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Abstract

Objective—To evaluate the frequency and clinical significance of intra-amniotic inflammation in 

twin pregnancies with preterm labor and intact membranes.

Study Design—Amniotic fluid (AF) was retrieved from both sacs in 90 twin gestations with 

preterm labor and intact membranes (GA between 20+0 and 34+6 weeks). Preterm labor was 

defined as the presence of painful regular uterine contractions, with a frequency of at least 2 every 

10 minutes, requiring hospitalization. Fluid was cultured and assayed for matrix 

metalloproteinase-8. Intra-amniotic inflammation was defined as an AF matrix 

metalloproteinase-8 concentration >23 ng/mL.

Results—The prevalence of intra-amniotic inflammation of at least 1 amniotic sac was 39% 

(35/90), while that of proven intra-amniotic infection for at least 1 amniotic sac was 10% (9/90). 

Intra-amniotic inflammation without proven microbial invasion of the amniotic cavity was found 

in 29% (26/90) of cases. Intra-amniotic inflammation was present in both amniotic sacs in 22 

cases, in the presenting amniotic sac in 12 cases, and in the non-presenting amniotic sac in 1 case. 

Women with intra-amniotic inflammation observed in at least 1 amniotic sac and a negative AF 

culture for microorganisms had a significantly higher rate of adverse pregnancy outcome than 
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those with a negative AF culture and without intra-amniotic inflammation (lower gestational age at 

birth, shorter amniocentesis-to-delivery interval, and significant neonatal morbidity). Importantly, 

there was no significant difference in pregnancy outcomes between women with intra-amniotic 

inflammation and a negative AF culture and those with a positive AF culture.

Conclusion—Intra-amniotic inflammation is present in 39% of twin pregnancies with preterm 

labor and intact membranes and is a risk factor for impending preterm delivery and adverse 

outcome, regardless of the presence or absence of bacteria detected using cultivation techniques.
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Introduction

The contribution of twin gestations to preterm birth continues to increase (1). The absolute 

number of multiple births has increased (2). In the United States of America alone, the 

frequency of multiple pregnancy increased 75%—from 19.3 to 33.7 per 1000 live births—

between 1980 and 2006 (3).

Twin pregnancies have a six-fold higher perinatal mortality than singleton pregnancies (4), 

and preterm birth is the leading cause of perinatal morbidity and death in twins (5–9). 

Indeed, more than half of twins are born prior to 37 completed weeks of gestation (7–9), and 

the rate of early preterm birth (< 32 weeks’ gestation) is 12%, which is 7-fold higher than 

that of singleton pregnancies (10). Specifically, Martin et al.(3) reported that while the rate 

of preterm birth (defined as birth <37 weeks of gestation ) in singletons was 11.1%, that of 

multiple gestations was 61.9%. The most recent report suggests that the twin birth rate was 

33.1 per 1000 live births in 2012 (11). About one-third of preterm birth (<32 and <37 weeks’ 

gestation) is caused by spontaneous preterm labor in twin gestations (4, 9).

Intra-amniotic infection is a well-established cause of spontaneous preterm delivery, and 

occurs in approximately 25% of women with a singleton gestation who deliver a preterm 

neonate (12). Its presence is a risk factor for impending preterm delivery (despite tocolytic 

administration) and adverse neonatal outcome (4, 12–19). Intra-amniotic inflammation is 

more common than intra-amniotic infection and carries similar risk for adverse pregnancy 

and neonatal outcomes (19–21). Only a fraction of patients with proven intra-amniotic 

inflammation have evidence of bacteria or viruses in the amniotic cavity and this 

underscores the importance of intra-amniotic inflammation by itself (19, 21–24).

