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Objective: Cervical cerclage is an effective method to prevent preterm birth. However, the clinical indicators that can predict cervical 
cerclage remain limited. This study aimed to explore whether dynamically inflammatory markers are valuable biomarkers for the 
prognosis of cervical cerclage.
Methods: This study included 328 participants. Inflammatory markers were calculated using maternal peripheral blood before and 
after the cervical cerclage procedure. The Chi-square test, linear regression, and logistic regression were performed to evaluate the 
dynamic change of inflammatory markers with the prognosis of cervical cerclage. And the optimal cut-off values of inflammatory 
markers were calculated.
Results: Totally 328 pregnant women were analyzed in the study. 223 (67.99%) participants obtained successful cervical cerclage. 
This study revealed that the maternal age, the baseline BMI (cm2/kg), the times of gravida, the rate of recurrent abortion, the PPROM, 
cervical length shorter (<1.5cm), cervical dilation (≥2cm), the bulging membrane, the Pre-SII, the Pre-SIRI, the Post-SII, the Post- 
SIRI, and the ