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Abstract  

 

Objective: To determine if an elevated amniotic fluid concentration of 

prostaglandin F2α (PGF2α) is associated with intra-amniotic 

inflammation/infection and adverse pregnancy outcomes in patients with 

preterm labor and intact membranes. 

Methods: A retrospective cohort study was performed including 132 

singleton pregnancies with preterm labor and intact membranes (<35 weeks). 

Amniotic fluid was cultured for aerobic and anaerobic bacteria as well as 

genital mycoplasmas. Intra-amniotic inflammation was defined as an elevated 

amniotic fluid matrix metalloproteinase-8 (MMP-8) concentration (>23 

ng/mL). PGF2α was measured with a sensitive and specific immunoassay. The 

amniotic fluid PGF2α concentration was considered elevated when it was 

above the 95th percentile for amniotic fluid PGF2α concentrations among 

pregnant women at 15-36 weeks of gestation who were not in labor (≥170 

pg/mL).  

Results: (1) The prevalence of an elevated amniotic fluid PGF2α 

concentration was 40% (53/132) in patients with preterm labor and intact 

membranes; (2) patients with an elevated amniotic fluid PGF2α concentration 
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had significantly higher rates of a positive amniotic fluid culture [19% (10/53) 

vs. 5% (4/79); p=0.019], intra-amniotic inflammation/infection [49% (26/53) 

vs. 20% (16/79); p=0.001], spontaneous preterm delivery, clinical and 

histologic chorioamnionitis as well as funisitis, higher median amniotic fluid 

MMP-8 concentration and amniotic fluid white blood cell count, and shorter 

amniocentesis-to-delivery interval than those without an elevated amniotic 

fluid PGF2α (p<0.05 for each); and (3) an elevated amniotic fluid PGF2α 

concentration was associated with a shorter amniocentesis-to-delivery interval 

after adjustment for the presence of intra-amniotic inflammation/infection 

[hazard ratio 2.1, 95% confidence interval (CI) 1.4-3.1; p=0.001].   

Conclusions: The concentration of PGF2α was elevated in the amniotic fluid 

of 40% of patients with preterm labor and intact membranes and is an 

independent risk factor for intra-amniotic inflammation/infection, impending 

preterm delivery, chorioamnionitis and funisitis. 

 -------------------------------------------------------------------------------------------- 

Keywords: Preterm labor, prostaglandin, intra-amniotic inflammation, 

intra-amniotic infection, preterm birth, histologic chorioamnionitis, 

funisitis  

Student Number: 2014-21119   
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Introduction 

 

Preterm birth is the leading cause of perinatal morbidity and mortality 

worldwide and remains a major obstetrical challenge [1-5]. Two-thirds of all 

preterm births result from spontaneous preterm labor [6] which is a syndrome 

[7-9] characterized by the combination of increased uterine contractility [10], 

cervical remodeling [11-15] and/or activation of the chorioamniotic 

membranes and decidua [16-19].   

The diagnosis, treatment and prevention of spontaneous preterm birth have 

been a major focus of attention in contemporary obstetrics and perinatal 

medicine [20-21]. Biomarkers for the diagnosis of preterm labor and 

impending preterm delivery are desirable because they would allow rational 

allocation of resources and can influence management (e.g. admission to the 

hospital, administration of steroids, transfer to a tertiary care center, etc.). This 

has been the basis for the use of cervical length [22-24], fetal fibronectin [25-

29], alpha-macroglobulin-1 [30-32], insulin-like growth factor binding 

protein-1 [33-36], and the concentrations of inflammatory mediators in 

amniotic fluid [37-50]/cervicovaginal fluid [51-60] in patients presenting with 

increased uterine contractility or suspected preterm labor.  

