnancy. Review of 1000 

cases. Int Surg 1966; 45: 447-9.  
 

139. Scott J. Vaginal bleeding in midtrimester of pregnancy. Am J Obstet Gynecol 
1972; 113:329-34.  

 
140. Carter S.  Overview of common obstetric bleeding disorders. Nurse Pract 1999; 

24:50-1, 54, 57-8. 
 

141. Klebanoff MA, Shiono PH, Shelby JV, Trachtenberg AI, Graubard BI: Anemia 
and spontaneous preterm birth. Am J Obstet Gynecol 164:59, 1991.  

 
142. Evaldson G, Lagrelius A, Winiarski J. Premature Rupture of the membranes. 

Acta Obstet Gynecol Scand 1980; 59:385-393. 
 

143. Mercer BM, Croker LG, Pierce WF, et al. Clinical characteristics and outcome of 
twin gestation complicated by preterm premature rupture of membranes. Am J 
Obstet Gynecol 168: 1467, 1993. 

 
144. Averbuch B, Mazor M, Shoham-Vardi I, Chaim W, Vardi H, Harowitz S, Shuster 

M. Intrauterine infection in women with preterm premature rupture of membranes 
and neonatal characteristics. European Journal of Obstetrics and Gynecology and 
reproductive biology 62 (1995) 25-29. 

 
145. Hassan SS, Romero R, Maymon E, Berry SM, Blackwell SC, Treadwell MC, 

Tomlinson M. Does cervical cerclage prevent preterm delivery in patients with short 
cervix? Am J Obstet Gynecol. 2001; 184:1325-31. 

 

52 
 



146. Bornstein P, Piez KA. The nature of the intramolecular cross-links in collagen. 
The separation and characterization of peptides from the cross link region of rat 
skin collagen. Biochemistry 1966; 5: 3460-73. 

 
147. Kiilholma P, Gronroos M, Erkkola R, Pakarinenp, Nanto V. The role of calcium, 

copper, iron and zinc in preterm delivery and premature rupture of fetal 
membranes. Gynecol Obstet Invest 1984; 17:194-201. 

 
148. Casanueva E, Magana L, Pfeffer F, Baez A. Incidence of premature rupture of 

membranes in pregnant women with low leukocyte levels of Vitamin C. Eur J Clin 
Nutr 1991;45:401-5. 

 
149. Casanueva E, Ripoll C, Tolentino M, Morales RM, Pfeffer F, Vilchis P, Vadillo–

Ortega F. Vitamin C supplementation to prevent premature rupture of the 
chorioamniotic membranes: a randomized trial.  

 
150. Lubec B, Fang-Kircher S, Lubec T, Blom HJ, Boers CHJ.  Evidence for 

McKusick’s hypothesis of deficient collagen cross-linking in patients with 
homocystinuria.  Biochem Biophys Acta 1996; 1315: 159-62. 

 
151. Scholl TO, Hediger ML, Schall JI, et al: Low zinc intake during pregnancy: Its 

association with preterm and very preterm delivery. Am J Epidemiol137:1115, 
1993. 

 
152. Shiono PH, Klebanoff MA, Rhoads GG. Smoking and drinking during pregnancy: 

their effects on preterm birth. JAMA 255:82, 1986. 
 

153. Iams ID, Stilson R, Johnson FF, et al. Symptoms that precede preterm labor and 
preterm premature rupture of membranes. Am J Obstet Gynecol.162:486, 1990.  

 
154. Williams MA, Mittendorff R, Stubblefield PG, Lieberman E, Schoenbaum SC, 

Monson RR. Cigarettes coffee and preterm premature rupture of membranes. Am J 
Epidemiol 135:895, 1992. 

 
155. Naeye RL. Factors that predispose to premature rupture of fetal membranes. 

Obstet Gynecol 60:93, 1982. 
 

