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ABSTRACT

INTRODUCTION

Objectives To integrate data on the performance of
cervical length measurement for the prediction of preterm
birth in symptomatic women.

Very preterm birth, usually defined as birth before
32 gestational weeks1 , is a leading cause of neonatal
morbidity and mortality. Although assisted ventilation
and the introduction of surfactant therapy improved
pediatric outcome in the 1990s, a baby born at 24 weeks’
gestation still has only about a 50% chance of survival,
and approximately more than one quarter of the survivors
will have severe neurodevelopmental handicap2,3 . The
rates of perinatal death and severe handicap decline to 8%
and 10% for babies born at 30 weeks and further reduce
to 0.4% and 5% for those born at 34 weeks, respectively4 .
Preterm labor is one of the most common reasons
for prenatal admission to hospital, accounting for up to
one third of such cases in some reports5,6 . However,
the diagnosis of true preterm labor remains unreliable,
resulting in significant over-treatment, since fewer than
10% of these women will eventually deliver within 1 week
or before 35 weeks, irrespective of treatment7 . Apart from
maternal risks, hospitalization for undelivered preterm
labor has a significant financial cost.
Prediction and prevention of preterm birth have come
a long way in asymptomatic women; measurement of the
length of the uterine cervix can achieve a 55% sensitivity
for a false positive rate of 10%8 and administration of
progesterone in women with a short (< 15 mm) cervix
can decrease the likelihood of preterm birth at less than
34 weeks’ gestation by 45%9 .
Cervical length measurement has also been applied in
symptomatic women, and different studies report different
rates for sensitivity and specificity. Moreover, many of
these studies included limited numbers of actual preterm
births, resulting in wide confidence intervals. In this study
we systematically reviewed the literature on cervicallength measurement for the prediction of preterm birth
in symptomatic women, and integrated data using metaanalytic techniques in order to acquire precise estimates

Methods MEDLINE, SCOPUS and manual searches for
studies with transvaginal ultrasound measurement of the
cervical length in symptomatic women were carried out.
Random effects models were used for data integration,
and pooled test estimates of sensitivity, specificity, and
positive and negative likelihood ratios (LR+ and LR−)
were calculated along with their 95% CIs.
Results Twenty-eight studies fulfilled the selection criteria. For birth within 1 week from presentation, the pooled
sensitivity, specificity, LR+ and LR− of cervical length
< 15 mm were 59.9% (95% CI, 52.7–66.8%), 90.5%
(95% CI, 89.0–91.9%), 5.71 (95% CI, 3.77–8.65) and
0.51 (95% CI, 0.33–0.80), respectively. The same estimates for studies with presentation at or before 34 +
0 weeks were 71.0% (95% CI, 60.6–79.9%), 89.8%
(95% CI, 87.4–91.9%), 5.19 (95% CI, 2.29–11.74)
and 0.38 (95% CI, 0.11–1.34), respectively. For prediction of birth before 34 weeks, the pooled sensitivity,
specificity, LR+ and LR− of cervical length < 15 mm
were 46.2% (95% CI, 34.8–57.8%), 93.7% (95% CI,
90.7–96.0%), 4.31 (95% CI, 2.73–6.82) and 0.63
(95% CI, 0.38–1.04), respectively. There was considerable heterogeneity across studies in most estimates.
Conclusions Measurement of cervical length in symptomatic women can detect a significant proportion of
those who will deliver within 1 week and help to rationalize their management. The considerable heterogeneity
across studies may be indicative of methodological flaws,
which either were not reported at all or were underreported. Copyright  2009 ISUOG. Published by John
Wiley & Sons, Ltd.
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ORIGINAL PAPER

Cervical length in symptomatic women
for the predictive performance of the test and explore
potential causes for inconsistency across the studies.

METHODS
Sources
Two investigators (S. P. and A. S.) searched the literature
(last update May 2009) for studies on the prediction
of preterm birth in women with symptoms of preterm
labor, using ultrasonographic measurement of the length
of the uterine cervix. MEDLINE and SCOPUS searches
(1960–May 2009) used combinations of the terms
‘preterm birth’ OR ‘preterm labor’ AND ‘cervi*’ or
‘ultrasound’ or ‘ultrasonography’. These searches were
complemented by perusal of the references of the retrieved
articles and additional automated searches using the
‘search for related articles’ PubMed function. All studies
were carefully compared to ensure avoidance of duplicate
or overlapping samples. In case of overlap, the study with
the largest number of preterm births was included.

Study selection
For our analysis we considered prospective or case-control
studies evaluating transvaginal ultrasonographic assessment of cervical length for the prediction of preterm
birth in women with a singleton pregnancy and intact
membranes, presenting with symptoms of preterm labor.
Both studies with or without tocolysis and/or prophylactic steroid administration were included; English and
non-English language studies were considered. Abstracts
were considered only if they provided adequate information.
Studies with multiple pregnancies or premature rupture
of membranes were excluded, unless it was certain that
such cases represented less than 20% of the total. Included
studies were perused for cases of iatrogenic (induced)
preterm birth, and every effort was made to exclude
such cases from the analysis. Recorded information was
independently entered into pre-defined forms by two
researchers. Discrepancies between the two researchers
were evaluated by a third researcher and consensus was
reached for all data.
The primary outcomes of the meta-analysis were birth
within 48 h from presentation, birth within 1 week from
presentation and birth before 34 weeks’ gestation, with
secondary outcomes being birth before 32, 35, 36 or
37 weeks’ gestation.

