
Abstract
Objective: To define factors associated with spontaneous preterm delivery at <34 weeks of gestation after cerclage in women with 
cervical insufficiency.

Materials and methods: We performed a retrospective study of women with known pregnancy outcomes who underwent emer-
gency or urgent cerclage between March 2016 and April 2017. Pregnancy outcomes were analyzed using logistic regression analyses 
to identify risk factors predictive of spontaneous preterm delivery (<34 weeks of gestation).

Results: A total of 68 women receiving cerclage were included in this study, of which 19 (27.9%) experienced preterm birth (<34 
weeks). Logistic regression analyses identified a high maternal neutrophil-to-lymphocyte ratio (NLR) in serum, preoperative short-
ening of the cervix, and early gestational age at cerclage as risk factors for spontaneous preterm delivery following cerclage. 

Conclusion: High preoperative NLR was associated with increased risk for preterm delivery. NLR may serve as a noninvasive, cost-
effective predictor of spontaneous preterm delivery after cerclage.
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Introduction
Cervical insufficiency, characterized by painless cervical dilation 
in the absence of labor, is a potential etiological factor for spon-
taneous preterm delivery, responsible for approximately 10–25% 
of second-trimester pregnancy losses (Daskalakis et al.). Among 
the most common treatments for cervical insufficiency is cervi-
cal cerclage, a procedure in which a suture is applied around the 

cervical opening to provide structural support to the cervix and 
maintain cervical length (Brix et al.). However, even with this treat-
ment, women who undergo cerclage still exhibit a high risk for pre-
term birth, and may continue to experience cervical change during 
pregnancy, highlighting the need for better methods for assessing 
preterm birth risk in women with cervical insufficiency. Improved 
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Total leukocyte and neutrophil counts have historically been used 
as markers of infection. Applied more broadly, the neutrophil-
lymphocyte ratio (NLR) has been used as an indicator of systemic 
inflammation and stress in various diseases, characterized by in-
creases in neutrophil counts in combination with decreases in over-
all lymphocyte numbers. Several studies have reported elevated 
NLR levels as a predictor of poor clinical outcomes, and high NLR 
levels as a potential risk factor for placental inflammation (Walsh et 
al.; Jung, Park, Lee, Ryu, Joo, et al.; Kim et al.; Guthrie et al.).Together, 
these analyses indicate that the NLR may be helpful in predicting 
preterm birth in cervical insufficiency.

Here, we performed a retrospective analysis of clinical data from all 
women who had undergone urgent or emergent cerclage at our fa-
cility from March 2016 and April 2017. From these data we sought 
to identify a rapid, reliable, and noninvasive method for predicting 
preterm delivery in women with cervical insufficiency who under-
went cerclage.

This retrospective cohort study included pregnant women admitted 
to Gyeongsang National University Changwon Hospital, Changwon, 
Gyeongsangnam-do, Korea, with a diagnosis of cervical insufficiency 
and who underwent emergency or urgent cerclage between March 
2016 and April 2017. The cohort consisted of pregnant women

 Materials and Methods

Clinical characteristics were retrieved from a review of medical 
records. All patients were treated with a modified Shirodkar-type 
purse string cerclage using 5 mm Mersilene tape. Maternal blood 
collection and vaginal swab were performed at the time of admis-
sion, prior to administration of antibiotics, corticosteroids, or toco-
lytics. The NLR was defined as the absolute neutrophil count divid-
ed by the absolute lymphocyte count. In addition, positive vaginal 
culture was defined as overgrowth of aerobic and anaerobic bacte-
ria such as Ureaplasma urealyticum or Mycoplasma hominis at the 
time of admission.

All women received prophylactic intravenous antibiotics (ampicil-
lin or cefazolin) at the time of cerclage, which was continued for 3 
days post-operation. In addition, patients received 1 g azithromy-
cin orally and were treated with tocolytics with intravenous mag-
nesium sulfate or atosiban on an individual basis. Prenatal corti-
costeroids were administered for fetal lung maturation in cases of 
onset of labor (persistent painful uterine contractions) or rupture 
of membranes, which were considered an indication for preterm 
removal of the cerclages; otherwise, the cerclages were electively 
removed at 36 gestational weeks. Clinical covariates collected for 
all 68 women included maternal age, body mass index (BMI), par-
ity, multiple pregnancy, gestational age at cerclage, cervical length 
at cerclage, positive or negative vaginal culture at cerclage, NLR in 
maternal blood drawn immediately prior to cerclage, cerclage-de-
livery period, and gestational age at delivery. Comparisons for each 
variable were performed based on gestational age at delivery, with 
patients divided into two groups: <34 weeks and ≥34 weeks.

diagnostic ability would enable more effective treatment and coun-
seling for at-risk individuals, including administration of corticos-
teroids, hospital admission for high-risk pregnancies, or transfer to 
units with appropriate neonatal facilities.

