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Chapter 4 

Abstract 

Objective: To determine the accuracy with which cervico-vaginal fetal fibronectin test predicts 

spontaneous preterm birth in asymptomatic and symptomatic pregnant women. 

Design: Systematic quantitative review of test accuracy studies. 

Data Sources: MEDLINE (1966-2000), EMBASE (1980-2000), PASCAL (1973-2001), BIOSIS 

(1969-2001), the Cochrane Library (2000:4), MEDION (1974-2000), National Research Register 

(2000:4), SCISEARCH (1974-2001), Conference Papers (1973-2000), manual searching of 

bibliographies of known primary and review articles, and contact with experts and manufacturer. 

Study Selection and Data Extraction: Two reviewers independently selected and extracted data 

on study characteristics, quality and accuracy. Accuracy data were used to form 2x2 contingency 

tables with spontaneous preterm birth before 34 and 37 weeks' gestation and birth within 7-10 

days of testing (only for symptomatic pregnant women) as reference standards. 

Data Synthesis: Data were pooled to produce summary receiver operating characteristic (ROC) 

curves and summary likelihood ratios for positive (LR+) and negative (LR-) test results. 

Results: There were 64 primary articles consisting of 28 accuracy studies in asymptomatic 

women and 40 accuracy studies in symptomatic women, including a total of 22,390 women. 

Among asymptomatic women, the best summary LR+ was 4.01 (95% confidence interval 2.93 to 

5.49) for predicting birth before 34 weeks' gestation, with corresponding summary LR- of 0.78 

(0.72 to 0.84). Among symptomatic women, the best summary LR+ was 5.42 (4.36 to 6.74) for 

predicting birth within 7-10 days of testing, with corresponding summary LR- of 0.25 (0.20 to 

0.31). 

Conclusion: Cervico-vaginal fetal fibronectin test is most accurate in predicting spontaneous 

preterm birth within 7-10 days of testing among women symptomatic of threatened preterm birth 

before advanced cervical dilatation. These results enable clinicians to make a more rational 

approach to decision-making regarding in-patient admission, administration of antenatal steroids 

and in-utero transfer in such a situation. 
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Introduction 

Spontaneous preterm birth occurs in 7-11% of pregnancies before 37 weeks' gestation';2 and in 3-

4% of pregnancies before 34 weeks' gestation.3 Majority of neonatal deaths of normally formed 

infants occurs when they are born before 34 weeks' gestation. Many of the surviving preterm 

infants, especially those from the earlier gestations, suffer serious morbidity such as broncho

pulmonary dysplasia, intraventricular haemorrhage, retrolental fibroplasia, neurodevelopmental 

problems and cognitive difficulties.4^ Advances in perinatal healthcare have not altered the 

incidence of spontaneous preterm birth but effective management to reduce the associated 

complications exists. For example, the landmark Cochrane review6 (which is part of the Cochrane 

logo) showed that the use antenatal steroids significantly reduced morbidity and mortality. Timely 

institution of such therapy in clinical practice depends on accurate prediction of spontaneous 

preterm birth. 

Many tests have been purported to be predictive of spontaneous preterm birth including cervico

vaginal fetal fibronectin testing. Fetal fibronectin is a glycoprotein found in amniotic fluid, 

placental tissue and the extracellular substance of the decidua basalis next to the placental 

intervillous space, and thought to be released into the cervico-vaginal milieu through mechanical 

or inflammatory-mediated damage to the membranes or placenta before birth.7 Swabs taken from 

either the ectocervix or posterior vaginal fornix, using an enzyme-linked immunosorbent assay 

containing FDC-6 monoclonal antibody, to detect fetal fibronectin7 may be used to predict 

spontaneous preterm birth.8 However, in clinical use, factors such as contamination of the sample 

with maternal blood9, sampling within 24 hours following intercourse10 and pre-eclampsia1' may 

reduce test accuracy and give false positives results. 

