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Abstract

Objective: To stratify the risk of spontaneous preterm delivery using cervical length 
(CL) and fibronectin (fFN) in women with threatened preterm labor (PTL) that 
remained pregnant after 7 days.

Design: Prospective observational study.

Setting: Nationwide cohort of women with threatened PTL from the Netherlands.

Population: Women with threatened PTL between 24 and 34 weeks with a valid CL 
and fFN measurement and remained pregnant 7 days after admission.

Methods: Kaplan Meier and Cox proportional hazards models were used to estimate 
cumulative percentages and hazard ratios (HR) for spontaneous delivery.

Main outcome measures: Spontaneous delivery between seven and 14 days after 
initial presentation and spontaneous preterm delivery (PTD) before 34 weeks. 

Results: The risk of delivery between 7 and 14 days was significantly increased for 
women with a CL <15 mm or a CL ≥15 - <30 mm and a positive fFN, compared to 
women with a CL ≥30 mm (HR 22.3 (95% CI 2.6 - 191) and 14 (95% CI 1.8 - 118), 
respectively. For spontaneous PTD at <34 weeks the risk was increased for women 
with a CL <15 mm (HR 6.3 (95% CI 2.6-15)) or with a CL ≥15 - <30 mm with either 
positive fFN (HR 3.6 (95% CI 1.5-8.7)) or negative fFN (HR 3.0 (95% CI 1.2-7.1)) 
compared to women with a CL ≥ 30mm.

Conclusions: In women remaining pregnant seven days after threatened PTL, CL 
and fFN results can be used for risk stratification for spontaneous delivery.
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Introduction

Nine percent of pregnancies are complicated by an episode of threatened preterm 
labor (PTL) requiring hospital referral.(1) Actual labor will occur within the first seven 
days of presentation in 5-10% of these women.(1,2) The overall majority of women 
with threatened PTL, however, remain pregnant after the first seven days and 50% 
will eventually deliver at term.(3–5) The risk of preterm delivery (PTD) in women who 
remain pregnant after the first episode of threatened PTL is increased compared to 
women without this.(1) In Dutch clinical practice, women with threatened PTL will 
be admitted to the hospital for observation and receive antenatal corticosteroids in 
case of gestational age (GA) less than 34 weeks.(6)

Two tests are frequently used to assess the risk of PTD in women with symptoms of 
threatened PTL: cervical length (CL), determined using transvaginal ultrasonography, 
and fetal fibronectin (fFN), a glycoprotein determined from a vaginal swab.(3,7) In 
women with threatened PTL both tests can be applied to identify those women 
who are unlikely to deliver.(3,5,8,9) Recently we found in our APOSTEL-I study that 
combining CL and fFN could improve the selection of women who were unlikely to 
deliver within seven days compared to using either test alone.(2)

Studies investigating CL and fFN have focused on risks of delivery within 48 hours 
or seven days, or PTD before 34 or 37 weeks of gestation. However, none of these 
studies reported on the risk of delivery within 14 days, or spontaneous PTD <34 weeks 
in women who remained pregnant after seven days.(2,10) It is clinically important to 
differentiate between women at high and low risk for delivery within 14 days in 
women with threatened PTL who have not delivered within the first seven days, 
because women identified to be at high risk of spontaneous PTD can be admitted 
to receive antenatal corticosteroids since the optimal window for administration 
of antenatal corticosteroids is between 48 hours and 14 days and can be closely 
monitored, whilst low risk women can be sent home safely.(11,12) 

Additionally, it is important to know the risk of delivery at <34 weeks, because 
women identified as low-risk can be reassured and referred back to primary or 
secondary care.
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The aim of this study was to assess the combined value of CL and fFN in the 
prediction of the remaining risk for spontaneous PTD in a large cohort of women 
with threatened PTL who did not deliver within the first seven days after initial 
presentation. 

Material and methods

We used data of the APOSTEL-I study.(2) This nationwide prospective cohort study 
enrolled a total of 714 women with threatened PTL and intact membranes between 
24 and 34 weeks GA in all 10 perinatal centers in the Netherlands. Women had 
a CL measurement and a qualitative fFN test (cut-off 50 µg/L, Rapid fFN TLiIQ® 
System (Hologic, Inc, Bedford, United States, www.hologic.com.)) on admission for 
threatened PTL. Trained physicians measured CL by transvaginal ultrasonography. 
Details on the design and the results of the study have previously been reported. 
(2,13) Only qualitative fFN testing was available in the Netherlands during this study. 
The medical ethics committee of the Academic Medical Center, Amsterdam, the 
Netherlands, approved the initial study protocol and written informed consent was 
obtained from all participating patients (MEC: 08/363; Netherlands Trial Registry: 
1857). 