156. Schieve LA, Cogswell ME, Scanlon KS, Perry G, Ferre C, Blackmore-Prince, et 
al. Pre pregnancy body mass index and pregnancy weight gain: associations with 

53 
 



preterm delivery. The NMIHS Collaborative Study Group. Obstet Gynecol 2000; 
96:194-200. 

 
157. Spinillo A, Capuzzo E, Piazzi G, Ferrari A, Morales V, Di Mario M. Risk for 

spontaneous preterm delivery by combined body mass index and gestational 
weight gain patterns. Acta Obstet Gynecol Scand. 1998; 77:32-6. 

 
158. Rudra CB, Ihunnaya O, Frederick and Michelle A, Williams. Pre-pregnancy body 

mass index and weight gain during pregnancy in relation to preterm delivery 
subtypes. Acta Obstet Gynecol 2008, 87:510-517. 

 
159. Siega-Riz AM, Adair LS, Hobel CJ. Maternal underweight status and inadequate 

rate of weight gain during the third trimester of pregnancy increases the risk of 
preterm delivery. J Nutr. 1996; 126:146-53. 

 
160. Winkvist A, Morgan I, Hogberg U. Familial patterns in birth characteristics: impact 

on individual and population risks. Int. J. Epidemiol. 1998; 27: 248-254. 
 

161. DeFranco E, Teramo K, Muglia L. Genetic influences on preterm birth. Seminars 
in reproductive medicine 2007; 25(1):40-51. 

 
162. Lee T, Carpenter MW, Heber WW, Silver HM. Preterm premature rupture of 

membranes: risks of recurrent complications in the next pregnancy among a 
population-based sample of gravid women. Am J of Obstet and Gynecol 2003; 188 
(1); 209-213. 

 
163. Plunkett J, Borecki I, Morgan T, Stamilio D, Muglia LJ. Population–based 

estimate of sibling risk for preterm birth, preterm premature rupture of membranes, 
placental abruption and preeclampsia. BMC Genetics. 2008; 9: 44. 

 
164. Ferrand PE, Parry S, Sammel M, Macones GA. et al. A polymorphism in the 

matrix metalloproteinase-9 promoter is associated with increased risk of preterm 
premature rupture of membranes in African Americans. Mol Hum Reprod 2002:8; 
494-501. 

 
165. Lorenx E, Hallman M, Martila R, Haataja R, et al. Association between the 

A299Gly polymorphisms in the toll-like receptor 4 and premature births in the 
Finnish population. Pediatr res 2002; 52:373-376. 

 
166. Wang H, Parry S, Macones G, Sammel MD, Kuivaniemi H, Tromp G, 

Argyropoulos, Halder I, Shriver MD, Romero R, Strauss III JF. A functional SNP in 
the promoter of the SERPINH1 gene increases risk of preterm premature rupture of 
membranes in African Americans. PNAS 2006; 103:36:13463-13467. 

54 
 



 
167. Fujimoto T, Parry S, Urbaneck M, Sammel M, Macones G, Kuivaniemi H, 

Romero R, Strauss III JF. A single nucleotide polymorphism in the Matrix 
metalloproteinase-1 (MMP-1) promoter influences amnion cell MMP-1 expression 
and risk for preterm premature rupture of the fetal membranes. The journal of 
biological chemistry 2002; 277:6296-6302. 

 
168. Wang H, Ogawa M, Wood JR, Bartolomei MS, Sammel MD, Kusanivic JP, Walsh 

SW, Romero R, Strauss III JF. Genetic and Epigenetic mechanisms combine to 
control MMP1 expression and its association with preterm premature rupture of 
membranes. Human Molecular Genetics 2008; 17:1087-1096. 

 
169. Roberts AK, Monzon-Bordonaba F, Van Deerlin PG, Holder J, Macones GA, 

Morgan MA, Strauss III JF, Parry S. Association of polymorphism within the 
promoter of the tumor necrosis factor alpha gene with increased risk of preterm 
premature rupture of the fetal membranes. Am J Obstet Gynecol. 1999; 180: 1297-
1302. 