There is no information about the prevalence and clinical significance of intra-amniotic 

inflammation in twin gestations presenting with preterm labor or the contribution of proven 

infection to intra-amniotic inflammatory processes in twins. This study was conducted to 

answer these questions.
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Material and Methods

Study Population

The study population consisted of women with a twin gestation who were consecutively 

admitted to the Seoul National University Hospital with a diagnosis of preterm labor and 

intact membranes (<35 weeks’ gestation) and who underwent amniocentesis of both 

amniotic sacs for assessment of the microbiologic status of the amniotic cavity and/or fetal 

lung maturity between January 1993 and December 2012 (n=90). Patients with neonates 

who had major congenital anomalies (n=4) or unavailable data (n=2) were excluded from the 

analysis of neonatal outcome (n=84) (Figure 1). Preterm labor was defined as the presence 

of painful regular uterine contractions, with a frequency of at least 2 every 10 minutes, 

requiring hospitalization and by evaluation with amniocentesis of the microbial state of the 

amniotic cavity. The inclusion criteria were: (1) twin gestation with live fetuses; (2) preterm 

labor with intact membranes; (3) gestational age at amniocentesis between 20+0/7 and 34+6/7 

weeks of gestation. Rupture of membranes was excluded by performing a sterile speculum 

examination and by testing for pooling and nitrazine (25–28). The standard clinical practice 

at our institution is to offer amniocentesis to all patients admitted with a diagnosis of 

preterm labor (including twins). Amniotic fluid (AF) was retrieved after written informed 

consent was obtained from each participant. The results of AF analysis (i.e. amniotic fluid 

white blood cell count and culture) were provided to the attending physicians. The 

administration of antibiotics and tocolytic agents was left to the discretion of the physician. 

The Institutional Review Board of Seoul National University Hospital approved the 

collection and use of these samples and information for research purposes. The Seoul 

National University Hospital has received a Federal Wide Assurance with the Office for 

Human Research Protection of the Department of Health and Human Services of the United 

States.

Amniotic fluid studies

AF was retrieved by transabdominal amniocentesis from both sacs under ultrasound 

guidance. Indigo carmine was injected after fluid was retrieved from the first sac to ensure 

sampling of both amniotic cavities when it was difficult to distinguish sonographically from 

one to the other amniotic sac. The AF was transported immediately to the Department of 

Laboratory Medicine of our hospital using specific transport media and cultured for aerobic 

and anaerobic bacteria and genital mycoplasmas (Ureaplasma species and Mycoplasma 

hominis), as previously described (29).

Microbial invasion of the amniotic cavity (MIAC) was defined as a positive AF culture for 

microorganisms. Fluid not used for clinical purposes was centrifuged and stored in 

polypropylene tubes at −70°C. After delivery, the stored AF was analyzed for matrix 

metalloproteinase (MMP)-8, which was measured using a commercially available enzyme-

linked immunosorbent assay (R&D Systems, Inc., Minneapolis, MN, USA). Each 

measurement was performed in duplicate. Intra- and inter-assay coefficients of variation 

were <10% each. MMP-8 was used because previous studies indicated that it is a sensitive 

and powerful predictor of intra-amniotic infection and/or inflammation (20, 21, 28, 30–32). 
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Intra-amniotic inflammation was defined as an elevated concentration of MMP-8 (>23 ng/

mL), according to the results of multiple studies (20, 21, 31, 33).

Women were divided into 3 groups according to the presence or absence of MIAC and/or 

intra-amniotic inflammation: 1) Group 1: patients who did not have bacteria or intra-

amniotic inflammation in either sac; 2) Group 2: patients with intra-amniotic inflammation 

in at least one amniotic sac, but no evidence of bacteria; and 3) Group 3: patients with intra-

amniotic inflammation and bacteria in at least one amniotic sac. The primary outcome 

measures were amniocentesis to delivery interval within 2 and 7 days, and spontaneous 

preterm delivery at < 34 and < 36 weeks’ gestation. The secondary outcome measures were 

neonatal morbidity and death.