Statistical methods
The extracted data were used to construct 2 × 2 tables
(true positive, false negative, false positive, true negative)
for the different cervical lengths and gestational ages
at birth. The analysis was performed based on the
random effects model (der Simonian-Laird), which, in
the presence of between-study heterogeneity, is more
conservative, providing wider confidence intervals. When
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there is no observed between-study heterogeneity, the
fixed and random effects coincide10 . The predictive
performance of cervical length measurement was assessed
by means of weighted sensitivity and specificity values,
positive and negative likelihood ratios (LR+ and LR−)
and summary receiver–operating characteristics curve
(SROC) analysis.
LR values of 1 suggest no discriminating ability at
all, whereas the diagnostic performance is better the
higher the LR+ and the lower the LR−. LR− < 0.2
is thought to provide strong diagnostic evidence in
rule-out situations11 . SROC curve analysis accounts for
the interdependence between weighted sensitivity and
specificity, and uses a regression method to fit a curve
that best describes the trade-off of the two estimates
across studies.

Heterogeneity
Between-studies heterogeneity was assessed using the
I2 statistic, which describes the percentage of variation
that is due to heterogeneity rather than chance. This
was preferred over the Q-statistic, as the latter may
have low power in assessing heterogeneity when the
number of studies is small. Although the quantification
of heterogeneity is rather arbitrary, the adjectives
low, moderate, and high (inconsistency) are tentatively
assigned to I2 values of 25, 50 and 75%12 .

Methodological quality and sensitivity analysis
Adequate description of test methodology and exclusion
criteria was used for quality assessment in all studies.
More specifically, scan methodology was considered
adequate when performed as described by Heath et al.13
and Andersen et al.14 , otherwise inadequate or not stated.
Briefly, the appropriate ultrasound methodology for
transvaginal measurement of cervical length involves
emptying the urinary bladder, placement of the probe
in the anterior fornix, acquisition of a midsagittal
view of the cervix and the endocervical mucosa and
measurement of the distance between the triangular area
of echodensity at the external os and the V-shaped notch
at the internal os. In case of heterogeneity, sensitivity
analyses were performed using only studies of the highest
quality. A further sensitivity analysis was done with
studies in which all patients were recruited at or before
34 + 0 weeks. Strict definition of preterm labor (e.g. using
tocodynamometry) was not used as a quality criterion
because (1) it still remains a subjective diagnosis and,
(2) it could only influence the prevalence of true preterm
birth, which however does not affect sensitivity and
specificity.

RESULTS
The initial search identified 530 potentially relevant
studies; 138 of them were retrieved for thorough
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evaluation and 28 were finally eligible for synthesis
with meta-analytic techniques. Sixteen of them included
ultrasound examination of the cervix only7,15 – 29 and 12
included both ultrasound examination and biochemical
testing30 – 41 . Three of these studies met the eligibility
criteria but could not be used for data synthesis, either
because their outcome was not included in the design of
the meta-analysis38 , or because there were fewer than two
studies per outcome and therefore the data could not be
integrated24,32 .
The MOOSE flowchart for the meta-analysis is
presented in Figure 1 and a description of the eligible
studies is presented in Table 1, while Table 2 shows all the
studies meeting the inclusion criteria, together with their
integrated results (when appropriate) for each analyzed
cut-off for preterm birth.

Birth within 48 hours from presentation
A cut-off of 15 mm for cervical length (three studies, 1266
women, rate of preterm birth within 48 h 7.1%) predicted
71.1% (95% CI, 59.5–80.9%) of preterm births at < 48 h
with a specificity of 86.6% (95% CI, 84.6–88.5%)7,16,23 .
Both sensitivity and specificity showed considerable
heterogeneity across the studies, despite the theoretical
similarity in cervical length methodology and the lack of
obvious disparities in the selection and exclusion criteria.
The pooled LR+ and LR− estimates were 5.92 (95% CI,
4.91–7.13) and 0.35 (95% CI, 0.15–0.82), respectively.
The performance of different cut-offs for the prediction
of birth within 48 h is shown in Table 2.

Birth within 7 days from presentation
Cervical length < 15 mm (six studies, 1781 women, 197
women with preterm birth within a week (11.1%))
Total citations identified from electronic searches
(n = 530)
Citations excluded after screening of titles
and abstracts (n = 392)
Full text retrieved for further evaluation (n = 138)
Articles excluded (n = 110)
• Patients either asymptomatic or with historical
risk factors (n = 38)
• Overlapping studies (n = 6)
• Lack of data to construct 2×2 table (n = 8)
• Mostly multiple gestations (n = 12)
• Non-conventional methodology (n = 2)
• Reviews (n = 5)
• Non-sonographic tests for prediction of
preterm birth (n = 39)
28 studies eligible for meta-analysis
Fewer than two studies per outcome (n = 3)
25 studies used for data integration

