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Objective: The purpose of this study was to evaluate sonographic cervical length (CL) and granulocyte
elastase (GE) in cervical secretion as predictors of preterm delivery in asymptomatic twin pregnancies.
Materials and methods: This study prospectively enrolled asymptomatic twin pregnancies with
CL < 25 mm at 22e29 weeks of gestation. All women were hospitalized for preterm labor, and the
cervical secretion was obtained for GE testing on admission. The results of CL measurement and GE
testing were reviewed, and the relationship between each variables and preterm delivery prior to
34 weeks of gestation was assessed.
Results: Overall, we included 54 women with twin pregnancies, of which 12 (22.2%) had preterm de-
liveries prior to 34 weeks of gestation. A CL of <20 mmwas significantly associated with preterm delivery
with an odds ratio of 4.88 (95% confidence limit, 1.15e20.73). GE was not an independent predictive
marker for preterm delivery. We also performed a subgroup analysis on the combination of CL and GE for
predicting preterm delivery. Among the patients with GE(�), CL < 20 mm markedly increased the risk of
preterm delivery with an odds ratio of 10.89 (95% confidence limit, 1.40e77.10). CL was not associated
with preterm delivery among those with GE(þ). Those with negative GE and shorter CL demonstrated
the shortest duration of pregnancy after admission.
Conclusion: The combination of sonographic CL and GE of cervical secretion is useful to predict the risk of
preterm delivery in asymptomatic twin pregnancies.
© 2017 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The number and rate of twin births has increased over the past
decades in developed countries [1]. Prematurity is the major cause
of neonatal morbidity and mortality in twin births. The rates of
preterm birth <37 weeks and <32 weeks for twin gestations were
10.8 and 7.7 times the rates for singleton gestations, respectively
[2]. Prediction of spontaneous preterm delivery in twin pregnancies
is of major importance. The identification of the patients at higher
risk for preterm birth in twin pregnancies would allow more
effective management to prevent adverse perinatal outcomes
including antenatal administration of steroid. Moreover, the ability
to predict preterm births would be useful to avoid unnecessary
interventions and hospitalization in patients with lower risk.
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It has been proposed that a short cervical length (CL) measured
by transvaginal ultrasound is useful to predict spontaneous pre-
term delivery in singleton pregnancies [3,4]. More recently, there
have been reports suggesting a predictive role in twin pregnancies
[5].

Granulocyte elastase (GE) is a serine protease released from
leukocytes, which is capable of degrading extracellular matrix
proteins. This enzyme has been isolated in human cervical mucus
and believed to play an important role in depolymerizing collagen
in ripening cervix [6]. It has been reported that polymorphonuclear
leukocyte and GE are abundant in the vagina of patients with
preterm labor comparedwith those of normal pregnantwomen [7].
A more recent study demonstrated that the increased level of GE in
cervical secretions was an independent predictive marker for pre-
term delivery prior to 34 weeks of gestation in singleton preg-
nancies [8]. To our knowledge, there have been no studies on GE in
cervical secretion as a predictive marker for preterm delivery in
twin pregnancies.
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Table 2
Risk of spontaneous preterm delivery in twin pregnancies based on cervical length
and granulocyte elastase alone.

N Rate of preterm birth <34 wk (%)

Cervical length (CL)
<20 mm 25 36.0
�20 mm 29 10.3
p value 0.04
OR (95% CI) 4.88 (1.15e20.73)
PPV (%) 17.3
NPV (%) 74.2

Granulocyte elastase (GE)
GE(þ) 23 17.3
GE(�) 31 25.8
p value 0.53
OR (95% CI) 0.61 (0.17e2.22)
PPV (%) 36.0
NPV (%) 89.7

CI ¼ confidence interval; NPV ¼ negative predictive value; OR ¼ odds ratio;
PPV ¼ positive predictive value.

Table 1
Demographic data of twin pregnancies.