In asymptomatic pregnant women, if fetal fibronectin could be used to identify a high-risk group, 

antenatal care may be optimised (e.g. by instituting closer antenatal surveillance) with view to see 

the pregnancy past 34 weeks' gestation, which is now an established milestone in perinatal 

outcome.45 On the other hand, if fetal fibronectin could predict imminent spontaneous preterm 

birth among women symptomatic of threatened spontaneous preterm birth, but before advance 

cervical dilatation, antenatal steroids, tocolytics and in-utero transfer (to optimise neonatal care) 

may be used accordingly. Antenatal steroids have maximal effectiveness among spontaneous 

preterm birth within 2-7 days after administration,6 and tocolytics are known to effectively delay 

birth for at least 2 days. Therefore, amongst symptomatic women, the main outcome of interest 
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was in predicting spontaneous preterm birth within 7-10 days of testing because this knowledge is 

likely to influence subsequent management. 

Many primary studies claim that cervico-vaginal fetal fibronectin test is accurate in predicting 

spontaneous preterm birth in a clinical setting. However, these studies have not generally been 

conducted with large enough sample size to provide precise accuracy estimates. In addition, 

existing systematic reviews have been restricted to a few database searches,12"15 their study 

selection has often been limited by language,12;13;15 and they have often ignored study quality 

assessment.'2"14 These factors are known to introduce potential for bias.16 Against this 

background, we conducted a comprehensive and rigorous systematic review to obtain reliable 

estimates of fibronectin test accuracy. Our review focussed on two clinical groups of pregnant 

women, asymptomatic and symptomatic. We defined asymptomatic population as pregnant 

women without uterine tightenings/contractions, and symptomatic population as pregnant women 

with uterine tightenings/contractions and cervical dilatation of less than 2-3 cm. 

Methods 

Our review was carried out with a prospective protocol using widely recommended 

methodology.™8 

Identification of studies 

Our electronic searches targeted all diagnostic procedures among studies on prediction of 

spontaneous preterm birth. Studies were identified from various sources. We searched general 

bibliographic databases: MEDLINE (1966-2000), EMBASE (1980-2000), PASCAL (1973-2001) 

and BIOSIS (1969-2001). We also searched specialist computer databases: the Cochrane Library 

(2000:4), MEDION (1974-2000) (a database of diagnostic test reviews set up by Dutch and 

Belgian researchers), National Research Register (2000:4), SCISEARCH (1974-2001) and 

Conference Papers (1973-2000). The electronic search strategy used to develop the database is 

described in detail elsewhere.19 For completeness, we contacted individual experts with an 

interest in this field and the manufacturer of fetal fibronectin test to uncover grey literature. We 

also checked reference lists of known reviews and primary articles to identify cited articles not 

captured by electronic searches. 
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Study selection and data extraction procedures 

The study selection criteria were i) asymptomatic or symptomatic population of pregnant women, 

ii) cervico-vaginal fetal fibronectin testing before 37 weeks' gestation, iii) known gestation at 

spontaneous birth, and iv) observational cohort design. Studies were selected in a two-stage 

process. First, the electronic searches were scrutinised by two reviewers independently (HH and 

LMB) and full manuscripts of all citations that were likely to meet the predefined selection 

criteria were obtained. Second, final inclusion or exclusion decisions were made on examination 

of these manuscripts. In cases of duplicate publication, the most recent and complete versions 

were selected. There were no language restrictions but studies with case-control design were 

excluded. The assessment of English, French, Spanish language manuscripts was performed 

independently by two reviewers (HH and LMB), German language manuscripts by one reviewer 

(LMB) and other language manuscripts by people who had command of the language to allow 

data extraction from the manuscripts. Any disagreements about inclusion/exclusion were resolved 

by consensus or arbitration by a third reviewer (KSK). 

Information was extracted from each selected article on study characteristics, quality and 

accuracy results. Study characteristics consisted of women's risk classifications, test 

characteristics and reference standards of the test. In studies where multiple tests were performed, 

we considered any positive result in a serial testing as a positive result overall. Accuracy data 

were used to construct 2 x 2 tables of test result and spontaneous preterm birth, which served as 

the reference standard. Data were extracted from studies on asymptomatic and symptomatic 

women for information on spontaneous preterm birth before 34 and 37 weeks' gestation. In 

addition, for symptomatic women, data on spontaneous preterm birth within 7-10 days of testing 

were also extracted. The data extraction form was piloted and tested for repeatability on the first 

eight manuscripts that we obtained.20"27 Overall, the observer agreement regarding the various 

components of data extraction form was 90-100%; with kappa values ranges from 0.9 to 1.0. 