Figure 1 Flow diagram of search and selection processes.
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could predict 59.9% (95% CI, 52.7–66.8%) of preterm
births within a week, with a pooled specificity of 90.5%
(95% CI, 89.0–91.9%)7,18 – 20,23,33. Again, there was profound heterogeneity across studies (12 had a heterogeneity
of I2 > 80%). The pooled LR+ and LR− estimates
were 5.71 (95% CI, 3.77–8.65) and 0.51 (95% CI,
0.33–0.80), respectively (Figure 2).
Cervical length < 20 mm (four studies, 1263 women,
118 preterm births within 7 days (9.3%)) could predict 75.4% (95% CI, 66.6–82.9%) of preterm births
within one week, with a specificity of 79.6% (95% CI,
77.1–81.9%)7,19,30,33 . The pooled LR+ and LR− estimates were 3.74 (95% CI, 2.77–5.05) and 0.33 (95% CI,
0.15–0.73), respectively (Figure 2).
On raising the cervical length cut-off to 25 mm (four
studies, 856 women, 83 cases of preterm birth within
7 days (9.7%)), the sensitivity became 78.3% (95% CI,
67.9–86.6%), with a specificity of 70.8% (95% CI,
67.4–74.0%)15,18,19,33 . The pooled LR+ and LR− estimates were 2.81 (95% CI, 2.01–3.93) and 0.36 (95% CI,
0.24–0.54), respectively (Figure 2).
The composite SROC curve (Figure 3) presents the pairs
of sensitivity and specificity for all four tested cervical
length cut-offs (15, 20, 25 and 30 mm). The changes in
sensitivity and specificity with changing cut-offs of cervical
length are also graphically illustrated in Figure 4a.

Birth before 34 weeks’ gestation (Table 2, Figure 5)
Four studies examined the performance of cervical length
< 15 mm in predicting preterm birth at < 34 weeks’
gestation (429 women, 78 cases of preterm birth
(18.2%))17 – 20 . Their pooled sensitivity was 46.2%
(95% CI, 34.8–57.8%) and their pooled specificity was
93.7% (95% CI, 90.7–96.0%). The pooled LR+ and
LR− estimates were 4.31 (95% CI, 2.73–6.82) and 0.63
(95% CI, 0.38–1.04), respectively.
The pooled sensitivity and specificity of cervical length
< 20 mm for predicting preterm birth at < 34 weeks were
49.4% (95% CI, 37.9–60.9%) and 93.1% (95% CI,
89.7–95.7%), respectively (two studies, 385 women, 79
births at < 34 weeks (20.5%)), with high inconsistency
across the two studies19,22 . Cervical length < 25 mm (five
studies, 735 women, 84 births at < 34 weeks (11.4%))
had a sensitivity of 64.3% (95% CI, 53.1–74.4%) and a
specificity of 68.4% (95% CI, 64.6–71.9%)18,19,27,35,36 .
There was no heterogeneity in sensitivity (I2 = 0.0%), but
it was very high in specificity (I2 = 95.2%). Figure 4b
illustrates the changes in sensitivity and specificity for
different cut-offs of cervical length in predicting birth
before 34 weeks’ gestation.

Sensitivity analysis
No sensitivity analysis was performed for study quality, as
there were no obvious flaws in ultrasound methodology
based on the descriptions given in the corresponding
papers. For studies with recruitment exclusively at
< 34 weeks and birth within 1 week from presentation
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Volumenie et al. 200425