 
170. Kuhnert BR, Kuhnert PM, Groh Wargo SL, Webster S, Erhard, Lazebnik N. 

Smoking alters the relationship between maternal zinc intake and biochemical 
indices of fetal zinc status. Am J Clin Nutr 1992; 55(5): 9814 

 
171. Goldenberg RL, Mercer BM, Meis PJ, et al. The Preterm Prediction Study. Fetal 

Fibronectin testing and spontaneous preterm birth. NICDH Maternal–Fetal 
Medicine Units Network. Obstet Gynecol. 1996; 87:643. 

 
172. Goepfert AR, Goldenberg RL, Mercer B, et al. The Preterm Prediction Study: 

quantitative fetal fibronectin values and the prediction of spontaneous preterm 
birth. The National Institute of Child Health and Human Development Maternal-
Fetal Medicine Units Network. Am J Obstet Gynecol 2000; 183:1480. 

 
173. Lockwood CJ, Wein R, Lapinski R, et al. The presence of cervical and vaginal 

fetal fibronectin predicts preterm delivery in an inner city obstetric population. Am J 
Obstet Gynecol 1993; 169:798. 

 
174. Gaucherand P, Guibaud S, Awada A, Rudigoz RC. Comparative study of three 

amniotic fluid markers in premature rupture of membranes: fetal fibronectin, alpha- 
fetoprotein, diamino-oxydase. Acta Ostet Gynecol Scand 1995 Feb 74(2); 118-21. 

 
175. Vadillo-Ortega F, Hernandez A, Gonzalez-Avila G, Bermejo L, Iwata K, Strauss 

JF, III. Increased matrix metalloproteinase activity and reduced tissue inhibitor of 
metalloproteinases levels in amniotic fluids from pregnancies complicated by 
premature rupture of membranes. Am J Obstet Gynecol 1996; 174:1371-6. 

 

55 
 



176. Tu FF, Goldenberg RL, Tamura T, Drewa M, Zucker SJ, Voss HF. Prenatal 
plasma matrix metalloproteinase -9 levels to predict spontaneous preterm birth. 
Obstet Gynecol 1998; 179:1248-53. 

 
177. Joseph R. Biggio Jr, Patrick S. Ramsey, Suzanne P. Cliver, Martha D. Lyon, 

Robert L Goldenberg, Katharine D. Wenstrom. Midtrimester amniotic fluid matrix 
metalloproteinase-8 (MMP-8) levels above the 90th percentile are a marker for 
subsequent preterm premature rupture of membranes. American Journal of 
Obstetrics and Gynecology. 2005 192. 109-13. 

 
178. Romem Y, Artal R, (1985). C-reactive proteins in pregnancy and in post partum 

period. Am J Obstet Gynecol. 151:380-383. 
 

179. T.Kurki, K. Teramo, O. Ylikorkala and J.Paavonen. C-reactive protein in preterm 
premature rupture of membranes. Arch Gynecol Obstet (1990) 247(1):31-37. 

 
180. Rizzo G, Capponi A, Vlachopoulou A, Angelini E, Grassi C, Romanini C. 

Interleukin-6 concentrations in cervical secretions in the prediction of intrauterine 
infection in preterm premature rupture of membranes. Gynecol Obstet Invest 1998; 
46(2): 91-95. 

 
181. Uldbjerg N, Ekman G, Malmstrom A, Olsson K, Ulmsten U. Ripening of the 

uterine cervix, related to changes in collagen glycosaminoglycans and 
collagenolytic activity. Am J Obstet Gynecol 1983; 147:662-6. 

 
182. Koay ES, Too CK, Greenwood FC, Bryant-Greenwood GD. Relaxin stimulates 

collagenase and plasminogen activator secretion by dispersed human amnion and 
chorion cell in vitro. J Clin Endocrinol metab 1983; 56:1332-4. 