Diagnosis of acute histologic chorioamnionitis, funisitis, clinical chorioamnionitis and 

neonatal morbidity

Acute histologic chorioamnionitis was defined by the presence of acute inflammatory 

changes in the choriodecidua and amnion, respectively; acute funisitis was diagnosed by the 

presence of neutrophil infiltration into umbilical vessel walls or Wharton’s jelly using 

criteria previously published (29, 34–36). Clinical chorioamnionitis was diagnosed when 

maternal temperature was elevated to 37.8°C and when ≥ 2 of the following criteria were 

present: uterine tenderness, foul-smelling vaginal discharge, maternal leukocytosis (>15,000 

cells/mm3), maternal tachycardia (>100 beats/min), and fetal tachycardia (> 160 beats/min) 

as proposed by Gibbs et al (37–43). Significant neonatal morbidity was defined as the 

presence of any of the following conditions: respiratory distress syndrome, 

bronchopulmonary dysplasia, intraventricular hemorrhage (grade ≥ II), proven congenital 

neonatal sepsis, and necrotizing enterocolitis. These conditions were diagnosed according to 

definitions previously described in detail (44).

Statistical analysis

Proportions were compared with the use of Fisher’s exact tests. Kruskal-Wallis analysis of 

variance test was used for comparison of continuous variables among groups. Post hoc 

comparisons between groups were performed by using the Mann-Whitney U test. The 

McNemar test and the Wilcoxon signed rank test were used for correlated samples. The 

amniocentesis-to-delivery interval was compared by using the generalized Wilcoxon test for 

survival analysis. Cox proportional hazard modeling was used to adjust for covariates. The 

amniocentesis-to-delivery interval of women delivered for maternal or fetal indications was 

treated as a censored observation, with the censoring time equal to the amniocentesis-to-

delivery interval. Generalized estimating equations were used to explore the association 

between the presence of intra-amniotic inflammation and neonatal outcomes, adjusting for 

confounding variables while accounting for the fact that twin neonates are not independent 

of each other. A probability value < 0.05 was considered as statistically significant. Multiple 

comparisons among 3 groups were adjusted using Bonferroni corrections to control for the 

type I error rate (results significant only when a probability value < .05/3 = .017). SPSS 22.0 

for Windows (IBM, Armonk, NY, USA) was used for statistical analyses.
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Results

Characteristics of study population

Amniocentesis was performed on 125 women with a twin pregnancy and preterm labor and 

intact membranes (Figure 1). Among them, AF was retrieved from only one sac due to 

technical difficulties or oligohydramnios in 27 women (2 women with a positive AF culture 

and 25 women with a negative culture). A total of 98 women met the inclusion criteria. AF 

was not available to determine MMP-8 concentrations in eight cases (one patient who had a 

positive AF culture and seven who had a negative culture for bacteria); therefore, these 

patients were excluded from further analysis because they could not be evaluated for the 

presence or absence of intra-amniotic inflammation.

Fifty-five women without microorganisms or intra-amniotic inflammation comprised Group 

1, 26 women without microorganisms but with intra-amniotic inflammation of at least one 

amniotic sac comprised Group 2, and 9 women with intra-amniotic inflammation and 

microorganisms of at least one amniotic sac comprised Group 3.

Table 1 displays the clinical characteristics of the study population. Patients without 

microorganisms in either amniotic cavity but with intra-amniotic inflammation of at least 

one amniotic sac (Group 2) had a significantly lower gestational age at amniocentesis < 28 

weeks and more advanced cervical dilatation than women without microorganisms or intra-

amniotic inflammation (Group 1). There were no significant differences between women 

with intra-amniotic inflammation without detectable bacteria (Group 2) and those with intra-

amniotic inflammation and microorganisms of at least one amniotic sac (Group 3).

Intra-amniotic inflammation

The frequency of intra-amniotic inflammation (defined as an MMP-8 concentration >23 

ng/mL) of at least one amniotic sac was 39% (35/90). Intra-amniotic inflammation was 

present in all 9 patients (100%) with microorganisms in the amniotic fluid, and in 32% 

(26/81) of those without MIAC. The presenting amniotic sac had a higher rate of intra-

amniotic inflammation than the non-presenting amniotic sac [presenting amniotic sac: 38% 

(34/90) vs. non-presenting amniotic sac: 26% (23/90); P = 0.002 using a McNemar test]. 

Intra-amniotic inflammation was present in both amniotic sacs in 22 cases, in the presenting 

amniotic sac alone in 12 cases, and in the non-presenting amniotic sac alone in one case.