Tsoi et al. 20057

Kwasan et al. 200524

Gomez et al. 200523

Daskalakis et al. 200522

Jenkins et al. 200621

Holst et al. 200620

Palacio et al. 200719

Gramellini et al. 200718

Alfirevic et al. 200717

Schmitz et al. 200816

Ultrasound assessment only
Boudhraa et al. 200815

Study

56 symptomatic (uterine contractions proven by tocodynamometry, clinical or sonographic cervical
changes) with singleton pregnancy at between 28 and 34 weeks. Women with acute fetal distress,
retroplacental hematoma, intrauterine fetal death or severe fetal malformations were excluded.
395 symptomatic women (≥ 4 contractions/30 min, ≥ 30 s duration) with singleton pregnancy at
between 24 and 34 + 6 weeks. Women with multiple pregnancy, PROM, cervical dilatation
> 3 cm, cervical cerclage, uterine anomalies, placenta previa, placental abruption, IUGR,
pre-eclampsia or medically indicated preterm delivery were excluded.
41 women with threatened PTL were randomized to have a transvaginal ultrasound (n = 21) or
receive therapy as planned (n = 20). This is the subset allocated to TVS. Women with PROM,
antenatal corticosteroids or oral steroid therapy were excluded.
108 symptomatic women (≥ 4 contractions/20 min) with singleton pregnancy at between 20 and 33
weeks. Women with PROM, dilatation ≥ 3 cm or cerclage were excluded.
333 symptomatic women with singleton pregnancy at between 24 and < 36 weeks (stratified in 2
groups: pre-32 weeks and post-32 weeks). Patients with Bishop score ≥ 6 or PROM and those who
delivered within 24 h or iatrogenically were excluded.
87 symptomatic women (≥ 2 contractions/10 min for ≥ 30 min on CTG) with singleton pregnancy at
between 22 + 0 and 33 + 6 weeks. Cases with PROM, PV bleeding, uterine or fetal malformations,
imminent delivery, cervical cerclage or fetal distress were excluded. Amniocentesis was also
performed to test for AF microbial invasion.
66 symptomatic women (no definition of symptoms) with singleton pregnancy at between 23 and 34
weeks and dilatation < 3 cm. Women with PROM or cervical cerclage were excluded. Dynamic
cervical change was also assessed.
172 symptomatic women with singleton pregnancies at between 24 and 34 weeks, with ≤ 2 cm
dilatation and intact membranes.
401 women with singleton pregnancies at between 25 and 35 weeks, with symptoms of preterm
labor (contractions ≥ 3/30 min), dilatation ≤ 3 cm and intact membranes. Amniocentesis was also
performed to test for AF microbial invasion.
69 symptomatic women with singleton pregnancy at between 24 and 35 + 6 weeks, with dilatation
≤ 3 cm and intact membranes. Cases with severe maternal or fetal complications (e.g.
pre-eclampsia) or fetal distress necessitating immediate delivery were excluded.
510 symptomatic women (painful regular contractions) with singleton pregnancy at between 24 and
33 + 6 weeks. Women with dilatation > 3 cm and PROM were excluded.
59 symptomatic women (contractions on tocodynamometry + cervical change) with singleton
pregnancy, presenting at between 18 and 34 weeks, with dilatation ≤ 3 cm and intact membranes.
Cases with cervical cerclage, pre-eclampsia, fetal pathology or maternal disease were excluded.

Description

Table 1 Characteristics of studies eligible for analysis

CL < 27 mm

CL < 5, 10, 15, 20 mm

CL < 30 mm

CL < 15 mm

CL < 20 mm

CL < 20 mm

CL < 15 mm

CL < 15, 20, 25 mm

CL < 15, 25 mm

CL < 15 mm

CL < 15, 20, 25, 30 mm

CL < 25 mm

Cut-off(s)/test(s)

< 48 h, < 7 days, < 35
weeks
< 37 weeks

< 36 weeks

< 48 h, < 7 days, < 32
weeks, < 35 weeks

< 34 weeks

< 37 weeks

< 7 days, < 34 weeks

< 7 days, < 34 weeks

< 7 days, < 34 weeks

< 34 weeks

< 48 h, < 7 days, < 14
days, < 35 weeks,
< 37 weeks

< 48 h, < 7 days

Delivery

Cervical length in symptomatic women
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Schmitz et al. 200633

Botsis et al. 200632

Ness et al. 200731

Ultrasound plus biochemistry
Eroglu et al. 200730

Murakawa et al. 199329

Gomez et al. 199428

Crane et al. 199727

Vendittelli et al. 200126

Study

Table 1 (Continued)

359 symptomatic women (≥ 4 contractions/30 min) with singleton pregnancy at between 18 and
34 + 6 weeks, with intact membranes and dilatation ≤ 3 cm. Cases with PV bleeding, recent
cervical manipulation or intercourse, uterine anomalies, placenta previa, abruption, iatrogenic
delivery, pre-eclampsia or IUGR were excluded.

51 symptomatic women (> 10 contractions/h) with singleton pregnancy at between 24 and 35 weeks.
Women with dilatation ≥ 3 cm or PROM were excluded. Cases with vaginal bleeding, recent
intercourse, uterine anomalies, fetal anomalies, abruption, IUGR or pre-eclampsia were also
excluded.
100 symptomatic women (≥ 6 contractions/h or symptoms suggestive) with singleton pregnancy at
between 24 and 33 + 6 weeks, with intact membranes and dilatation < 3 cm. Cases with PV
bleeding, recent cervical manipulation, uterine anomaly, triplets, cerclage and known short cervix
were excluded.
62 singleton symptomatic (≥ 2 contractions/10 min) at between 24 and 26 weeks, with intact
membranes and no signs of chorioamnionitis.

200 women with singleton (87%) or twin (13%) pregnancy, hospitalized for preterm labor
(contractions on external tocodynamometry at least 1/10 min and/or cervical changes), presenting
at between 18 and 36 weeks. Women with cervical dilatation > 3 cm, PROM, cerclage, vaginal
bleeding placenta previa, fetal malformation or delivery within 24 h from presentation were
excluded.
136 symptomatic women with singleton pregnancy (+26 with twin) at between 23 and 33 weeks.
Women with dilatation ≥ 3 cm or PROM were excluded. Cases with vaginal bleeding, placenta
previa, ruptured membranes, cerclage, multiple gestation higher than twins or known stillbirth
were excluded. The patients were examined after contractions had arrested.
59 symptomatic women with singleton pregnancy at between 20 and 35 weeks, cervical dilatation
< 3 cm and intact membranes.
32 symptomatic women (≥ 1 contraction/10 min) with singleton pregnancy at between 25 and 35
weeks. No data on membranes and dilatation. Women with PV bleeding may have been included.