Prostaglandins are considered the mediators of parturition [61-79] and they 

can stimulate myometrial contractility [80-92] in the first, second and third 

trimester (unlike oxytocin), induce cervical remodeling [93-102] and 

participate in extracellular matrix degradation leading to rupture of 
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membranes [103-111]. The main prostaglandins found in amniotic fluid are 

prostaglandin E2 (PGE2) and prostaglandin F2α (PGF2α) [112-113]. The 

concentrations of these eicosanoids increase prior to the onset of labor at term 

[70, 74, 76], during labor [113] and rupture of membranes [66], as well as in 

spontaneous preterm labor [particularly in the setting of microbial invasion of 

the amniotic cavity (MIAC)] [63-65, 71, 107]. Despite the physiologic and 

pharmacologic importance of prostaglandins in spontaneous term and preterm 

labor, there is a paucity of literature examining the potential role of 

prostaglandin concentrations in the assessment of patients with preterm labor 

[63-65, 71, 107].  

We have previously reported that the amniotic fluid concentrations of 

PGF2α in women with preterm prelabor rupture of membranes (PROM) was 

associated with intra-amniotic inflammation and short latency period [107]. 

Specifically, an amniotic fluid concentration of PGF2α ≥170 pg/mL was a 

predictor of pregnancy duration after adjusting for gestational age and the 

presence of amniotic fluid inflammation/infection [107]. Thus the objective of 

this study was to determine whether amniotic fluid concentrations of PGF2α 

have diagnostic and prognostic value in patients with preterm labor and intact 

membranes. 
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Methods 

 

1. Study design 

This was a retrospective cohort study which included patients with 

singleton gestations admitted to the Seoul National University Hospital with 

the diagnosis of preterm labor and intact membranes. The diagnosis of this 

condition was made if the following criteria were met: 1) gestational age 

between 20 weeks and 35 weeks; 2) regular uterine contractions – eight or 

more in 60 minutes; and 3) amniotic fluid obtained by transabdominal 

amniocentesis or collected at the time of cesarean delivery. Retrieval of 

amniotic fluid was performed after a written informed consent was obtained. 

The Institutional Review Board of the Seoul National University Hospital 

approved the collection and use of these samples and clinical information for 

research purposes.  

 

2. Amniotic fluid 

Amniotic fluid was cultured for aerobic and anaerobic bacteria as well as 

genital mycoplasmas. An aliquot of amniotic fluid was examined in a 

hemocytometer chamber for white blood cell count determination. Amniotic 

fluid not used for studies was centrifuged and stored in polypropylene tubes at 

-70°C until assayed. PGF2α concentrations were measured with a 

commercially available enzyme-linked immunoassay (Assay Design, Ann 

Arbor, MI, USA). The sensitivity of the assay was 7.7 pg/mL. Intra- and inter-
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assay coefficients of variation were <10%. Matrix metalloproteinase-8 

(MMP-8) concentrations were measured with a commercially available 

enzyme-linked immunosorbent assay (ELISA) (Amersham Pharmacia Biotech, 

Inc, Little ChalfontBucks, UK). The sensitivity of the test was 0.3 ng/mL and 

intra- and inter-assay coefficients of variation were <10%. 

 

3. Intra-amniotic inflammation and an elevated amniotic 

fluid PGF2α 

The presence of intra-amniotic inflammation was defined as an elevation of 

amniotic fluid MMP-8 concentration (>23 ng/mL), as previously reported 

[114]. An elevated amniotic fluid PGF2α concentration was defined as ≥170 

pg/mL. This is based on our previous study which reported that amniotic fluid 

PGF2α concentration of 170 pg/mL corresponded to the value at the 95th 

percentile for amniotic fluid PGF2α concentrations among pregnant women 

with intact membranes not in labor between 15-36 weeks of gestation [76].  

 

4. Diagnosis of funisitis, histologic and clinical 

chorioamnionitis  

Placental tissue samples were obtained for histopathologic evaluation and 

were fixed in 10% neutral buffered formalin followed by embedding in 

paraffin. Sections of blocks were stained with Hematoxylin and Eosin. 

Pathologists were blinded to the clinical information. Funisitis was diagnosed 

in the presence of neutrophil infiltration into the umbilical vessel walls or 
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Wharton’s jelly [114-115]. Acute histologic chorioamnionitis was diagnosed 

in the presence of acute inflammatory changes on any of tissue samples 

including amnion, chorion-decidua, umbilical cord, and chorionic plate [115]. 