The median AF MMP-8 concentration of the presenting amniotic sac was higher than the 

non-presenting amniotic sac [median, 3.0 ng/mL (IQR, 0.6–86.6 ng/mL) vs. median, 1.6 

ng/mL (IQR, 0.4–23.6 ng/mL); P < 0.001; Wilcoxon signed rank test]. Among all patients 

with intra-amniotic inflammation involving at least one amniotic sac, regardless of the 

presence or absence of MIAC (n=35), the presenting sac had a higher median AF MMP-8 

concentration than the non-presenting sac [median, 172.2 ng/mL (interquartile range, 65.1- 

353.0 ng/mL) vs. median, 57.0 ng/mL (interquartile range, 13.9–237.4 ng/mL); P = 0.008; 

Wilcoxon signed rank test].
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Microbial invasion of the amniotic cavity

The prevalence of positive amniotic fluid cultures for microorganisms for at least one 

amniotic sac was 10% (9/90). Microorganisms were isolated from both sacs in 6 of these 9 

patients, and from the presenting amniotic sac alone in 3 cases. Ureaplasma species were the 

most common microorganisms isolated from the AF (from both sacs of 6 patients). Other 

microorganisms recovered from the AF included Mycoplasma hominis (co-isolated with 

Ureasplasma species in both amniotic sacs from 2 women), Group B Streptococcus (from 

the presenting amniotic sac in 1 patient), Streptococcus viridans (from the presenting 

amniotic sac in 1 patient), and Staphylococcus capitis (from the presenting amniotic sac in 1 

patient).

Pregnancy outcomes of twins according to the presence or absence of intra-amniotic 

inflammation and/or infection

Figure 2 shows the amniocentesis-to-delivery interval in the three study groups. For 11 

patients who were delivered due to maternal or fetal indications, this interval was censored. 

Patients with intra-amniotic inflammation without detectable bacteria (Group 2) had a 

significantly shorter median amniocentesis-to-delivery interval than patients without intra-

amniotic inflammation and bacteria in AF (Group 1; P < 0.001); however, there was no 

difference in the median amniocentesis-to-delivery interval between women with intra-

amniotic inflammation without detectable bacteria (Group 2) and those with intra-amniotic 

inflammation and microorganisms detected in at least one amniotic sac (Group 3).

Table 2 shows the results of multivariate survival analysis. Patients with intra-amniotic 

inflammation in at least one amniotic sac, but without bacteria (Group 2) had a significantly 

shorter median amniocentesis-to-delivery interval than those without intra-amniotic 

inflammation or bacteria (Group 1) after adjusting for the gestational age at amniocentesis 

and cervical dilatation (hazard ratio, 4.14; 95% CI, 2.36–7.26; P < 0.001 by Cox 

proportional hazards model analysis).

Table 3 compares the pregnancy outcomes of the study population after adjusting for 

gestational age at amniocentesis and cervical dilatation. Patients with intra-amniotic 

inflammation in at least one amniotic sac, but without bacteria (Group 2) had a significantly 

higher rate of spontaneous delivery within 1, 2 and 7 days of amniocentesis than patients 

without intra-amniotic inflammation or bacteria (Group 1) (adjusted odds ratio [aOR], 6.81; 

95% confidence interval [CI], 2.05–22.6; P=0.002 for spontaneous delivery within 1 day: 

aOR, 11.2; 95% CI, 3.40–36.6; P < 0.001 for spontaneous delivery within 2 days: aOR, 

19.8; 95% CI, 4.29–91.3; P < 0.001 for spontaneous delivery within 7 days: aOR, 5.23; 95% 

CI, 1.29–21.2, respectively).

Neonatal outcome of twins

Table 4 compares the neonatal outcomes among the three study groups. Neonates born to 

mothers who had intra-amniotic inflammation of at least one amniotic sac without MIAC 

(Group 2) had a significantly higher rate of adverse neonatal outcome (neonatal death and/or 

any significant morbidity) than those born to mothers without intra-amniotic inflammation 
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or MIAC (Group 1), even after adjusting for gestational age at amniocentesis and cervical 

dilatation (P = 0.007).