Description

CL < 15 mm; plasma
proMMP-9 67.2
ng/mL
CL < 15, 20, 25 mm
fFN 50 ng/mL

CL < 20 mm;
fFN pos/neg

CL < 20 mm; fFN
pos/neg
phIGFBP-1 30 µg/L

CL < 20, 25 mm

CL < 18 mm

CL < 25, 30 mm

CL < 30 mm

Cut-off(s)/test(s)

< 36 weeks

< 37 weeks

< 7 days, < 35 weeks

< 37 weeks

< 37 weeks

< 34, 37 weeks

< 37 weeks

Delivery
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76 symptomatic women with signs of premature labor requiring hospitalization (≥ 2 contractions/10
min, shortening or dilatation of the cervix) at between 24 and 34 weeks and dilatation ≤ 2 cm.
Cases with multiple pregnancy, PROM, cervical cerclage, placenta previa, placental abruption and
medically indicated preterm delivery were excluded.
108 symptomatic women (≥ 4 contractions/20 min or ≥ 8/h) with singleton pregnancy at between 24
and 36 weeks with intact membranes and dilatation ≤ 3 cm. Cases with maternal or fetal
complications were excluded.

CL < 25 mm; rapid fFN
pos/neg; bacterial
vaginosis; vaginal
infection
CL < 25 mm; bacterial
vaginosis; vaginal
infection; fFN > 50
ng/mL
CL < 25 mm; elastase
1.6 mg/L; bacterial
vaginosis
CL < 30 mm; fFN 50
ng/mL

117 symptomatic (4 contractions/20 min or ≥ 8/ h) women with singleton pregnancy presenting at
between 24 and 34 weeks. Cases with PROM, cervical cerclage, cervical dilatation ≥ 3 cm, placenta
previa, clinical criteria of intrauterine infection, vaginal bleeding of unknown origin, intrauterine
growth restriction, pre-eclampsia, suspected fetal asphyxia, or a major fetal anomaly were excluded
170 symptomatic women (4 contractions/20 min or 8/h) with singleton pregnancy at between 24 and
34 + 6 weeks, presenting with intact membranes and dilatation < 3 cm. Cases with cervical
cerclage, placenta previa, signs of intrauterine infection, vaginal bleeding, IUGR, pre-eclampsia,
suspected fetal asphyxia and fetal anomaly were excluded
161 symptomatic women (≥ 6 contractions/h) with singleton pregnancy at between 22 and 28 weeks
with intact membranes. Women with vaginal bleeding, uterine anomaly, chorioamnionitis, fetal
anomalies or placental abruption were excluded. Women with cervical cerclage were included.
192 symptomatic (regular uterine contractions with cervical change) women with singleton
pregnancy presenting before 34 + 0 weeks. Women with cerclage or maternal/fetal pathology
indicating induction of delivery were excluded.
82 symptomatic women (≥ 4 contractions/h with cervical changes) with singleton pregnancy at
between 24 and 34 weeks, intact membranes and dilatation ≤ 3 cm. Cases with PV bleeding,
intrauterine infection, placenta previa, IUGR or pre-eclampsia were excluded.
77 symptomatic (not defined) with singleton pregnancy or asymptomatic women with shortening
cervix at between 22 and 32 weeks, with intact membranes. Women with ongoing preterm labor
were excluded.

CL < 20 mm; fFN > 60
ng/mL

CL < 29.3 mm; CV IL-6
61 ng/L; CV IL-8
3739 ng/L; CV
phIGFBP-1 21 mg/L
< 26 mm; fFN 50
ng/mL

CL < 20 mm; fFN 50
ng/mL

Cut-off(s)/test(s)

Description

< 37 weeks

< 37 weeks

< 37 weeks

< 28 days

< 34, 37 weeks

< 34 weeks

< 37 weeks

< 34 weeks

Delivery

AF, amniotic fluid; CL, cervical length; CTG, cardiotocography: CV, cervicovaginal; fFN, fetal fibronectin; Glc, glucose; IL, interleukin; IUGR, intrauterine growth restriction;
phIGFBP-1, phosphorylated insulin-like growth factor binding protein-1; PROM, preterm rupture of membranes; proMMP-9: pro-matrix metalloproteinase-9; PTL, preterm labor; PV, per vagina;
TVS, transvaginal sonography; WBC, white blood cells.

Rizzo et al. 199641

Rozenberg et al. 199740

Kurkinen-Raty et al. 200139

Hincz et al. 200238

Gonzalez et al. 200437

Nakai et al. 200536

Tekesin et al. 200534

Tekesin et al. 200535

Study

Table 1 (Continued)
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Gomez 200523
Holst 200620
Tsoi 20057
Palacio 200719
Gramellini 200718
Schmitz 200633
59.9 (52.7–66.8)
90.5 (89.0–91.9)
1781
91.0%/87.2%
5.71 (3.77–8.65)
0.51 (0.33–0.80)

75.4 (66.6–82.9)
79.6 (77.1–81.9)
1263
88.4%/94.7%
3.74 (2.77–5.05)
0.33 (0.15–0.73)
Boudhraa 200815
Palacio 200719
Gramellini 200718
Schmitz 200633