Twin pregnancies
included in the study

N 54
Maternal age (y) 35 (21e43)
Nulliparous women 39 (72.2)
Monochorionic twin 28 (51.8)
Gestational weeks on admission (wk) 27 (22e29)
Gestational weeks at delivery (wk) 35 (28e36)

Data are presented as median (range) or number (%).

K. Tanaka et al. / Taiwanese Journal of Obstetrics & Gynecology 56 (2017) 188e191 189
The objective of this study was to evaluate CL, GE, and the
combination of both as predictors of spontaneous preterm delivery
prior to 34 weeks in preterm labor of asymptomatic twin
pregnancies.

Materials and methods

We conducted a prospective observational study of womenwith
twin pregnancies who received prenatal care and delivered at the
Kyorin University hospital, the tertiary perinatal center in Tokyo,
Japan, between January 2009 and July 2015. We prospectively
included women with asymptomatic twin pregnancies whose CL
was less than 25 mm between 22 weeks and 29 weeks of gestation
with intact fetal membrane as the study participants. All partici-
pants provided written informed consent for participation in the
study, which was approved by the institutional review board. For
risk assessment of preterm delivery, we routinely performed CL
measurement by transvaginal ultrasound on all outpatients with
twin pregnancies every 2 weeks from 20 weeks' gestation. We used
the cutoff of 25mm for indication of hospitalization, which is below
the 10th percentile at 24 weeks of gestation in a population deliv-
ering at term [4]. Sonographic scan of the uterine cervix was per-
formed with a 7.5-MHz transvaginal probe (SONOVISTA-C3000;
Siemens Medical Systems, Tokyo, Japan) with the patient in the
lithotomy position and having an empty bladder. The optimal im-
age was defined according to the criteria reported by Iams et al [4].
CL was measured from the internal to the external cervical os. Each
scan was performed by a trained obstetrician. A short CL was
defined as a CL of less than 20 mm, as the cutoff of 20 mm has been
validated in other studies [9,10].

Pregnancies with uterine anomalies, major fetal anomalies, in-
trauterine fetal death, twinetwin transfusion syndrome, cervical
cerclage placement, or medically indicated delivery including
preeclampsia prior to 34 weeks were excluded. We also excluded
the symptomatic women with gross cervical bleeding, cervical
change (effacement of at least 50% or dilatation of at least 2 cm), or
painful and regular uterine contractions. The gestational age was
based on the last menstrual period, a reliable menstrual history,
and an ultrasound examination in the first trimester.

All women were hospitalized and underwent cervical secretion
sampling for GE detection on admission. Prior to digital examina-
tions, cervical secretion was taken with a sterile swab for GE
assessment. The swab stick was rolled gently across the endocervix.
The concentration of GE was measured using Inotech Elastase kit
(Sanwakagaku Kenkyusho, Nagoya, Japan) based on latex immu-
noassay. The cutoff value was 1.6 mg/mL for GE, according to the
manufacturer's instruction. According to the manufacturer's data,
the minimal detectable dose was 0.1 mg/mL, and the intra- and
interassay coefficients of variationwere 3.4% and 6.5%, respectively.

All hospitalized women received the therapy for preterm labor
including bed rest, intravenous administration of tocolytic agents
(beta stimulator and/or magnesium sulfate), and vaginal adminis-
tration of urinary trypsin inhibitor and metronidazole irrespective
of the results of CL or GE until delivery or 34 weeks of gestation.

The relationship between each variables and preterm delivery
prior to 34 weeks of gestation was assessed by ManneWhitney U
test or Fisher's exact test. Spontaneous labor and spontaneous
preterm birth after the premature rupture of membranes were
included as preterm delivery in the current study. An adjusted odds
ratio was calculated bymultivariate logistic regression, inwhich we
controlled for maternal age, parity, chorionicity of the twins, and
gestational age at testing.

KaplaneMeier survival analysis was applied to evaluate the
duration of pregnancy after admission according to each variables.
The log rank test was used to compare differences in the duration of
pregnancy after admission between the groups. Data were exam-
ined using a statistics program (SPSS Statistics ver19; IBM, Tokyo,
Japan). A p value < 0.05 was taken to indicate a significant test
result.