Discussion

Principal findings of the study

(1) Intra-amniotic inflammation was present in 39% of twin pregnancies with preterm labor 

and intact membranes; (2) the diagnosis of intra-amniotic inflammation regardless of the 

presence or absence of microorganisms, is a risk factor for impending preterm delivery and 

adverse neonatal outcome; (3) intra-amniotic inflammation was more common in the 

presenting amniotic sac than in the non-presenting sac; (4) 63% (22/35) of twin gestations 

had intra-amniotic inflammation in both amniotic sacs; and (5) 67% (6/9) of twin gestations 

had bacteria isolated from both amniotic sacs.

Intra-amniotic inflammation in twin gestations with preterm labor

A role for intra-amniotic inflammation in the pathogenesis of preterm labor and subsequent 

preterm birth in singleton gestations is well-established (15, 19, 21, 28, 34, 41, 43, 45–70). 

However, the clinical significance of this condition in twin gestations has not been 

determined. Previous studies focus only on the presence of microorganisms in the amniotic 

cavity or MIAC (25, 71). We report herein for the first time that the prevalence of intra-

amniotic inflammation for at least one amniotic sac is 39% (35/90), and bacteria could be 

identified in the amniotic fluid of 26% of those cases (9/35). Therefore, intra-amniotic 

inflammation is common in twin gestations complicated by spontaneous preterm labor. 

These findings are consistent with observations on singleton gestations for which the 

prevalence of intra-amniotic inflammation was 31% (63/206), of which 30% (19/63) were 

associated with the presence of bacteria in the amniotic cavity (19). Collectively, these data 

suggest that intra-amniotic inflammation is frequent in patients with preterm labor in both 

singleton and twin gestations, and that only a small percentage of those are associated with 

the presence of bacteria.

Although inflammation has traditionally been attributed to infection, a growing body of 

evidence suggests that there are non-microbial causes of inflammation, including danger 

signals released under conditions of cellular stress or necrosis (15, 24, 72). The precise 

nature of these danger signals has not been established, but alarmins have been implicated 

through the activation of the inflammasome family of pathways (73–76).

Concordance/discordance of intra-amniotic inflammation in twin gestation

Concordance of the presence of intra-amniotic inflammation in both amniotic sacs occurred 

in 63% (22/35) of cases. Of the remaining 13 cases, the inflammatory process was 

detectable in the presenting sac except for one case. The predominant involvement of the 

presenting sac suggests that the causative factor for intra-amniotic inflammation resides in 

the lower genital tract (i.e. bacteria ascending from the vagina or cervix), or that the danger 

signal responsible for inflammation affects the lower uterine pole. The observation that one 

patient had intra-amniotic inflammation in the non-presenting amniotic sac was unexpected. 
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Possible explanations include difficulty in identifying the presenting sac in some cases of 

twin gestations or the mislabeling of a specimen.

Importance of intra-amniotic inflammation for twin gestations with preterm labor

The importance of intra-amniotic inflammation is underscored because it is a risk factor for 

impending preterm birth and adverse neonatal outcome in both singleton and twin gestations 

with preterm labor and intact membranes. Indeed, patients with intra-amniotic inflammation 

were more likely to deliver <24 hours, <48 hours, or <7 days than those without 

inflammation. Interestingly, there was no difference in the interval-to-delivery between 

patients with intra-amniotic inflammation with and without bacteria in the amniotic cavity. 

Moreover, the presence of intra-amniotic inflammation was a risk factor for adverse neonatal 

outcome, regardless of whether or not bacteria were detected in the amniotic fluid (see Table 

4).

The subclinical nature of intra-amniotic inflammation is underscored by the fact that only 

2.85% percent (one of 35 patients) with this condition met the clinical criteria for 

chorioamnionitis. Therefore, amniotic fluid analysis is key in assessing the presence of 

inflammation or infection in the amniotic cavity. A non-invasive test to detect intra-amniotic 

infection/inflammation is highly desirable, but despite many efforts such method is not yet 

available. Twin gestations represent a unique challenge because of the need to assess the 

inflammatory and microbial state of two amniotic sacs. The availability of rapid tests, such 

as those designed for the determination of MMP-8 and IL-6, allows the diagnosis of intra-

amniotic inflammation (32, 59, 61,77–83).