Gomez 200523
Tsoi 20057
Schmitz 200816

71.1 (59.5–80.9)
86.6 (84.6–88.5)
1266
88.7%/57.2%

Tsoi 20057
Schmitz 200816

86.8 (71.9–95.6)
72.2 (69.1–75.2)
905
88.9%/78.6%

Boudhraa 200815
Schmitz 200816

Cervical length
< 15 mm

Sensitivity (%)
Specificity (%)
Number of women
I2 sens/I2 spec
LR+
LR−

Cervical length
< 20 mm

Sensitivity (%)
Specificity (%)
Number of women
I2 sens/I2 spec
LR+
LR−

Cervical length
< 25 mm
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Schmitz 200816

Schmitz 200816

88.2 (65.7–96.7)
40.0 (35.1–45.0)

Cervical length
< 30 mm

Sensitivity (%)
Specificity (%)
Number of women
I2 sens/I2 spec
LR+
LR−
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63.0 (44.2–78.5)
91.7 (86.4–95.1)

Gomez 200523

32 weeks

93.8 (82.8–98.7)
42.1 (36.3–48.2)
328
59.9%/94%
1.57 (1.19–2.07)
0.20 (0.06–0.66)

Gonzalez 200437
Crane 199727

Palacio 200719
Gramellinzi 200718
Nakai 200536
Tekesin 200535
Crane 199727
64.3 (53.1–74.4)
68.4 (64.6–71.9)
735
0.0%/95.2%
2.22 (1.43–3.44)
0.54 (0.41–0.72)

49.4 (37.9–60.9)
93.1 (89.7–95.7)
385
85.2%/65.0%
6.04 (0.85–43.1)
0.63 (0.31–1.28)

Palacio 200719
Daskalakis 200522

46.2 (34.8–57.8)
93.7 (90.7–96.0)
429
88.9%/93.7%
4.31 (2.73–6.82)
0.63 (0.38–1.04)

Holst 200620
Palacio 200719
Alfirevic 200717
Gramellini 200718

34 weeks

75.0 (61.2–85.1)
63.0 (57.5–68.2)

Schmitz 200633

69.0 (60.3–76.8)
77.1 (74.0–80.0)
915
45.6%/91.5%
2.98 (2.13–4.18)
0.41 (0.31–0.56)

Tsoi 20057
Eroglu 200730
Schmitz 200633

55.3 (48.3–62.3)
90.9 (89.0–92.6)
1253
83.8%/59.1%
6.14 (4.15–9.09)
0.49 (0.34–0.71)

Gomez 200523
Tsoi 20057
Schmitz 200633

35 weeks

Tekesin 200534
Volumenie 200425
Crane 199727
Rozenberg 199740
Murakawa 199329
71.2 (62.7–78.8)
69.8 (64.2–75.0)
430
0.0%/71.4%
2.24 (1.71–2.93)
0.43 (0.33–0.57)

Ness 200731
Jenkins 200621
Tekesin 200534
Rizzo 199641
Murakawa 199329
Gomez 1994**28
57.3 (48.8–65.6)
80.9 (75.9–85.2)
441
74.3%/78.2%
2.70 (2.07–3.52)
0.57 (0.43–0.77)

37 weeks

Gonzalez 200437
Kurkinen-Raty 200139
Vendittelli 200126
Crane 199727
93.3 (78.7–98.1) 83.4 (77.7–88.2)
82.1 (67.3–91.0) 52.5 (47.6–57.3)
634
0.0%/88.7%
1.77 (1.34–2.34)
0.35 (0.25–0.48)

Kwasan 200524

81.8 (52.3–94.9)
92.2 (81.5–97.5)

Botsis 200632

36 weeks

Only the first author’s name of each study is given. Numbers in parentheses are 95% CIs. Numbers in bold are pooled estimates. LR+, positive likelihood ratio; LR−, negative likelihood ratio.

93.8 (79.9–98.3)
41.9 (36.9–47.0)

78.3 (67.9–86.6)
70.8 (67.4–74.0)
856
34.4%/89.8%
2.77 (2.15–3.59)
0.33 (0.22–0.50)

88.0 (68.8–97.5)
58.9 (54.1–63.6)
451
60.0%/0.0%
2.09 (1.70–2.57)
0.26 (0.10–0.68)

Sensitivity (%)
Specificity (%)
Number of women
I2 sens/I2 spec
LR+
LR−

Tsoi 20057
Palacio 200719
Eroglu 200730
Schmitz 200633

7 days

48 h

Cut-off for test

Table 2 Performance estimates for prediction of preterm birth in symptomatic women
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Tsoi et al.7 2005
23
Gomez et al. 2005
Holst et al.20 2006
Schmitz et al.33 2006
Palacio et al.19 2007
Gramellini et al.18 2007

Positive LR (95% CI)
Cervical length 15 mm
8.61 (6.65 − 11.14)
7.39 (4.68 − 11.66)
3.02 (1.79 − 5.07)
3.90 (2.42 − 6.27)
8.10 (3.32 − 19.76)
5.86 (1.73 − 19.79)

Negative LR (95% CI)
Cervical length 15 mm
0.03 (0.00 − 0.18)
0.51 (0.39 − 0.66)
0.39 (0.21 − 0.70)
0.55 (0.36 − 0.85)
0.74 (0.56 − 0.97)
0.77 (0.59 − 1.01)