 
183. Quin X, Garibay-Tupas J, Chua PK, Cachola L, Bryant-Greenwood GD. An 

autocrine/ paracrine role of human decidual relaxin. Interstitial collagenase (MMP-
1) and tissue plasminogen activator. Biol Reprod 1997; 56:800-11. 

 
184. Petersen LK, Skajaa K, Uldbjerg N. Serum relaxin as a potential marker for 

preterm labor. British Journal of Obstetrics and Gynecology. April 1992; Vol 99, pp. 
292-295. 

 
185. Iams JD, Goldsmith LT, Weiss G. The Preterm Prediction Study: Maternal Serum 

Relaxin, Sonographic Cervical Length, and Spontaneous preterm Birth in Twins.  J 
Soc Gynecol Investig 2001; 8:39-42. 

 

56 
 



186. Morales WJ, Schorr S, Albritton J. Effect of metronidazole in patients with 
preterm birth in preceding pregnancy and bacterial vaginosis: a placebo controlled 
double blind study. Am J Obstet Gynecol 1994:171(2):345-9. 

 
187. Bo Jonsson, Hauge B, Larsen MO, Hald F. Zinc supplementation during 

pregnancy: a double blind randomized controlled trial. Acta Obstetricia et 
Gynecologica Scandinavica 1996; 75:725-729. 

 
188. Casanueva E, Ripoll C, Tolentino M, Morales RM, Pfeffer F, Vilchis P, Vadillo-

Ortega F. Vitamin C supplementation to prevent premature rupture of membranes: 
a randomized trial. Am J Clin Nutr 2005; 81:859-63. 

 