Intra-amniotic infection in twin gestations with preterm labor

The prevalence of MIAC of at least one amniotic sac was 10% (9/90) and in all cases, 

involved the presenting sac. The microorganisms isolated included Ureaplasma species, 

Mycoplasma hominis, Streptococcus agalactiae, and Streptococcus viridans. That genital 

Mycoplasmas were the most common microorganisms involved is in keeping with previous 

reports on patients with preterm labor and a singleton gestation (27, 84–86), preterm PROM 

(22, 87–92), sonographic short cervix (93), and acute cervical insufficiency (20, 94, 95). The 

reasons for the overrepresentation of genital Mycoplasmas in intra-amniotic infection remain 

unknown. These microorganisms are frequently present in the lower genital tract of women 

(20, 96–102). Why genital Mycoplasmas ascend into the amniotic cavity rather than other 

commensal organisms remains an unanswered and important question. Virulence factors 

may explain the invasiveness of some microorganisms and not others. Indeed, we recently 

identified a gene in Mycoplasma hominis that was associated with infection of the amniotic 

cavity and preterm birth (103). Importantly, the severity of the intra-amniotic inflammatory 

response when infections are caused by genital mycoplasmas is more severe than that 

observed with other organisms (91). This has important implications for the understanding 

of the biology of infection in the fetus and the neonate.

The finding that 10% of patients have MIAC is in keeping with a previous study of 46 

women with a twin gestation reported more than two decades ago (71). Genital 

Mycoplasmas were the most frequent isolates, and the presenting sac was involved in all 
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cases, suggesting an ascending pathway for intrauterine infection. The inflammatory state of 

the amniotic cavity was not assessed in the prior study, and this is the novel aspect of the 

study reported herein.

Strengths and limitations

This is the first study to report the frequency and intensity of intra-amniotic inflammation in 

patients with a twin gestation. The strengths of this study are the analysis of both amniotic 

cavities and the relatively large sample size. A limitation of the study is that the results of the 

white blood cell counts and AF cultures were used in patient management. However, it 

would not be possible to ethically withhold information about the presence/absence of intra-

amniotic infection because it may pose a risk for both the mother and her fetuses. We hope 

that future studies will evaluate whether knowledge of MIAC and/or intra-amniotic 

inflammation might better inform clinical decisions regarding use of antibiotics in selected 

women with preterm labor. In the current study, there was no difference in pregnancy and 

neonatal outcomes between patients with intra-amniotic inflammation with or without 

evidence of bacteria (groups 2 and 3). This might be attributed to the small sample size of 

groups 2 and 3 (n=26 for group 2 and n=9 for group 3). The current study used cultivation 

techniques, long regarded as the gold standard for the detection of bacteria. This is in 

keeping with the standard of medicine worldwide. Molecular microbiological techniques 

had been studied by our group extensively; however, they had not been developed when this 

study began in 1993. Moreover, the understanding of the conditions required to handle 

specimens in a manner that will preclude contamination when obtaining the sample at the 

bedside or handling the specimens in the laboratory has continued to evolve. Thus, we 

elected not to perform molecular microbiological studies with broad primers (e.g. 16S RNA 

genes etc.) because of concern with false-positive results and their interpretation. The net 

result is that we report a minimum estimate of the burden of the intra-amniotic infection in 

patients with a twin gestation and preterm labor. We used stringent criteria and excluded 

patients with incomplete information to focus on the question on concordance and 

discordance of intra-amniotic inflammation and intra-amniotic infection in twin gestation. 

We consider this a major strength of the study.