Results

A total of 54 women with twin pregnancies were included
during the study period. All were hospitalized at 22e29 weeks of
gestation because the CL was below 25 mm. The demographic
characteristics of participants are shown in Table 1. Among the 54
women, 12 (22.2%) had preterm deliveries prior to 34 weeks of
gestation. There were no significant differences between thosewho
delivered prior to and after 34 weeks with respect to maternal age,
parity, chorionicity of the twins, or gestational age on admission.

The median (range) of CL on admission was 20 (6.2e24.0) mm,
and 25 patients (46.3%) had a CL below 20 mm. Patients with a
CL < 20 mmwere significantly more likely to deliver at <34 weeks
of gestation (p ¼ 0.04), with an adjusted odds ratio of 4.88 [95%
confidence interval (CI), 1.15e20.73] (Table 2).

Twenty-three patients (42.6%) showed a positive GE result on
admission. As shown in Table 2, GE alone was not a significant
predictive marker of spontaneous preterm delivery prior to
34 weeks (p ¼ 0.53).

We then examined the combination of GE and CL testing as a
risk factor for preterm delivery. Among the patients with positive
GE, there was no significant difference in the rate of preterm de-
livery with respect to CL (p¼ 0.62, Table 3). In contrast, the patients
with negative GE and CL < 20 mm had significantly higher rate of
preterm delivery prior to 34 weeks, compared with those who had
negative GE and CL� 20mm (p¼ 0.04), with an adjusted odds ratio
of 10.89 (95% CI, 1.40e77.10) (Table 3).

The duration of pregnancy after admission according to each
variables is shown in terms of survival curves in Figure 1. The



Figure 1. Fraction of twin pregnancies undelivered at each week after admission
grouped by the results of cervical length (CL) and granulocyte elastase (GE) testing.

Table 3
Risk of spontaneous preterm delivery based on the combination of cervical length
and granulocyte elastase.

Rate of preterm birth <34 wk (%)

GE(þ) (N ¼ 23) GE(�) (N ¼ 31)

Cervical length (CL)
<20 mm 22.2 43.8
�20 mm 14.3 6.7
p value 0.62 0.03
OR (95% CI) 1.71 (0.24e12.27) 10.89 (1.40e77.10)
PPV (%) 22.2 43.8
NPV (%) 85.7 93.3

CI ¼ confidence interval; GE ¼ granulocyte elastase; NPV ¼ negative predictive
value; OR ¼ odds ratio; PPV ¼ positive predictive value.
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patients with negative GE and CL < 20 mm had the shortest
duration of pregnancy with a mean value of 8.3 (95% CI, 6.3e10.3)
weeks, whereas those with negative GE and CL � 20 mm had a
mean value of 11.4 (9.9e12.9) weeks. Themean duration of patients
with positive GE was 10.0 (8.7e11.4) weeks, and the difference in
pregnancy duration among the three groups was statistically sig-
nificant (p ¼ 0.03).

Discussion

In this study, GE was not an independent predictor of sponta-
neous preterm delivery prior to 34 weeks in preterm labor of twin
pregnancies. Compared with a previous study [8], which predom-
inantly included women with singleton pregnancies as partici-
pants, the result of our study showed a comparable positive
predictive value (17.3% vs. 22.2%). However, the negative predictive
value of GE was found to be considerably lower in our study (74.2%
vs. 92.2%), which we believewas one of the reasons why GEwas not
a significant predictor.

A short CL was significantly associated with spontaneous pre-
term delivery prior to 34 weeks, which was consistent with the
results of a systematic review [5]. The positive predictive value of
36.0% with a cutoff value of 20 mm was as good as that in other
reported studies [9,10]. Our study proved that transvaginal ultra-
sound measurement of CL prior to 30 weeks was a good test to
predict preterm delivery prior to 34 weeks in twin pregnancies.