Methodological quality assessment 

All manuscripts meeting the selection criteria were assessed for their methodological quality. We 

defined quality as the confidence that the study design, conduct and analysis minimised bias in 

the estimation of test accuracy. Current empirical evidence relates bias to items: case-control 

study designs, lack of blinding of carer to test results, non-consecutive patient enrolment, non-

prospective data collection, inadequate test description, use of different reference tests, partial 

verification, lack of description of either the population or the reference test.28 The latter 4 items 
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are, however, not relevant to our review because they refer to delivery of neonates (preterm or 

term births). Therefore, we considered a study to be of good quality if it used a prospective 

design, consecutive enrolment, adequate test description (to allow replication by others), and 

blinding of the test result from clinicians managing the patients.29 

Data synthesis 

Data were synthesised separately for studies on asymptomatic and symptomatic women with 

spontaneous preterm birth before 34 and 37 weeks' gestation. For symptomatic women, data were 

also synthesized for spontaneous preterm birth within 7-10 days of testing. Heterogeneity of 

diagnostic odds ratios was assessed graphically (using forest30 and Galbraith plots31) and 

statistically (using chi-squared test) to aid in decisions on how to proceed with quantitative 

synthesis.32 For each outcome within the two populations, there was either graphical or 

statistically significant heterogeneity. Possible sources of heterogeneity were explored by meta-

regression analysis16 using various independent explanatory variables defined a priori. These 

variables were: risk classifications (high or low as defined by the authors), multiple gestation 

(included or excluded), type of recruitment (consecutive or others), digital exam before testing 

(yes or no), sexual intercourse within 24 hours preceding testing (yes or no), bleeding before 

testing (yes or no), methods of testing (laboratory or bedside), serial testing (yes or no), gestation 

at testing for asymptomatic women (before or after 24 weeks), blinding of test results (yes or no), 

study design (prospective or retrospective), and publication language (English or other). Where a 

variable presence was not explicitly stated, it was treated as "no" in the meta-regression analysis. 

As our meta-regression analysis failed to explain the observed heterogeneity we proceeded with 

meta-analysis using random effects model.33 Consequently, the pooled results should be 

interpreted with caution. To aid in interpretation we examined the accuracy estimate of the 

highest quality studies included in our review. 

Summary receiver operating characteristic (ROC) curves34 were used as measures of accuracy for 

all included studies regardless of their thresholds. Summary likelihood ratios (LR) were used as 

measures of accuracy for studies using 50 ng/ml as their thresholds. Area under summary ROC 

curve provided an average measure of accuracy from the combined studies (especially when there 

are different test thresholds) and a convenient way of comparing accuracy of the test for different 

outcomes. Summary LRs indicated by how much a given test result will raise or lower the 

probability of having spontaneous preterm birth. Using summary LRs, we determined post-test 

probabilities by Bayes' theorem as follows36: post-test probability = LR x pre-test probability/[ 1-
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pre-test probability x (1-LR)]. In this way, LRs are more clinically meaningful than sensitivities 

or specificities, for which meta-analysis are generally not recommended.37 To detect publication 

and related bias, we undertook funnel plot (diagnostic odds ratio vs. reciprocal of its standard 

error) analysis.38 All statistical analyses were performed using SPSS v. 10 and Stata 7.0 statistical 

packages. 

Results 

Literature identification and study quality 

Figure 1 summarises the process of literature identification and selection. In total, 64 primary 

articles met the selection criteria. They consisted of 28 accuracy studies in asymptomatic women 

and 40 studies in symptomatic women, including a total of 22,390 women. Table 1 summarises 

each study's salient features according to whether the population was asymptomatic or 

symptomatic, and their risk classifications. The methodological quality is summarised in Figure 2. 