Clinical chorioamnionitis was diagnosed by the presence of maternal fever 

(temperature >37.8°C) accompanied by two or more of the following criteria: 

1) maternal tachycardia (heart rate >100 beats/min); 2) uterine tenderness; 3) 

foul-smelling amniotic fluid; 4) fetal tachycardia (heart rate >160 beats/min); 

and 5) maternal leukocytosis (leukocyte count >15,000 cells/mm³) [116-117].  

 

5. Statistical analysis 

The Continuous variables were compared between two groups that were 

divided according to the concentration of amniotic PGF2α with the Mann-

Whitney U test. Proportions were compared with the Fisher’s exact test. The 

generalized Wilcoxon test for survival analysis was applied to examine the 

interval from amniocentesis-to-delivery. The amniocentesis-to-delivery 

interval of patients delivered for maternal or fetal indications rather than 

spontaneous progression of labor was treated as censored data and censoring 

time was considered equal to the amniocentesis-to-delivery interval. Cox 

proportional hazard model was used to determine hazard ratio of 

amniocentesis-to-delivery interval according to amniotic fluid PGF2α 

concentrations with adjustment of confounding factors. A p-value <0.05 was 

considered statistically significant. Analysis was performed by SPSS, version 

21 (SPSS Inc., Chicago, IL, USA).    
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Results 

 

1. Clinical characteristics and pregnancy outcomes of the 

study population  

The prevalence of an elevated PGF2α in amniotic fluid was 40.2% (53/132). 

Table 1 describes the clinical characteristics and pregnancy outcomes 

according to PGF2α concentration in amniotic fluid. There were no significant 

differences in the median degree of cervical dilatation and gestational age at 

amniocentesis between the two groups of patients (p >0.05). However, 

patients with an elevated concentration of amniotic fluid PGF2α had 

significantly lower median gestational age at delivery, higher rates of a 

positive amniotic fluid culture, intra-amniotic inflammation, clinical and 

histologic chorioamnionitis, funisitis as well as preterm delivery. A 

significantly higher median amniotic fluid MMP-8 concentration and white 

blood cell count were observed in patient with elevated amniotic fluid PGF2α 

concentration when compared to those without an elevated concentration of 

amniotic fluid PGF2α (p-value <0.05 for all) (see Table 1). 

 

2. The amniocentesis-to-delivery interval according to the 

concentration of amniotic fluid PGF2α  

Figure 1 demonstrates amniocentesis-to-delivery interval according to the 

concentration of amniotic fluid PGF2α. Patients with an elevated amniotic 
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fluid PGF2α had a significantly shorter amniocentesis-to-delivery interval than 

those without an elevated concentration of amniotic fluid PGF2α (p <0.001, 

Figure 1A). Moreover, among patients without intra-amniotic 

inflammation/infection, those with an elevated amniotic fluid PGF2α had a 

significantly shorter amniocentesis-to-delivery interval than those without an 

elevated amniotic fluid PGF2α concentration (p=0.007, Figure 1B). This 

association is still observed after adjustment for the presence of amniotic fluid 

inflammation/infection (hazard ratio 2.1, 95% confidence interval (CI) 1.4-3.1; 

p=0.001).  

 

3. Diagnostic indices and likelihood ratios of 

concentration of amniotic fluid PGF2α for spontaneous 

preterm delivery 

The diagnostic indices and likelihood ratios for spontaneous preterm 

delivery within 48 hours and 7 days of amniocentesis as well as spontaneous 

preterm delivery before 36 weeks are presented in Table 2. A subgroup 

analysis was performed focusing on patients without intra-amniotic 

inflammation/infection. Such results are presented in Table 3. This analysis 

was undertaken to explore whether amniotic fluid PGF2α concentration would 

have different diagnostic performance in patients with and without intra-

amniotic inflammation/infection. However, the observations reported in Table 

2 suggest that the performance is similar in patients with and without intra-

amniotic inflammation/infection. 
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Discussion 