Women with an iatrogenic delivery (induction of labor or primary cesarean) within 
seven days, women whose CL and fFN test results were not known, those with an 
invalid fFN result, and those with an unknown date of delivery were excluded within 
the primary study. The present analyses focused on women eligible for the primary 
study who had not delivered within the first seven days after admission, thus those 
women who were still pregnant after seven days (Appendix 1, page 100).

The outcomes of interest were 1) spontaneous delivery within 14 days after the 
initial admission for threatened PTL and 2) spontaneous PTD before 34 weeks GA, 
thus spontaneous delivery between seven and 14 days after initial admission and 
spontaneous delivery between seven days after initial admission and 34 weeks. 
Spontaneous delivery was defined as spontaneous onset of labor by contractions 
leading to delivery or preterm prelabor rupture of membranes.
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Statistical analysis

Women were stratified in four categories based on CL and fFN status: women with a 
CL <15 mm, women with a CL between 15 and 30 mm (≥15 - <30 mm) and a positive 
fFN test, women with a CL between 15 and 30 mm (≥15 - <30 mm) and a negative 
fFN test, and women with a CL ≥ 30 mm (reference category). The stratification was 
based on the results of the initial APOSTEL-I study.(2)

Kaplan-Meier tables were used to assess time to delivery and calculate the cumulative 
percentage of women who delivered within 14 days after initial presentation and 
before 34 weeks GA. The log-rank test (two-sided) was used to test differences 
between the stratified groups. Additionally, Cox proportional hazards models were 
used to determine the association between the combination of CL and fFN and the 
time to delivery. Hence, the measure of association was the hazard ratio (HR) with 
accompanying 95% confidence intervals (CI). In both analyses all women with an 
iatrogenic onset of labor (induction of labor or primary cesarean) and delivery after 
14 days or 34 weeks GA, respectively, were censored at the time of delivery. Data 
analyses were performed in SPSS version 22.0 (IBM corporation, Armonk, New York, 
USA). 

Results

The total APOSTEL-I study population comprised 714 women. Six women were 
excluded because they had an induction of labor or elective cesarean within seven 
days of admission for fetal or maternal reasons, 21 because CL and fFN were not 
registered, 22 because fFN was invalid, and three because the exact delivery date 
was unknown. This left 582 (88%) women who were still pregnant seven days after 
initial presentation and eligible for analysis (“Appendix” on page 100). 

The median gestational age at initial study entrance was 29.4 weeks (interquartile 
range (IQR) 27.0 – 31.0). There were 103 (16%) women with a multiple pregnancy, 
and 101 women (17%) with a history of PTD before 34 weeks GA. The median CL 
was 26.0 mm (IQR 20.0 – 36.0 mm) and the fFN result was negative in 364 (55%) 
women. Further details on the study population are presented in Table 1.
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Of 582 women, 14 (3.7%) delivered spontaneously within 14 days. Table 2 shows 
that the cumulative proportion of women who delivered spontaneously within 14 
days after testing was significantly higher in women with a CL < 15 mm (8.6%, n=5) 
or with a CL between 15 and 30 mm and a positive fFN test result (5.6%, n=7) when 
compared to women with a CL ≥ 30 mm (0.4%, n=1, log-rank test p <0.001 and p= 
0.001, respectively). There was no difference between women with a CL between 
15 and 30 mm with a negative fFN result (0.7%, n=1) and women with a CL ≥ 30 
mm (log-rank test p= 0.69). Figure 1 shows the survival curves of the proportion of 
women remaining pregnant within 14 days after testing.

Table 1. Baseline characteristics of women with threatened preterm labor who 
did not deliver within seven days

In analysis  (n = 582)

Maternal age, (IQR), years 29.3 (25.3 to 33.2)

Body-mass index† (IQR), kg/m2 22.5 (20.3 to 25.2)

Caucasian 343 (59%)

Maternal smoking  (n = 543) 81 (14%)

Education

Lower education 194 (33%)

Higher education 159 (27%)

Unknown 229 (39%)

Multiparous 300 (52%)

Previous spontaneous preterm delivery, < 34 
weeks GA

101 (17%)

 Multiple gestation 100 (15%)

Gestational age at assessment, weeks 29.4 (27.0 to 31.1)

Cervical length (IQR), mm 26.0 (20.0-36.0)