Pooled

5.71 (3.77 − 8.65)
2
Inconsistency (I ) = 73.4 %

0.51 (0.33 − 0.80)
2
Inconsistency (I ) = 87.3 %

Cervical length 20 mm
3.54 (3.03 − 4.12)
2.89 (2.19 − 3.81)
15.00 (3.46 − 65.12)
5.29 (3.00 − 9.32)

Cervical length 20 mm
0.03 (0.00 − 0.22)
0.41 (0.27 − 0.63)
0.35 (0.11 − 1.08)
0.58 (0.38 − 0.87)

3.74 (2.77 − 5.05)
Inconsistency (I2) = 61.0 %

Inconsistency (I2) = 80.6 %

Cervical length 25 mm
2.81 (1.71 − 4.62)
2.23 (1.81 − 2.74)
3.22 (1.93 − 5.37)
3.43 (2.42 − 4.85)

Cervical length 25 mm
0.16 (0.04 − 0.61)
0.21 (0.07 − 0.62)
0.42 (0.23 − 0.78)
0.36 (0.18 − 0.71)

2.77 (2.15 − 3.59)
2
Inconsistency (I ) = 49.8 %

0.33 (0.22 to 0.50)
2
Inconsistency (I ) = 0.0 %

Tsoi et al.7 2005
Schmitz et al.33 2006
Eroglu et al.30 2007
Palacio et al.19 2007

Pooled

Boudhraa et al.15 2008
Schmitz et al.33 2006
Gramellini et al.18 2007
Palacio et al.19 2007

Pooled

0.01

1

0.33 (0.15 − 0.73)

0.01

100.0

1

100.0

Negative LR

Positive LR

Figure 2 Positive and negative likelihood ratios for birth within 1 week from presentation.
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Figure 4 Changes in sensitivity ( ) and specificity ( ) for different
cut-offs of cervical length in predicting birth within 1 week from
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would yield an AUC of 0.841.
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(four studies, 821 women, 93 women with birth within
1 week (11.3%)), the sensitivity was 71.0% (95% CI,
60.6–79.9%) and the specificity was 89.8% (95% CI,
87.4–91.9%)7,18 – 20 . Heterogeneity remained profound
(I2 > 85%). The pooled LR+ and LR− estimates
were 5.19 (95% CI, 2.29–11.74) and 0.38 (95% CI,
0.11–1.34), respectively.

DISCUSSION
Severe prematurity is the leading cause of perinatal
morbidity and mortality, and much effort is put into
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20

Holst et al. 2006
Palacio et al.19 2007
Alfirevic et al.17 2007
18
Gramellini et al. 2007

Pooled

22
Daskalakis et al. 2005
Palacio et al.19 2007

Pooled

Positive LR (95% CI)
Cervical length 15 mm
4.16 (2.21 − 7.83)
5.28 (1.12 − 24.97)
4.63 (1.73 − 12.39)
3.98 (1.33 − 11.96)

Negative LR (95% CI)
Cervical length 15 mm
0.35 (0.21 − 0.60)
0.89 (0.73 − 1.09)
0.12 (0.01 − 1.74)
0.81 (0.64 − 1.01)

4.31 (2.73 − 6.82)
Inconsistency (I2) = 0.0 %

0.63 (0.38 − 1.04)
Inconsistency (I2) = 85.7 %

Cervical length 20 mm
15.19 (5.67 − 40.70)
2.33 (0.77 − 7.06)

Cervical length 20 mm
0.45 (0.34 − 0.60)
0.88 (0.68 − 1.13)

6.04 (0.85 to 43.10)

0.63 (0.31 to 1.28)

2
Inconsistency (I ) = 85.7 %

2
Inconsistency (I ) = 92.8%

18
Gramellini et al. 2007
19
Palacio et al. 2007
Tekesin et al.35 2005
Nakai et al.36 2005
27
Crane et al. 1997

Cervical length 25 mm
3.32 (1.84 − 5.99)
3.96 (2.33 − 6.72)
2.15 (1.54 − 2.99)
1.17 (0.84 − 1.64)
1.90 (1.10 − 3.29)

Cervical length 25 mm
0.53 (0.34 − 0.83)
0.47 (0.25 − 0.88)
0.25 (0.07 − 0.92)
0.76 (0.38 − 1.52)
0.60 (0.30 − 1.19)

Pooled

2.22 (1.43 − 3.44)
Inconsistency (I2) = 79.3 %

0.54 (0.41 − 0.72)
2
Inconsistency (I ) = 0.0 %

Crane et al.27 1997
37
Gonzalez et al. 2004

Cervical length 30 mm
1.88 (1.36 − 2.59)
1.42 (1.26 − 1.60)

Cervical length 30 mm
0.30 (0.08 − 1.07)
0.09 (0.01 − 0.62)

1.57 (1.19 − 2.07)
Inconsistency (I2) = 64.6 %

0.20 (0.06 − 0.65)

Pooled

0.01

1

100.0

2
Inconsistency (I ) = 14.7 %

0.01

1

100.0

Negative LR

Positive LR

Figure 5 Positive and negative likelihood ratios for birth before 34 weeks’ gestation.

detecting and treating mothers who are likely to deliver
very early. In contrast to asymptomatic women, for
whom screening measurement of the cervical length in
the midtrimester can accurately detect many who will
subsequently deliver preterm8 , and for whom prophylactic
administration of progesterone may effectively prevent
extreme prematurity in many of them9 , both detection
and prevention of true preterm birth appear to be
problematic in women who present with symptoms of
preterm labor.