 

1. Principal findings of this study 

The principal findings of this study are: (1) The prevalence of an elevated 

PGF2α concentration in amniotic fluid was 40% in patients with preterm labor 

and intact membranes; (2) an elevated amniotic fluid PGF2α concentration is 

associated with intra-amniotic inflammation/infection, acute histologic 

chorioamnionitis and funisitis; and (3) patients with an elevated PGF2α 

concentration (≥170 pg/mL) have a shorter amniocentesis-to-delivery interval 

than those with a normal amniotic fluid PGF2α concentration after adjustment 

for the presence of intra-amniotic inflammation/infection. 

 

2. Prostaglandins in term and preterm labor  

Prostaglandins, bioactive lipid mediators of arachidonic acid metabolism via 

the cyclooxygenase (COX) pathway, are known to play an important role in 

reproductive physiology [62, 68-60, 76, 77]. Increased expression of the 

inducible forms of cyclooxygenase and cyclooxygenase-2, in human amnion 

and other tissues are responsible for the increased biosynthesis of 

prostaglandins with the onset of labor [70, 74, 76, 113]. Previous studies have 

documented increased concentrations of the primary prostaglandins and their 

metabolites in labor at term [66, 67, 70, 71, 76, 82, 83], as well as in 

spontaneous preterm labor [63-65, 76, 107]. 
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The premise for this study was that an elevated concentration of amniotic 

fluid prostaglandins is associated with the progression of the parturitional 

process and particularly in the context of intra-amniotic 

inflammation/infection. We found that an elevated amniotic fluid PGF2α 

concentration was observed in 40% of patients with preterm labor and intact 

membranes and those patients with an elevated amniotic fluid PGF2α were 

more likely to have intra-amniotic infection, histologic chorioamnionitis, 

funisitis and a shorter amniocentesis-to-delivery interval than those without an 

elevated amniotic fluid PGF2α concentration.  

What are the mechanisms responsible for an elevated PGF2α concentration in 

amniotic fluid? Microbial invasion of the amniotic cavity results in the 

production of pro-inflammatory cytokines such as interleukin-1β and tumor 

necrosis factor-α, which can stimulate prostaglandin production by gestational 

tissues (amnion, chorion and decidua) [63-65, 103]. 

 

3. Clinical implications 

A major challenge in clinical obstetrics is to identify biomarkers that would 

have prognostic significance in patients with preterm labor without intra-

amniotic inflammation/infection. The results reported herein suggest that in 

the absence of intra-amniotic inflammation/infection, the amniotic fluid 

concentration of PGF2α is related to the amniocentesis-to-delivery interval 

(see Figure 1B). However, the diagnostic indices for the identification of 

patients who delivered within 48 hours, 7 days or before 36 weeks of 
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gestation were not optimal (see Table 2). It is possible that PGF2α can be a 

part of a multimarker panel to assess the likelihood of preterm delivery in 

such patients. Further research is required to identify additional biomarkers in 

patients with preterm labor without intra-amniotic inflammation/infection.  

 

4. Strengths and limitations   

The major strength of this study is its design (i.e. cohort study) and the 

inclusion of patients with preterm labor in whom the amniotic fluid status was 

assessed by measuring a marker of inflammation (MMP-8), performing 

culture for amniotic fluid microorganisms and systematic histopathologic 

examination of the placenta to determine the presence of acute histologic 

chorioamnionitis and funisitis. This study is unique in that such a 

multidimensional evaluation has not been performed before when assessing 

the potential value of eicosanoids. A limitation of this study is that we have 

used an immunoassay rather than a chemical assay for the determination of 

PGF2α. New developments in lipidomics have now made it possible to assess 

metabolites of multiple pathways of arachidonic acid (i.e. cyclooxygenase, 

lipoxygenase and epoxygenase) [78]. Further research could use lipidomics to 

identify biomarkers for intra-amniotic inflammation, intra-amniotic infection, 

sterile intra-amniotic inflammation and impending preterm delivery in 

patients with preterm labor.   
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Conclusion 