Fibronectin result

Positive 228 (39%)

Negative 354 (61%)

Risk group

CL <15mm 59 (10%)

CL 15-30mm & fFN + 125 (22%)

CL 15-30mm & fFN - 145 (25%)
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Table 1. Baseline characteristics of women with threatened preterm labor who 
did not deliver within seven days continued
Risk group

CL ≥30mm 253 (44%)

Corticosteroids 194 (33%)

Postive urine culture 46 (8%)

Gestational age at delivery 38.0 (36.4 to 39.4)

Delivery within 14 days 14 (4%)

PTD < 34 weeks 46 (8%)

SD: standard deviation, IQR: inter quartile range, CTG: cardiotocography, PTB: preterm 
birth, CL: cervical length, fFN: fetal fibronectin 

According to the Cox proportional hazard models women with a CL < 15 mm or 
with a CL between 15 and 30 mm and a positive fFN test were at higher risk of 
spontaneous delivery within 14 days compared to women with a CL ≥ 30 mm (HR 
22, 95% CI 2.6 - 191) and 14.6 (95% CI 1.8 - 119), respectively. This risk was not 
increased for women with a CL between 15 and 30 mm and a negative fFN test (HR 
1.8,95% CI 0.11 – 28, Table 3)

Forty-six (12%) women delivered spontaneously before 34 weeks. When stratified 
for risk groups, the cumulative spontaneous PTD rate < 34 weeks was 28% (n=12) in 
women with a CL < 15 mm, 25% (n=13) in women with a CL between 15 and 30 mm 
and a positive fFN, and 19% (n=13) in women with a negative fFN. For women with 
a CL ≥30 mm the rate of spontaneous PTD <34 weeks was 7.2% (n = 8), which was 
significantly lower compared to the other risk groups (log-rank tests of p = < 0.001, 
0.002 and 0.009 respectively, Figure 2). 

According to the Cox proportional hazard model, risks for spontaneous PTD <34 
weeks GA were increased for all groups compared to women with a CL ≥30 mm, 
with HRs of 3.0 (95% CI 1.2 - 7.1), 3.6 (95% CI 1.5 - 8.7) and 6.3 (95% CI 2.6 - 15) 
for women with a CL between 15 and 30 mm and a negative fFN, women with 
a CL between 15 and 30 mm and a positive fFN and women with a CL < 15 mm, 
respectively (Table 3).
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Table 2. Preterm delivery in women who presented with signs of preterm labor 
and did not deliver within seven days

Cumulative percentage

Risk group

Spontaneous PTD 
within 14 days after 

presentation*
(n=14)

 Spontaneous PTD < 34 
weeks** 

(n=46)

CL <15 mm (n=59) 8.6% (n=5) 28% (n=12)

CL 15 – 30 mm, fFN + (n=125) 5.6% (n=7) 25% (n=13)

CL 15 – 30 mm, fFN - (n=145) 0.7% (n=1) 19% (n=13)

CL ≥ 30 mm (n=253) 0.4% (n=1) 7.2% (n=8)

* Censored for unspontaneous onset of labor ** Censored for unspontaneous onset of labor and 
delivery after 34 weeks gestation

Table 3. Time to delivery within 14 days, and spontaneous delivery before 34 
weeks in women who presented with signs of preterm labor and did not deliver 
within seven days

Risk group
Spontaneous PTD  within 

14 days
 Spontaneous PTD < 34 

weeks

HR (95% CI) HR (95% CI)

CL <15 mm (n=59) 22 (2.6 to 191&) 6.3 (2.6 to 15%)

CL 15 – 30 mm, fFN + 
(n=125)

15 (1.8 to 119#)  3.6 (1.5 to 8.7&)

CL 15 – 30 mm, fFN - 
(n=145)

1.8 (0.11 to 28) 3.0 (1.2 to 7.1#)

CL ≥ 30 mm (n=253) reference reference
* Censored for unspontaneous onset of labor and delivery after 34 weeks gestation, #p=<0.05, 
&p=<0.01, %p=<0.001
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Figure 1. Kaplan Meier curve cumulative spontaneous delivery within 14 days. Censored 
for women with iatrogenic onset of labor (0 = day 7)

Figure 2. Kaplan Meier curve cumulative spontaneous preterm delivery < 34 weeks GA. 
Censored for women with iatrogenic onset of labor or delivery after 34 weeks
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Discussion

This study investigated risk stratification for spontaneous PTD based on CL 
measurement and fFN testing in women who were admitted for threatened PTL 
between 24 and 34 weeks and had not delivered within the first seven days after 
initial admission. Stratification based on CL measurement and fFN could help 
to identify women at a lower risk for spontaneous delivery within 14 days after 
admission. The risk for spontaneous delivery between seven and 14 days remains 
low (<1%) in women with a CL ≥30 mm and in women with a CL between 15 and 30 
mm and a negative fFN result. The risk of spontaneous PTD <34 weeks was found to 
be the lowest in women with a CL ≥ 30 mm. 