The elusive diagnosis of preterm labor
Preterm labor is largely a subjective diagnosis, and
the prevalence of actual preterm birth in women
with symptoms of preterm labor shows great variation
between studies. A flexible definition of preterm labor
most probably underlies the fact that, of women
presenting with threatened preterm labor, only 7%
actually delivered within 48 h from presentation (data
from 1266 women)7,16,23 and only 11% actually delivered
within 1 week (data from 1781 women)7,18 – 20,23,33 . When
confining our analysis to studies with both recruitment
at or before 34 weeks’ gestation and explicit criteria
for preterm labor (certain frequency and duration of
contractions ± tocographic ascertainment)7,18,20 , the
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prevalence of birth within 1 week slightly increases
as expected, but again it is only 12.6%, and still
varied greatly across the studies, ranging from 8.4%7
to 31.0%20 .

Predictive performance of cervical length
We used random effects models, which, in the presence
of heterogeneity, are more conservative, providing wider
confidence intervals; nevertheless, our results must be
taken cautiously. Given these limitations, a cervical length
of < 15 mm is seen in less than 10% of symptomatic
women and predicts approximately 60% (or 70% if the
patient presents before 34 weeks’ gestation) of the women
who will deliver within the following week. A short cervix
(< 15 mm) increases the chances of delivering within 1
week by 5.7 times. Conversely, a longer cervix can be
a reassuring sign, with the vast majority of such women
not delivering within the following week. The pooled
negative predictive value (NPV, i.e. the likelihood not to
deliver if the test is normal) was 96% for presentation
before 34 weeks and CL > 15 mm, i.e. only 4% of
symptomatic women presenting before 34 weeks would
deliver within the following week if the cervix was longer
than 15 mm. Our analysis showed that a cervical length
of 15 mm is sufficient to exclude birth within a week
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Cervical length in symptomatic women
in 95–96% of cases, and a higher cut-off would not
essentially increase the NPV. Based on our weighted
estimates, for the pooled prevalence of 11.1% for birth
within 1 week from presentation, the NPVs of 15 mm,
20 mm and 25 mm would be 94.8%, 96.3% and 95.8%,
respectively.
One should always be cautious when interpreting
NPVs, as they are so strongly dependent on the prevalence
of the condition of interest that even a test with no
diagnostic value (i.e. sensitivity 50% and specificity 50%)
would yield an NPV of 95% if the prevalence of the
condition is 5%. Therefore, NPVs should be interpreted
only in their broad sense or they should be used for
providing a means of comparison between different
predictive methods for a given prevalence of the condition
of interest. Given these limitations, testing with cervical
length measurement still appears to assist rationalizing
clinical management, provided that the clinician interprets
the results appropriately.

Strengths and limitations of our analysis:
heterogeneity
The performance of cervical length measurement for
the prediction of preterm birth in symptomatic women
has been systematically reviewed before, either as a
stand-alone review of studies in symptomatic women42 ,
or as a subset of a wider meta-analysis including both symptomatic and asymptomatic women43,44 .
In comparison with these publications, our analysis
has included much larger samples, as many of the
largest studies have been published within the last 5
years.
Apart from the results on the predictive performance
of cervical ultrasound, an important methodological
issue highlighted in our analysis was the presence of
considerable heterogeneity across studies in most pooled
estimates of sensitivity and specificity. In cases with
such extreme inconsistency, the pooled estimates, despite
their narrow confidence intervals, are often misleading
unless the potential causes for the underlying clinical
heterogeneity are properly explored45 . An obvious cause
of clinical heterogeneity would lie in the inclusion
criteria for women in the individual studies, i.e. in
the definition of preterm labor. Variation in defining
what is preterm labor in a patient who presents with
suggestive complaints is reflected in the variation of true
preterm birth rate across studies as discussed above;
however, it still does not explain the inconsistency in
sensitivity and specificity, which would be independent
of variations in the prevalence of preterm birth. In
studies with cervical assessment, different methodology
and skill levels may affect its prognostic performance,
and data on scan methodology were therefore recorded
during quality assessment in our analysis. All studies
appeared to follow the same good methodology, and the
actual performance of individual operators could not be
quantified from information available in the published
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articles. Also, there was no issue of different clinical cutoffs, as our analytical groups were based on this particular
criterion. Therefore, there were no obvious sources of
clinical heterogeneity that would explain the considerable
inconsistency in the estimates. A similar finding, although
with a smaller sample size, has also been reported in
the meta-analysis of Honest et al.43 , where quality could
not provide an explanation for the variation in accuracy
among subgroups of studies based on gestational age
at testing, test thresholds and reference standards. This
raises the question of methodological flaws that either
were not reported at all or were under-reported in some
studies.
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