Thirteen (19%) studies, 7 among asymptomatic39"45 and 6 among symptomatic women,46"51 

fulfilled all four criteria for good quality. All studies except three (which accounted for 0.28% of 

the total 22,390 women in our review),52"54 used thresholds of 50 ng/ml for an abnormal test 

result.8 
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Figure 1: Study selection process for systematic review of cervico-vaginal fetal fibronectin test. 

Total citations identified from electronic searches to capture primary articles on all tests for predicting 
preterm birth: n= 30,061 

1 r 

Citations excluded after screening titles and/or abstracts: n = 29,972 

Primary articles on cervico-vaginal fetal fibronectin test accuracy retrieved for detailed evaluation: n=l 16 

from electronic search n = 89 
from reference lists n = 26 
contact with manufacturer n =2 (from company's website www.adeza.com) 

1 T 

Articles excluded with reasons*: 

Not test accuracy study: n=l 5 

Duplicate publications or more complete data sets are available: n=9 

Lack of data to construct 2x2 table: n=5 

Lack of original data i.e. reviews, letter: n=22 

Unobtainable: n=2 

Total excluded n=53 

Primary articles included in systematic review: n = 64 (see Table 1 for further details) 

No. of studies included in these articles = 68* 

1 r 

Studies on asymptomatic women =28 
Low risk = 8 studies 
High risk = 9 studies 
Risk not categorized = 11 studies 

Studies on symptomatic women = 40 
Low risk = 5 studies 
High risk = 4 studies 
Risk not categorized = 31 studies 

<X> See Appendix 1 for complete reference list of excluded studies. * Total number of studies exceeded 64 because some primary articles provided data on 
more than one study. 
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Fibronectin test in asymptomatic women 

The accuracy of the test was studied using bedside (n=3) or laboratory (n=26) methods, either on a single 

occasion (n=13) or by serial testing (n=16) at various gestations (Table 1). In these studies, fibronectin 

was used as a screening tool in low risk pregnancy (n=8) or as a selective screening tool in high-risk 

pregnancy (n=9) (Table 1). Most studies were carried out during the second or early third trimester of the 

pregnancy. Meta-regression analysis showed that test accuracy was not dependent on method of testing, 

serial testing, risk classifications or gestation at testing. Cervico-vaginal fetal fibronectin test showed 

different accuracy estimates in predicting spontaneous preterm birth for the various gestations of interest 

as shown in Figure 3 and Figure 4. The effect of these on changes in probabilities of spontaneous preterm 

birth is shown in Figure 4. Exploration of study quality as a source of heterogeneity did not reveal 

statistically significant differences in accuracy estimates of studies with high and low quality features. The 

accuracy estimates of studies that fulfilled all four of the quality criteria were generally consistent with the 

pooled results. For example, the median likelihood ratios for predicting spontaneous preterm birth before 

34 weeks' gestation among the five highest quality studies were 3.99 (inter-quartile range 1.73 to 10.18) 

for a positive test result and 0.38 (inter-quartile range 0.10 to 0.69) for a negative test result. 

Figure 2: Methodological quality of studies included in the systematic review. Data presented as 100% stacked bars. 

Figures in the stacks represent number of studies. 

Asymptomatic Women 

Prospective design I 23 1 5 1 

Consecutive recruitment I 9 1 19 I 

Adequate test description I 28 Q 

Blinding I 22 I 6 ~1 

D Yes I N o , unclear or unreported 

Symptomatic Women 

| 31 1 9 1 

I 9 I 31 1 

I 38 ~E1 

I 26 | 14 [ 
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Fibronectin test in symptomatic women 

The accuracy of the test was studied using bedside (n=l 1) or laboratory (n=30) methods, either on a single 

occasion (n=35) or serially (n=5) (Table 1). Meta-regression analysis showed that test accuracy was not 

dependent on method of testing, serial testing, or risk classifications. As with fetal fibronectin test in 

asymptomatic women, the test showed different accuracy estimates in predicting spontaneous preterm 

birth for the various gestation of interest shown in figure 3 and figure 4. The effect of these on changes in 

probabilities of spontaneous preterm birth is shown in Figure 4. Exploration of study quality as a source of 

heterogeneity did not reveal statistically significant differences in accuracy estimates of studies with high 

and low quality features. The accuracy estimates of studies that fulfilled all four of the quality criteria 

were generally consistent with the pooled results. For example, the median likelihood ratios for predicting 

for predicting spontaneous preterm birth within 7-10 days of testing among the four highest quality studies 

were 6.16 (inter-quartile range 4.53 to 7.33) for a positive test result and 0.32 (inter-quartile range 0.01 to 

0.45) for a negative test result. Funnel plot analysis did not show any evidence of asymmetry to indicate 

presence of publication or related bias for the main outcomes. 