We did not find any significant difference in the rate of preterm
delivery with respect to CL among the patients with positive GE. In
contrast, the patients with the combination of negative GE and
shorter CL showed the highest risk of spontaneous preterm de-
livery (Table 3). The same group of patients also showed a signifi-
cantly shorter duration of pregnancy after admission as described
in Figure 1.

We assumed that these characteristic results of our study may
reflect the pathophysiological variety of preterm birth in twin
pregnancies. The intrauterine chorioamnionitis and the increased
uterine pressure, such as multiple pregnancies and poly-
hydramnios, are two major causes of spontaneous preterm births
[11,12]. GE in vaginal secretion or amniotic fluid has been reported
to be associated with intrauterine infection in many studies
[13e15], which implies that the GE positive group in our study
could represent the population with active cervicitis, possibly at
risk of chorioamnionitis and preterm delivery. By contrast, the
group with negative GE, especially patients with shortened cervix,
could be representative of those with increased uterine pressure,
not complicated with active cervicitis. In twin pregnancies, which
are subjected to relatively larger uterine content, the pathophysi-
ology of cervical shortening due to uterine pressure might account
for a larger portion of preterm deliveries, compared with singleton
pregnancies at the same gestations. Recent studies and experi-
ments showed that increased uterine wall stress induces inflam-
matorymediators in the amniotic fluid andmyometrium that could
lead to cervix shortening and preterm labor [16e18]. The highest
risk of preterm delivery in patients with negative GE and shorter CL
in our study supports this idea. In addition, we believe this idea
could also explain the lower negative predictive value of GE in the
current study than the previous study of singletons. Our study
showed that the combination of GE testing and CL measurement is
useful to understand the pathophysiology of preterm labor of twin
pregnancies and also to predict the risk of spontaneous preterm
delivery. The population with positive GE represents the cervici-
tisechorioamnionitis type, whereas the patients with shortened
cervix with negative GE represent the increased uterine pressure
type. To our knowledge, this is the first report to reveal the use-
fulness of sonographic CL and GE of cervical secretions as predictive
markers for spontaneous preterm delivery in twin pregnancies.

The positive predictive value of negative GE and shorter CL was
43.8%. The value of the current study was comparable with fetal
fibronectin testing, which has been reported as one of the useful
predictive biochemical markers for preterm delivery in twin
pregnancies [10,19].

The lower rate of preterm delivery in the cervicitisechor-
ioamnionitis type compared with the increased uterine pressure
type in our study might be attributed to therapeutic interventions
such as vaginal administration of urinary trypsin inhibitor.
Kanayama et al [20] have reported that intravaginal treatment with
urinary trypsin inhibitor is effective for lengthening pregnancy in
preterm labor.

The lowest preterm delivery rate (6.7%) in patients with nega-
tive GE and longer CL suggests that the combination of GE and CL
also provides high negative predictive power, and it could enable us
to avoid unnecessary interventions and hospitalization.

The limitations of this study include the small sample size and
the fact that the study was conducted at a single institution.
Although we acknowledge that the ultimate goal of prenatal sur-
veillance is to improve the neonatal outcomes, the sample size of
the study was not large enough to evaluate them. Future studies
should be conducted using a larger number of cases to validate the
utility of GE as a predictive marker for spontaneous preterm birth
and neonatal prognosis of twin pregnancy. Another limitation is
that therapeutic intervention is relatively unique in Japan,
including the long-term use of tocolytic agents. Although some of
the therapies described in the Materials and methods section have
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not been proven to be beneficial in larger trials, they have been
traditionally and widely accepted in Japan.

Conversely, the strength of our study is a uniform therapeutic
intervention for preterm labor of twin pregnancy. All study par-
ticipants received the therapy based on the same therapeutic pro-
tocol as described in Materials and methods, which could be an
advantage when appropriately evaluating the predictive perfor-
mance of CL and GE.