Current thoughts about the mechanisms responsible for preterm labor in twins and higher 

order gestations

A fundamental adaptation of mammalian pregnancy is that the uterine myocytes undergo 

hypertrophy and hyperplasia in order to accommodate the growth of the fetus, placenta, and 

amniotic fluid (104, 105). Pregnant women with a multiple gestation (1, 2), polyhydramnios 

(often associated with congenital anomalies such as esophageal atresia) (106, 107) or certain 

uterine anomalies, such as a unicornuate uterus, have an increased risk for preterm delivery 

(108, 109). Therefore, a belief has been established in reproductive biology that there are 

inherent limitations to the dimensions a pregnant uterus can tolerate before mechanical 

signals induce labor (92). Indeed, decades ago, a pharmacologic increase in intra-amniotic 

pressure with the injection of hypertonic saline (110) or glucose (111) was used to induce 

labor/mid-trimester abortion before the availability of effective uterotonic agents, such as 

prostaglandins, for this indication (112). Yet, elucidation of the precise mechano-receptors 

and effectors of the forces responsible for the control of uterine contractility on the 
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conditions of uterine stretch, (which should be properly referred to as biomechanical 

“stress”) has proven to be a challenge (113).

An increase in intra-amniotic volume induced either spontaneously in patients with 

congenital anomalies or by the administration of fluid within the amniotic cavity does not 

reliably result in an increase in intra-amniotic pressure. Myometrial relaxation in response to 

the increase volume load has been reported and attributed to agents such as nitric oxide. 

Finally, the epidemiologic relationship between the number of fetuses and the mean 

gestational age at birth reported in higher order multiple gestations is confounded by the 

increased frequency of complications of such pregnancies (e.g., preeclampsia and small for 

gestational age (SGA)), which may lead to medically indicated preterm delivery and may 

not necessarily reflect the preterm onset of labor.

The relationship between increased uterine stress (force per unit area) and parturition has 

been studied in human (114, 115) and non-human primates (113). In rodents (e.g. rat) with a 

bicornuate uterus, it is possible to generate an animal model of uterine overdistension (116). 

After unilateral tubal ligation to limit pregnancy to one horn, a plastic tube can be inserted in 

the non-gravid horn to examine the effect of increasing uterine volume. Natural experiments 

are also possible in some species, e.g., the tammar wallaby (a marsupial) in which only one 

uterine horn becomes pregnant (117). The laboratory of Steven Lye (116), as well as that of 

Parry and Bathgate (117), used these experimental paradigms to gain insights into the 

understanding of the role of mechanical signals in pregnancy and parturition. 

Overexpression of the chemokine monocyte chemotactic protein-1 (MCP-1), also known as 

CCL2 (chemokine [C-C motif] ligand 2), during the course of uterine overdistension, along 

with the oxytocin receptor and connexin 43, were discovered through these studies (117–

120). Given the major endocrinological differences between non-human primates and 

rodents, Waldorf et al. has recently developed a unique animal model of uterine 

overdistension and preterm labor in pigtail macaques (Macaca nemestrina) (113). Two key 

observations from these studies are that inflation of intra-amniotically placed balloon is 

associated with increased uterine wall stress and that the deployment of an “inflammatory 

pulse” characterized by an increase in the AF concentrations of interleukin (IL)-1beta, tumor 

necrosis factor (TNF)-alpha, IL-6, IL-8, CCL2, prostaglandin E2, and prostaglandin F2-

alpha. The investigators also demonstrated that similar changes can be induced in the 

myometrium of a twin gestation with early labor and in amniocytes subjected to mechanical 

stretch in vitro. Importantly, transcriptome analysis reveals similarities between the pattern 

of gene expression observed in women with polyhydramnios and twins compared to those 

observed in non-human primates after intra-amniotic balloon inflation (113). Collectively, 

these observations provide strong evidence for a relationship between an early inflammatory 

event after mechanical stress of the uterus and preterm labor (provided that magnitude of the 

stress was sufficient). The roled of different transcription factors, such as activator protein 

(AP)-1 and NF-κB (121), as well as other important signaling processes, including the c-Jun 

N-terminal kinase (JNK) and extracellular signal-regulated protein kinase (ERK), and p38 

pathways (122) and caspase 3 (123) in the mechanisms responsible for uterine 

overdistension and perhaps preterm labor in twin gestation require further investigation (119, 