An elevated amniotic fluid PGF2α in patients with preterm labor and intact 

membranes is associated with intra-amniotic inflammation/infection, clinical 

chorioamnionitis, acute histologic chorioamnionitis, funisitis, and a short 

amniocentesis-to-delivery interval after adjustment for the presence of intra-

amniotic inflammation/infection. 
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Table I. Clinical characteristics and pregnancy outcomes of the patients 

according to the PGF2α concentration in amniotic fluid 

 Low PGF2α 

(n=79) 

Elevated PGF2α 

(n=53) 

p-value 

GA at amniocentesis (weeks)  31.7 (16.1-35.1) 32.4 (23.6-35.1) NS 

GA at delivery (weeks) ★ 37.3 (16.4-42.0) 34.1 (23.6-41.1) <0.001 

Positive amniotic fluid culture 

(n) 
4 (5.1%) 10 (18.9%) 0.019 

Intra-amniotic inflammation 

(n/N) 
14/77 (18.2%) 26/53 (49.1%) <0.001 

Intra-amniotic 

inflammation/infection (n/N)‡ 
16/79 (20.3%) 26/53 (49.1%) 0.001 

Amniotic fluid WBC 

(cells/mm3)★ 
0 (0-711) 3 (0->1000) <0.001 

Amniotic fluid MMP-8 

(ng/mL)★ 
0.9 (0-829.9) 17.0 (0.1-3,929.0) <0.001 

Cervical dilatation (cm) 1.0 (0-10.0) 1.5 (0-8.0) NS 

Clinical chorioamnionitis (n) 1 (1.3%) 8 (15.1%) 0.003 

Amniocentesis-to-delivery 

interval (hours)† 

Within 48 hours (n) 

Within 7 days (n) 

671.0 (0-2,683.2) 

18 (22.8%) 

25 (31.6%) 

37.0 (0.1-2,112.0) 

29 (54.7%) 

36 (67.9%) 

<0.001 

<0.001 

<0.001 

Preterm delivery <36 weeks 

(n) 
35 (44.3%) 41 (77.4%) <0.001 

Acute histologic 

chorioamnionitis (n/N) 
17/45 (37.8%) 24/38 (63.2%) 0.028 

Funisitis (n/N) 4/43 (9.3%) 11/36 (30.6%) 0.022 

GA=gestational age; MMP-8=matrix metalloproteinase-8; Low MMP-8=matrix 

metalloproteinase-8 ≤23 ng/mL; Elevated MMP-8=matrix metalloproteinase-8 >23 

ng/mL; NS=not significant; PGF2α=Prostaglandin F2α; WBC=white blood cells.  

Values are medians and ranges. 

★ p <0.05, by Mann-Whitney U test 

† Compared by generalized Wilcoxon test for survival analysis 

‡ Intra-amniotic inflammation/infection was defined as a positive amniotic fluid 

culture and/or an elevated amniotic fluid MMP-8 concentration (>23 ng/mL) 
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Table II. Diagnostic indices and likelihood ratios for spontaneous preterm 

delivery within 48 hours and 7 days of amniocentesis, and before 36 

weeks of gestation  

 Prevalence Sensitivity 
% (n) 

Specificity 
% (n) 

Positive 
likelihood 

ratio 

Negative 
likelihood 

ratio 

sPTD within 

48 hours of 

amniocentesis 

30.3%  
(40/132) 

67.5% 
(27/40) 

74.0% 
(54/73) 

2.60 0.44 

sPTD within 

7 days of 

amniocentesis 

37.1% 
(49/132) 

63.3% 
(31/49) 

76.6% 
(49/64) 

2.71 0.48 

sPTD before 

36 weeks 

43.2% 
(57/132) 

59.6% 
(34/57) 

78.6% 
(44/56) 

2.79 0.36 

sPTD=spontaneous preterm delivery 
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Table III. Diagnostic indices and likelihood ratios for spontaneous 

preterm delivery within 48 hours and 7 days of amniocentesis, and before 

36 weeks of gestation  in patients without intra-amniotic 

inflammation/infection 

 Prevalence Sensitivity 
% (n) 