This cohort study with 665 women is amongst the largest prospective cohort 
studies investigating CL and fFN in women with threatened PTL before 34 weeks 
up until now.(2) Being part of a nationwide consortium for women’s health research 
(www.studies-obsgyn.nl) this study was of high quality because we had nationwide 
coverage and extensive collection of information. This resulted in a heterogeneous 
study sample available for analysis because women in this study were referred 
from primary care, secondary care or were self-referrals in case they were already 
monitored in a tertiary care center, which is another strength of this study. 

Two general limitations of this study are that it is a secondary analysis of a primary 
study and although 582 women were included in the analyses the actual number 
of events was low, which is also illustrated by the large confidence intervals. So we 
must be cautious in drawing definite conclusions based on these findings. 

Another limitation to address is the potential influence of tocolysis on our study 
results, considering that we wanted to predict the risks of preterm delivery in 
untreated women. In general, tocolysis is only given for the first 48 hours after 
admission and these drugs have a short half-life.(14–16) Thus, we think that it is unlikely 
that tocolysis could have influenced the results of this study. Also, it has never been 
proven that tocolysis given during the first 48 hours of admission for threatened 
PTL delays delivery after seven days.(17) Finally we used a risk classification that 
was optimized for prediction of delivery within the first seven days based on the 
APOSTEL I study, and by that it could be that different thresholds for CL are more 
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optimal for the prediction of delivery within 14 days or for PTD <34 weeks GA. It was 
decided to use the same thresholds for CL as used previously for the prediction of 
delivery within seven days after threatened PTL to enhance clinical applicability of 
the combined use of CL and fFN.(2)

This is to our knowledge the first prospective cohort study focusing on delivery 
within 14 days after admission for threatened PTL and PTD <34 weeks in women 
who remained pregnant after seven days, using both CL and fFN. Two prospective 
cohort studies have reported the risk of PTL within 14 days after assessment of CL 
and fFN as a secondary outcome measure.(4,18) The largest study with 215 women 
concluded that fFN testing is of additional value in risk classification of women with 
a CL < 30 mm.(4) The baseline risks for PTD within seven days and between seven and 
14 days were comparable to those in our cohort. In the second study it was found 
that contingent fFN in women with a CL between 16 and 30 mm had the same 
predictive performance as fFN in all women.(18) However this study was limited by 
a small sample size of only 66 women and included women who delivered within 
the first seven days. A retrospective study of 201 women concluded that strict 
enforcement of a protocol with CL and contingent fFN was associated with a low 
rate of PTD in women classified as low-risk and could reduce healthcare costs.(19) In 
the study the prevalence of PTD between seven and 14 days was lower than in our 
study, which could indicate a lower beforehand risk of PTD.

This secondary analysis could indicate that risk stratification based on CL and fFN at 
the initial admission in women with threatened PTL is not only related to delivery 
within seven days of admission for threatened PTL, but also with a risk of delivery 
between seven and 14 days and PTD <34 weeks. Thus, after assessment with CL and 
fFN in women with threatened PTL it is possible to send a large group of women 
home safely because also delivery between seven and 14 days is highly unlikely. 
Consequently, this prevents unnecessary admissions, referrals, healthcare costs 
and treatments.(12,20–23) The data also show also that the absolute number of women 
delivering between seven and 14 days after admission is relatively low compared to 
the group of women delivering within the first seven days (14 versus 80 women).
(2)  So when PTD is imminent it less likely to happen between seven and 14 days 
compared to the first seven days after initial admission. 
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It is necessary to validate the proposed risk stratification based on CL measurement 
and contingent fFN. Additionally, quantitative fFN could improve risk stratification 
by application of different thresholds for this test.(24) 
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Appendix

Patient flow Apostel I

APOSTEL I cohort
originally enrolled

(n=714)

Eligible women
(n=708)

In primary analysis
(n=665)

Eligible for 
secondary analysis

(n=582)

Induction or CS < 7 days 
(n=6)

No CL (n=21)
No fFN (n=23)

Delivery < 7 days
(n=80)

No date of delivery (n=3)