57 
 


	81.  Hill JA, Polgar K, Anderson DJ.  T-Helper 1-Type Immunity to Trophoblast in Women with Recurrent Spontaneous Abortion. J Am Med Ass 1995; 273:1933-1936.
	95.  Kondapaka SB, Fridman R, Reddy KB. Epidermal growth factor and amphiregulin up-regulate matrix metalloproteinase-9 (MMP-9) in human breast cancer cells. Int J Cancer 1997; 70:722-726.
	96.  Romero R, Chaiworaponga T, Espinoza J, Gomez R, et al. Fetal plasma MMP-9 concentrations are elevated in preterm premature rupture of membranes. Am J Obstet Gynecol 2002; 187:1125-1130.
	109. Pryor WA, Squadrito GL. The chemistry of peroxynitrite: a product from the reaction of nitric oxide with superoxide. Am J Physiol 1995: 268, L699-722
	110. Rahman I, MacNee W. Role of oxidants/antioxidants in smoking-induced lung diseases. Free Radical Biology and Medicine, 21 669.
	111. Draper D, McGregor J, Hall J, Jones W, Beautz M, Heine RP and Porreco R. Elevated protease activities in human amnion and chorion correlate with preterm premature rupture of membranes. Am J Obstet Gynecol 1995:173, 1506-1512.
	113. Harger JH, Hsing AW, Tuomala RE, Gibbs RS, Mead PB, Eschenbach DA, Knox G, Polk BF. Risk factors for preterm premature rupture of fetal membranes: a multi center case control study. Am J Obstet Gynecol 1990; 163:130-137.
	114. Ekwo EE, Gosselink CA, Woolson R et al. Coitus late in pregnancy: Risk of preterm rupture of amniotic sac membranes. Am J Obstet Gynecol 168:22, 1993.
	160. Winkvist A, Morgan I, Hogberg U. Familial patterns in birth characteristics: impact on individual and population risks. Int. J. Epidemiol. 1998; 27: 248-254.
	161. DeFranco E, Teramo K, Muglia L. Genetic influences on preterm birth. Seminars in reproductive medicine 2007; 25(1):40-51.
	162. Lee T, Carpenter MW, Heber WW, Silver HM. Preterm premature rupture of membranes: risks of recurrent complications in the next pregnancy among a population-based sample of gravid women. Am J of Obstet and Gynecol 2003; 188 (1); 209-213.
	163. Plunkett J, Borecki I, Morgan T, Stamilio D, Muglia LJ. Population–based estimate of sibling risk for preterm birth, preterm premature rupture of membranes, placental abruption and preeclampsia. BMC Genetics. 2008; 9: 44.
	164. Ferrand PE, Parry S, Sammel M, Macones GA. et al. A polymorphism in the matrix metalloproteinase-9 promoter is associated with increased risk of preterm premature rupture of membranes in African Americans. Mol Hum Reprod 2002:8; 494-501.
	165. Lorenx E, Hallman M, Martila R, Haataja R, et al. Association between the A299Gly polymorphisms in the toll-like receptor 4 and premature births in the Finnish population. Pediatr res 2002; 52:373-376.
	166. Wang H, Parry S, Macones G, Sammel MD, Kuivaniemi H, Tromp G, Argyropoulos, Halder I, Shriver MD, Romero R, Strauss III JF. A functional SNP in the promoter of the SERPINH1 gene increases risk of preterm premature rupture of membranes in African ...
	167. Fujimoto T, Parry S, Urbaneck M, Sammel M, Macones G, Kuivaniemi H, Romero R, Strauss III JF. A single nucleotide polymorphism in the Matrix metalloproteinase-1 (MMP-1) promoter influences amnion cell MMP-1 expression and risk for preterm prematu...
	168. Wang H, Ogawa M, Wood JR, Bartolomei MS, Sammel MD, Kusanivic JP, Walsh SW, Romero R, Strauss III JF. Genetic and Epigenetic mechanisms combine to control MMP1 expression and its association with preterm premature rupture of membranes. Human Mole...
	169. Roberts AK, Monzon-Bordonaba F, Van Deerlin PG, Holder J, Macones GA, Morgan MA, Strauss III JF, Parry S. Association of polymorphism within the promoter of the tumor necrosis factor alpha gene with increased risk of preterm premature rupture of ...
	182. Koay ES, Too CK, Greenwood FC, Bryant-Greenwood GD. Relaxin stimulates collagenase and plasminogen activator secretion by dispersed human amnion and chorion cell in vitro. J Clin Endocrinol metab 1983; 56:1332-4.
	183. Quin X, Garibay-Tupas J, Chua PK, Cachola L, Bryant-Greenwood GD. An autocrine/ paracrine role of human decidual relaxin. Interstitial collagenase (MMP-1) and tissue plasminogen activator. Biol Reprod 1997; 56:800-11.
	184. Petersen LK, Skajaa K, Uldbjerg N. Serum relaxin as a potential marker for preterm labor. British Journal of Obstetrics and Gynecology. April 1992; Vol 99, pp. 292-295.
	185. Iams JD, Goldsmith LT, Weiss G. The Preterm Prediction Study: Maternal Serum Relaxin, Sonographic Cervical Length, and Spontaneous preterm Birth in Twins.  J Soc Gynecol Investig 2001; 8:39-42.
	186. Morales WJ, Schorr S, Albritton J. Effect of metronidazole in patients with preterm birth in preceding pregnancy and bacterial vaginosis: a placebo controlled double blind study. Am J Obstet Gynecol 1994:171(2):345-9.
	187. Bo Jonsson, Hauge B, Larsen MO, Hald F. Zinc supplementation during pregnancy: a double blind randomized controlled trial. Acta Obstetricia et Gynecologica Scandinavica 1996; 75:725-729.
	188. Casanueva E, Ripoll C, Tolentino M, Morales RM, Pfeffer F, Vilchis P, Vadillo-Ortega F. Vitamin C supplementation to prevent premature rupture of membranes: a randomized trial. Am J Clin Nutr 2005; 81:859-63.