The therapeutic interventions to prevent preterm birth in twin
pregnancies, such as vaginal progesterone and prophylactic cervical
cerclage placement, have not been supported by prospective ran-
domized trials [21,22]. However, as we discussed, the preterm de-
liveries in twin pregnancies may have a wider variety of
pathogenesis than singleton, and the heterogeneity of the patho-
physiological backgrounds of the patients might have made it
difficult to prove the effectiveness of the interventions in previous
trials. Some of the interventions that have been previously shown
as ineffective might be actually effective with selected participants
based on the pathogenesis. Our study showed that the potential
abilities of CL measurement and GE testing, which reflect the
pathogenesis of preterm delivery in asymptomatic twin pregnan-
cies, cervicitis, chorioamnionitis, or increased uterine pressure,
may help future studies to evaluate preterm birth prevention
strategies appropriately.

In conclusion, the combination of sonographic CL measurement
and GE testing of cervical secretions is useful to predict the risk of
spontaneous preterm delivery prior to 34 weeks of gestation in
asymptomatic twin pregnancies.

Conflicts of interest

The authors have no conflicts of interest relevant to this article.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.tjog.2016.07.014.

References

[1] Ananth CV, Chauhan SP. Epidemiology of twinning in developed countries.
Semin Perinatol 2012;36:156e61.

[2] Chauhan SP, Scardo JA, Hayes E, Abuhamad AZ, Berghella V. Twins: preva-
lence, problems, and preterm births. Am J Obstet Gynecol 2010;203:305e15.

[3] Andersen HF, Nugent CE, Wanty SD, Hayashi RH. Prediction of risk for preterm
delivery by ultrasonographic measurement of cervical length. Am J Obstet
Gynecol 1990;163:859e67.
[4] Iams JD, Goldenberg RL, Meis PJ, Mercer BM, Moawad A, Das A, et al. The
length of the cervix and the risk of spontaneous preterm delivery. N Engl J
Med 1996;334:567e72.

[5] Conde-Agudelo A, Romero R, Hassan SS, Yep L. Transvaginal sonographic
cervical length for the prediction of spontaneous preterm birth in twin
pregnancies: a systematic review and metaanalysis. Am J Obstet Gynecol
2010;293:128.e1e128.e12.

[6] Kanayama N, Terao T. The relationship between granulocyte elastase-like
activity of cervical mucus and cervical maturation. Acta Obstet Gynecol
Scand 1991;70:29e34.

[7] Yamada T, Matsubara S, Minakami H, Ohkuchi A, Hiratsuka M, Sato I. Relation
between viability of vaginal polymorphonuclear leukocytes and presence of
histologic chorioamnionitis. Acta Obstet Gynecol Scand 2009;79:818e23.

[8] Nakai A, Taniuchi Y, Miyake H, Nakai M, Yokota A, Takeshita T. Increased level
of granulocyte elastase in cervical secretion is an independent predictive
factor for preterm delivery. Gynecol Obstet Invest 2005;60:87e91.

[9] Guzman ER, Walters C, O'Reilly-Green C, Kinzler WL, Waldron R, Nigam J, et al.
Use of cervical ultrasonography in prediction of spontaneous preterm birth in
twin gestations. Am J Obstet Gynecol 2000;183:1103e7.

[10] Fox NS, Saltzman DH, Klauser CK, Peress D, Gutierrez CV, Rebarber A. Pre-
diction of spontaneous preterm birth in asymptomatic twin pregnancies with
the use of combined fetal fibronectin and cervical length. Am J Obstet Gynecol
2009;201:313.e1e5.

[11] Goldenberg RL, Hauth JC, Andrews WW. Intrauterine infection and preterm
delivery. N Eng J Med 2000;342:1500e7.

[12] Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes of
preterm birth. Lancet 2008;371:75e84.

[13] Kidokoro K, Furushima M, Kuno N, Ishikawa K. Amniotic fluid neutrophil
elastase and lactate dehydrogenase: association with histologic cho-
rioamnionitis. Acta Obstet Gynecol Scand 2006;85:669e74.