124–126).
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The complexity of preterm labor in twin gestation is such that this condition is not one 

disorder (50, 127, 128). Indeed, microbiologic studies reported in the last two decades as 

well as the present study have provided objective evidence of clinical heterogeneity (23, 24, 

85, 90, 129–137). Intra-amniotic infection affects a subset of pregnancies with twin 

gestation presenting with preterm labor and such pregnancies cannot be considered 

equivalent to those without intra-amniotic infection. This proposition—equivalence of intra-

amniotic inflammation/infection versus the absence of these conditions—would not be 

tenable based on what is known about the clinical presentation (15, 19, 46, 138, 139), 

cytokine network (140), lipidomics (including prostaglandins and other products of 

arachidonic acid metabolism, such as LTB-4) (141), placenta pathology (34, 142–146), and 

neonatal outcome (29, 135, 147–152).

To attribute most cases of preterm labor in twin gestation to uterine overdistension appears 

to be an oversimplification, as even in control experiments in non-human primates, the effect 

of uterine wall tension is variable (113). In the present study, nearly 40% of patients with 

preterm labor have objective evidence of intra-amniotic inflammation at the time of 

presentation and its mere presence is a poor prognostic sign (even in the absence of proven 

infection). Whether the intra-amniotic inflammatory process that we observe resembles the 

one observed in singleton gestation or reflects part of the spectrum of the “inflammatory 

pulse” reported by Waldorf et al. remains to be determined (113). It is now possible to 

characterize the proteome, lipidome, metabolome, and network analysis to elucidate 

differences and similarities between those patients who deliver preterm and those who 

deliver at term (63, 140, 141, 153–158). This will provide the first glance at the in vivo 

spontaneous “inflammatory pulse” reported by Waldorf et al. in non-human primates.

Since preterm parturition is a syndrome caused by multiple etiologies, we are open to 

identify other mechanisms of disease that may operate in premature labor in the 

complexities of placentation and biology of twin gestation. For example, discrepancies in the 

frequency of villitis of unknown etiology, chronic chorioamnionitis, and chronic deciduitis

—lesions which had been interpreted to reflect maternal anti-fetal rejection—have been 

observed to be more prevalent in twin gestation (159). It would be surprising if the most 

common mechanism of disease in the late preterm gestation would not be operative in a 

subset of patients with preterm labor and twin gestation. Studies are needed to examine the 

placental pathology of twin gestation after preterm labor to gain insight into other 

pathological processes potentially responsible for preterm labor in multiple gestation.

Clinical implications

The major conclusion of this study is that the frequency of intra-amniotic inflammation in 

twin pregnancies with preterm labor and intact membranes is similar to that of singleton 

gestation with preterm labor and intact membranes. Importantly, the presence of intra-

amniotic inflammation is a risk factor for preterm delivery and adverse neonatal outcome, 

regardless of the presence or absence of bacteria detected using cultivation techniques. We 

envision that a rational assessment of the patient with an episode of suspected preterm labor 

in a twin gestation would involve systematic analysis of amniotic fluid. Recent observations 

that an episode of suspected preterm labor, even in the absence of preterm delivery, is a risk 
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factor for SGA, and possibly neurodevelopmental handicap, gives further strength to the 

evaluation of the patients with a twin gestation (160).
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Figure 1. 

Patient flow diagram
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Figure 2. 

Survival analysis of the amniocentesis-to-delivery interval, according to the results of 

amniotic fluid (AF) culture and matrix metalloproteinase (MMP)-8 concentrations (group 1: 

median, 14 days [interquartile range, 4–36 days]; group 2: median, 1 day [interquartile 

range, 0–3 days]; group 3: median 1 day [interquartile range, 1–6 days]). Intra-amniotic 

inflammation was defined as an elevated amniotic fluid MMP-8 concentration (> 23 ng/mL) 

of at least 1 amniotic cavity, and microbial invasion of amniotic cavity (MIAC) was defined 

as a positive amniotic fluid culture of at least 1 amniotic cavity.
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