Figure 3: Summary Receiver Operating Characteristic (ROC) curves and areas (95% CI) for cervico

vaginal fetal fibronectin test in predicting spontaneous preterm birth in asymptomatic and symptomatic 

Population: Asymptomatic women Population: Symptomatic women 
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Birth <7-10 days 

Birth < 34 weeks 

Birth < 37 weeks 
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Figure 4: Pooled estimates of likelihood ratios (LRs) for cervico-vaginal fetal fibronectin test and their 

impact on predictive probabilities of spontaneous preterm birth in asymptomatic and symptomatic women. 

Population/ Weighted 
Birth Outcome Pre-test Probabilit 

Asymptomatic 

<34w*cfci 
<»=1I) 

<37 weeks 
(•=23) 

Symptomatic women 

7-10 davs 
(•=14) 

Median (%) 

4.2 

12.2 

3.0 

Poil-teit Pro 

Tnt Negative 

3.0(2.8-3.2) 

6.7 (5.8-7.9) 

0.8 (0.6-0.9) 

5.6(2.9-10.9) 

1.4(9.9-13.1) 

• («" 
babllfties 
.CI) 

Te»t Positive 

13.7(10.4-17.8) 

29.0 (25.6-32.7) 

14.4(11.9-17.2) 

40.4(30.2-51.6) 

46.8(424-51.3) 

0.78(0.72-0.84) 4.01 (2.93-5.49) 

0.52 10.44-0 62) 2.94 (2.47-3.50) 

0.25 10.20-0.31) 5.42 (4.36-6.74) 

0.33(0.164.66) 3.64(2.32-5.73) ' 

0.48 (0.414) 56) 3.27 (2.74-3.92) 

* 

Discussion 

Our results show that the cervico-vaginal fetal fibronectin test exhibits a range of accuracy in predicting 

various spontaneous preterm birth outcomes. The test is most accurate in predicting spontaneous preterm 

birth within 7-10 days of testing among women symptomatic of threatened preterm birth before advanced 

cervical dilatation. 

Quality of our review 

The strength of our inferences depends on the rigour of our methodology. In contrast to the previous four 

systematic reviews,12"15 we have identified 64 studies (at least twice as many studies as the largest previous 

review14) because we did not limit our search to a single database13'15 nor did we apply language 

restrictions.13 Cognisant that meta-analysis of test accuracy studies are fraught with difficulty due to poor 

methodological quality of the primary studies, we scrutinised 

the selected studies for their quality, an assessment undertaken in only one previous review.15 

Methodological issues that may overestimate accuracy such as case-control design, absence of test 

descriptions, and different reference tests,28 were not applicable to the studies we reviewed. Our quality 

assessment, however, were affected by poverty of reporting in some instances. Moreover, quality was not 

a significant factor explaining differences between their results. Assessment of heterogeneity and 

exploration for reasons behind heterogeneity were planned a priori. In the presence of unexplained 

heterogeneity, we proceeded with caution, pooling data with random effects model, which produces a 
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wider confidence interval.16 However, due to the large number of studies in our review the accuracy 

estimates were generally more precise compared to previous reviews. 

Clinical application 

The clinical impact of the accuracy estimates we produced depends on how the resultant changes in 

probabilities due to fibronectin testing alter therapeutic effectiveness in decision-making.55 We 

demonstrate this impact with an example of decision making about the use of antenatal steroids6 in 

symptomatic pregnant women with threatened preterm birth at 31 weeks' gestation as shown in Table 2. 