[14] Miyazaki K, Furuhashi M, Matsuo K, Minami K, Yoshida K, Kuno N, et al.
Impact of subclinical chorioamnionitis on maternal and neonatal outcomes.
Acta Obstet Gynecol Scand 2007;86:191e7.

[15] Miura H, Ogawa M, Hirano H, Sanada H, Sato A, Obara M, et al. Neutrophil
elastase and interleukin-6 in amniotic fluid as indicators of chorioamnionitis
and funisitis. Eur J Obstet Gynecol Reprod Biol 2011;158:209e13.

[16] Adams Waldorf KM, Singh N, Mohan AR, Young RC, Ngo L, et al. Uterine
overdistention induces preterm labor mediated by inflammation: observation
in pregnant women and nonhuman primates. Am J Obstet Gynecol 2015;213:
830.e1e830.e19.

[17] Lee YH, Shynlova O, Lye SJ. Stretch-induced human myometrial cytokines
enhance immune cell recruitment via endothelial activation. Cell Mol
Immunol 2015;15:231e42.

[18] Hua R, Pease JE, Soorana SR, Viney JM, Nelson SM, Myatt L, et al. Stretch and
inflammatory cytokines drive myometrial chemokine expression via NF-
kappaB activation. Endocrinology 2012;153:481e91.

[19] Gibson JL, Macara LM, Owen P, Young D, Macauley J, Mackenzie F. Prediction
of preterm delivery in twin pregnancy: a prospective, observational study of
cervical length and fetal fibronectin testing. Ultrasound Obstet Gynecol
2004;23:561e6.

[20] Kanayama N, el Maradny E, Yamamoto N, Tokunaga N, Maehara K, Terao T.
Urinary trypsin inhibitor: a new drug to treat preterm labor: a comparative
study with ritodrine. Eur J Obstet Gynecol Reprod Biol 1996;67:133e8.

[21] Berghella V, Odibo AO, To MS, Rust OA, Althuisius SM. Cerclage for short
cervix on ultrasonography: meta-analysis of trials using individual patient-
level data. Obstet Gynecol 2005;106:181e9.

[22] Rouse DJ, Caritis SN, Peaceman AM, Sciscione A, Thom EA, Spong CY, et al.
A trial of 17 alpha-hydroxyprogesterone caproate to prevent prematurity in
twins. N Engl J Med 2007;357:454e61.

http://dx.doi.org/10.1016/j.tjog.2016.07.014
http://dx.doi.org/10.1016/j.tjog.2016.07.014
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref1
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref1
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref1
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref2
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref2
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref2
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref3
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref3
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref3
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref3
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref4
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref4
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref4
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref4
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref5
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref5
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref5
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref5
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref5
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref6
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref6
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref6
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref6
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref7
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref7
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref7
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref7
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref8
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref8
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref8
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref8
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref9
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref9
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref9
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref9
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref10
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref10
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref10
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref10
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref10
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref11
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref11
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref11
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref12
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref12
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref12
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref13
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref13
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref13
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref13
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref14
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref14
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref14
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref14
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref15
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref15
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref15
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref15
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref16
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref16
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref16
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref16
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref16
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref17
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref17
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref17
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref17
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref18
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref18
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref18
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref18
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref19
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref19
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref19
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref19
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref19
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref20
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref20
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref20
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref20
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref21
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref21
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref21
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref21
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref22
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref22
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref22
http://refhub.elsevier.com/S1028-4559(17)30013-X/sref22

	Prediction of spontaneous preterm delivery in asymptomatic twin pregnancies using cervical length and granulocyte elastase
	Introduction
	Materials and methods
	Results
	Discussion
	Conflicts of interest
	Appendix A. Supplementary data
	References