Specificity 
% (n) 

Positive 
likelihood 

ratio 

Negative 
likelihood 

ratio 

sPTD within 

48 hours of 

amniocentesis 

12.2% 
(11/90) 

63.6% 
(7/11) 

76.2% 
(48/63) 

2.67 0.48 

sPTD within 

7 days of 

amniocentesis 

17.8% 
(16/90) 

56.3% 
(9/16) 

77.6% 
(45/58) 

2.51 0.56 

sPTD before 

36 weeks 

23.3% 
(21/90) 

52.4% 
(11/21) 

79.2% 
(42/53) 

2.52 0.60 

sPTD=spontaneous preterm delivery 
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Figure 1. Survival analysis of the amniocentesis-to-delivery interval 

according to the concentration of amniotic fluid PGF2α  

 

(A) Median, 37.0 hours (range, 0.1-2112.0 hours) vs. median, 671.0 hours (range, 0-

2683.2 hours), p <0.001; (B) only in patients without intra-amniotic 

inflammation/infection: median, 208.4 hours (range, 0.3-2112.0 hours) vs. median, 

905.5 hours (range, 3.6-2683.2 hours), p=0.007 

  

A B 
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초     

목 : 양막이 열 지 않  조 진통 자에  양수 내 

프 스타 란  F2α (Prostaglandin F2α, 이하 PGF2α)  농도가 양수 내 

염증/감염 및 부 인 임신 결과  어떠한 이 있는지 

알아보고자 하 다.  

방법: 양막이 열 지 않  조 진통  울 학  병원에 35주 

이 에 입원한 단태아 임신 132  상  후향  코 트 

연구를 시행하 다. 양수는 생식  마이코플라즈마를 포함하여 균 

배양  실시하 다. 양수 내 염증  상승  양수 내 

metalloproteinase-8 (MMP-8) 농도  하 다 (>23 ng/mL). PGF2α는 

면역분 법  측 하 고, 15에  36주 사이  진통이 없는 

산모  양수 내 농도를  95백분 보다 높  경우 상승 어 

있는 것  생각하 다 (≥170 pg/mL).  

결과: 1) 조 진통 자들에  상승  양수 내 PGF2α 농도  도는 

40% (53/132) 다. 2) 양수 내 PGF2α 농도가 상승 어 있는 

자들  경우 양수 배양검사가 양 인 [19% (10/53) vs. 5% 

(4/79); p=0.019], 양수 내 염증/감염이 있는 [49% (26/53) 

vs. 20% (16/79); p=0.001], 자연조산  도, 임상  그리고 

병리학  모양막염과 태반 염  도가 하게 높았다. 

한 양수 내 PGF2α 농도가 상승 어 있는 자들  양수 내 MMP-

8 농도  값과 양수 내 백 구  숫자 값이 하게 

높았고, 양수검사 부  분만 지  시간도 하게 짧았다 (모  

p<0.05). 3) 양수 내 PGF2α 농도가 상승 어 있는 경우 양수 내 
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염증/감염   보  한 뒤에도  짧  양수검사 부  

분만 지  시간과 이 있었다 [hazard ratio 2.1, 95% confidence 

interval (CI) 1.4-3.1; p=0.001].  

결 : 양막 열이 지 않  조 진통 자들  40%에  양수 내 

PGF2α  농도가 증가 어 있었고, 이는 양수 내 염증/감염, 임박한 

조산, 모양막염과 태반 염  독립 인 험인자이다.  

---------------------------------------------------------------------------------------------- 

주요어: 조 진통, 프 스타 란 , 양수 내 염증, 양수 내 감염, 

조산, 모양막염, 태반 염 

학  번: 2014-21119 


	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References
	Abstract in Korean


<startpage>11
Introduction 1
Methods 3
Results 6
Discussion 8
Conclusion 11
References 12
Abstract in Korean 36
</body>