The absolute effect of antenatal steroids depends on the risk of spontaneous preterm birth following 

presentation. The higher the risk, the lower the number of patients needed to be treated (NNT) to prevent 

one case of RDS and vice versa. The risk, and hence the therapeutic benefits, depends not only on the 

gestational age at presentation, but also on the post-test probabilities of spontaneous preterm birth 

associated with fibronectin testing. As shown in Table 2, if steroids were to be used for all symptomatic 

women at this gestation without fibronectin testing then 109 women would need to be treated with 

antenatal steroids to prevent 1 case of RDS. For a positive test result, the NNT would be 20, a figure 

considerably lower than that without testing. On the other hand, for a negative test result, the NNT would 

be 509. 
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Table 2: Cervico-vaginal fetal fibronectin testing among symptomatic women and the Number of women Needed to 

be Treated (NNT) at 31 weeks' gestation with antenatal steroids to prevent one case of neonatal respiratory distress 

syndrome (RDS) associated with spontaneous preterm birth within 7-10 days of testing. 

Fibronectin test 
result at 31 weeks' 
gestation 

Probability of 
spontaneous preterm 
birth within 7-10 
days of testing (%) 

Risk of RDS at 32 weeks' 
gestation56;57 

Rate of RDS* at 
32 weeks' 
gestation (%) 

NNT" 

No testing 
Test positive 
Test negative 

4.5» 
20.6s 

1.0$ 

0.53 
0.53 
0.53 

2.0 
11.0 
0.4 

109 
20 
509 

# Pre-test probability of spontaneous preterm birth within 7-10 davs of testing for symptomatic pregnant women presenting at 31 weeks' 
gestation." ; 2 w '»5 n 5 M 5 

S Information on the calculation of probabilities using likelihood ratios shown in Figure 4: 
Pre-test probability of spontaneous preterm birth within 7-10 days (i.e. no testing) for women presenting at 31 weeks' gestation = 4.5% 
This value is converted to pre-test odds = 4.5/(100-4.5) = O.047 
Post-test odds for spontaneous preterm birth among women with a positive test = pre-test odds x LR+ = 0.047 x 5.45= 0.26 
This is then converted to post-test probability = 0.26/(0.26+1) = 0.206 = 20.6% 
(A similar calculation may be carried out for the negative test result using LR- found in Figure 4) 

t The rate of RDS is calculated as follows: 
Probability of spontaneous preterm birth for a positive fibronectin test result at 32 weeks (31 weeks + 7-10 days) = 20.6% 
The risk of'RDS at this gestation = 0.53" ;" 
Therefore, the probability of a neonate suffering from RDS in woman who tested positive = 20.6 x 0.53 = 11%. 
(A similar calculation may be carried out for the negative test result) 

## An example calculation of NNT to prevent 1 case of RDS among women who tested positive: 
Rate of RDS at 32 weeks' gestation =11% 
This value is converted to odds of RDS without treatment = 11/(100-11) = 0.12 
Odds of treatment benefit = 0.12 x 0.53 = 0.064 (where 0.53 = odds ratio |OR] for treatment benefit of antenatal steroids, obtained from 
Cochrane review6, which coincidentally, is the same figure as the risk for RDS at 32 weeks' gestation) 
This is then converted to the rate of RDS following antenatal steroid treatment • 0.064/(1+0.064) = 0.059 
Rate difference of RDS between treatment and without antenatal steroid treatment = 0.11-0.059 = 0.051 
!VNT = 1/0.051 =20 
This means that with a positive fibronectin test, 17 symptomatic pregnant women who presented at 31 weeks' gestation need to be treated 
with antenatal steroids to prevent 1 case of RDS 
(A similar calculation may be carried our for the negative test result) 

This approach will allow clinicians to make explicit decisions based on more realistic probabilities 

generated by fibronectin testing and provides a framework for the use of diagnostic evidence in 

therapeutic decision-making. Specifically, our results enable clinicians to make a more rational approach 

to decision-making regarding in-patient admission, administration of antenatal steroids and in-utero 

transfer in symptomatic women presenting with threatened spontaneous preterm birth. Future research 

should focus on undertaking high quality primary studies of test accuracy to improve our ability to predict 

spontaneous preterm birth. 
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