Several studies have identified intraamniotic inflammation, a con-
dition present in ~80% of patients with cervical insufficiency, as a 
risk factor for preterm delivery and adverse outcomes (S. E. Lee et 
al.; Jung, Park, Lee, Ryu and Oh). Analysis of amniotic fluid and bi-
opsy of the placenta are effective methods for diagnosing intrauter-
ine inflammation (Yoon et al.); however, fluid analysis must be ac-
companied by amniocentesis, which remains an invasive procedure 
and is itself a potential trigger of premature labor. Furthermore, 
most placental histologic examinations can only be performed af-
ter delivery, negating its use as a diagnostic test. Therefore, a rapid, 
noninvasive method for conceivable intrauterine inflammation and 
risk for preterm delivery is needed for women with cervical insuf-
ficiency. 

between 15 + 0 and 26 + 6 weeks of gestation, with available out-
come data. Inclusion criteria for urgent or emergency cerclage at 
our facility include visible membranes by speculum examination, 
prior spontaneous preterm birth with transvaginal cervical length 
< 25 mm, or follow-up ultrasonography revealing a decrease in 
cervical length (<20 mm) prior to 27 weeks gestation despite the 
use of progesterone. Exclusion criteria included women who had 
fetuses with major malformations, active preterm labor, preterm 
premature rupture of membranes, vaginal bleeding, clinical cho-
rioamnionitis consisting of pyrexia (persistent body temperature 
> 38°C), uterine tenderness, increased white blood cell count > 
15,000/mm3, C-reactive protein levels > 2.0 mg/dL, and/or persis-
tent fetal tachycardia (>180 bpm).
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Results

Results and Discussion

Table 1: Clinical Characteristics.

Associations between independent variables and preterm birth 
were assessed using univariate logistic regression analyses. Ges-
tational age at cerclage, preoperative cervical length, and maternal 
NLR were all significantly associated with risk for preterm birth 
after cerclage (Table 2).

In an attempt to better predict which women with cervical insuf-
ficiency would deliver spontaneously at <34 weeks, independent 
variables were entered into a backward selection logistic regres-
sion to identify predictors associated with spontaneous preterm 
delivery. Of the eight variables tested, only preoperative cervical 
length and maternal NLR were retained in the best prediction 
model (Table 3). 

Categorical variables were compared using χ2 or Fisher’s exact tests, 
and are presented as total numbers and percentages. Continuous 
variables were analyzed using the Mann–Whitney U test and are 
presented as medians (range). Risk factors associated with spon-
taneous preterm birth at <34 gestational weeks were identified by 
univariate logistic regression analyses. Multivariate logistic regres-
sion was performed using the backward stepwise technique to de-
termine which combination of factors generated the best predictive 
model for outcome. Variables with a P value < 0.05 in univariate 
analyses were entered into stepwise modeling, and a P value < 0.05 
was required for final inclusion in the model. Receiver operating 
characteristic (ROC) curves for the prediction of spontaneous pre-
term birth at <34 weeks were generated for NLR and for clinical 
variables, and used to identify the best cut-off values for each vari-
able. All statistical analyses were conducted with SPSS for Windows 
version 21.0 and R package (3.4.1). 

Sixty-eight patients were included in this study. The mean gestation-
al age at delivery was 33.7 ± 6.9 weeks, with a mean prolongation 
of pregnancy after cerclage placement of 12.5 ± 6.9 weeks. Among 
the 68 women, 19 (27.9%) delivered before 34 gestational weeks, 
with the remaining 49 (72.1%) delivering at or after 34 gestational 
weeks. An overview of the clinical and obstetrical characteristics of 
the study population are presented in Table 1. Gestational age at 
cerclage was typically earlier, and preoperative cervical length was 
shorter in among those delivering before 34 weeks, compared to 
those in the ≥34-week group. Maternal serum NLR was higher in 
the <34-week group, but otherwise no significant differences in ma-
ternal age, BMI, parity, presence of multiple pregnancy, or positive 
vaginal culture were evident between groups. 

Delivery at 
<34w (n = 19)

Delivery at 
≥34w (n = 49)

P-value

Maternal age 
(years)

34.0 (25–39) 34.0 (22–44) 0.967

Body mass index 22.9 (20.1–32.0) 23.3 (19.5–39.2) 0.58
Multiparity 37% (7/19) 47% (23/49) 0.625
Multiple preg-
nancy

16% (3/19) 18% (9/49) 0.555

Gestational 
age at cerclage 
(weeks)

20.4 (15.3–26.9) 21.4 (12.4–26.9) 0.037*

Preoperative cervi-
cal length (Guthrie 
et al.)

0.00 (0–2.5) 1.25 (0–2.4) <0.001*

Positive vaginal 
culture

53% (10/19) 57% (28/49) 0.473

Maternal serum 
NLR

5.3 (2.3–9.3) 4.0 (1.5–7.2) <0.001*

Cerclage-delivery 
period (weeks)

2.0 (0.3–14.0) 16.6 (9.8–25.7) <0.001*

Values are given as the median (range) or n (%); NLR, 
neutrophil to lymphocyte ratio; *statistical significance.

OR Univariate or 
95% CI

P-value

Maternal age 0.99 0.88–1.13 0.916
Body mass index 1.04 0.92–1.18 0.568
Multiparity 0.77 0.15–3.75 0.722
Multiple pregnancy 1.2 0.29–5.01 0.803
Gestational age at cerclage 0.68 0.46–1.00 0.048*
Preoperative cervical 
length 

0.14 0.05–0.41 <0.001*

Positive vaginal culture 1.2 0.41–3.48 0.737
Maternal serum NLR 3 1.64–5.46 <0.001*

OR, odds ratio; CI, confidence interval; NLR, neutrophil 
to lymphocyte ratio; *statistical significance.

Table 2: Univariate analyses for prediction 
of delivery before 34 weeks.
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Using ROC curve analysis, we compared the diagnostic indices and 
predictive values of NLR, preoperative cervical length, and gesta-
tional age at cerclage for predicting spontaneous preterm delivery 
before 34 gestational weeks. NLR had the highest AUC value of 
0.843 (95% CI, 0.718–0.968), with a cutoff value of 4.8 identified 
as the optimal threshold. The overall sensitivity of this marker was 
73.7%, with a specificity of 89.8% for predicting the occurrence of 
spontaneous preterm birth after urgent or emergency cerclage (P < 
0.001). The areas under the curves for preoperative cervical length 
and gestational age at cerclage were 0.829 (95% CI, 0.711–0.947) 
and 0.664 (95% CI, 0.514–0.813), respectively (P < 0.001 and P = 
0.037; Figure. 1).

This study generated three major findings associated with use of 
cerclage in women with cervical insufficiency. First, the NLR pro-
vided a better overall diagnostic performance than any other clini-
cal factor tested for predicting spontaneous preterm delivery before 
34 weeks of gestation in women with cervical insufficiency. Second, 
earlier gestational age at time of cerclage was significantly associ-
ated with the likelihood of spontaneous preterm delivery before 
34 weeks of gestation. Third, shorter cervical length immediately 
before cerclage was linked to a higher probability of spontaneous 
preterm delivery before 34 weeks of gestation.

Intra-amniotic inflammation has been reported in up to 80% of 
patients with cervical insufficiency, with positive associations with 
both premature rupture of membranes and preterm birth (S. E. Lee 
et al.; Romero et al.). Recent studies have shown that elevated con-
centrations of proinflammatory cytokines and chemokines, such as 
interleukin (IL)-6, metalloproteinases (MMP)-1, MMP-8, and tumor 
necrosis factor-α (TNF-α), in the amniotic fluid of women with cer-
vical insufficiency are associated with a greater risk for spontane-
ous preterm birth before 34 weeks of gestation (Son et al.; S. E. Lee 
et al.; S. M. Lee et al.). Moreover, several proteins found in the cervi-
cal vaginal fluid, including vitamin D binding protein (VDBP), tissue 
inhibitor of metalloproteinases (TIMP)-1, and Dickkopf-related pro-
tein 3 (DKK3), may be predictive of spontaneous premature labor 
(SPTD) in patients with cervical dysfunction (Yoo et al.). However, 
while effective, these methods require the use of risky, expensive, 
and invasive procedures, often requiring specialized equipment. 
Implementation of these procedures in patients already at risk for 
preterm delivery presents a significant burden, significantly limit-
ing their use in clinical settings. Therefore, the development of a 
noninvasive, cost-effective, and easily implemented method for 
diagnosing intra-amniotic inflammation would be a significant ad-
vancement in the diagnosis and treatment of these patients.

Hemocytometers are widely available in most hospitals and are 
routinely used in many clinical diagnostic tests. A systemic inflam-
matory response involves changes in the relative levels of circulat-
ing leukocytes, characterized by neutrophilia in combination with 
moderate lymphocytopenia. This type of simple measurement, in 
the form of an NLR, has been suggested as a simple parameter for 
assessing the extent of systemic inflammation, and is a useful prog-
nostic indicator in various diseases (Gürol et al.; Tomita et al.; Gib-
son et al.). Importantly, NLR has recently been used as a prognostic 
biomarker for identifying women at risk for spontaneous preterm 

Discussion

Figure 1: Receiver operating characteristic 
(ROC) curve for predicting spontaneous preterm 

delivery before 34 gestational weeks.

Adjusted 
or

Adjusted or 
95% CI

P-value

Gestational age at cer-
clage 

0.8 0.62–1.04 0.097

Preoperative cervical 
length 

0.15 0.04–0.58 0.006*

Maternal serum NLR 2.64 1.38–5.07 0.003*

OR, odds ratio; CI, confidence interval; NLR, neutrophil to 
lymphocyte ratio *statistical significance.

Table 3: Multiple logistic regression analyses of potential 
risk factors for delivery before 34 weeks.
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Conclusion
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noninvasive, cost-effective predictor of pregnancy outcomes after 
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to yield better outcomes in this population.
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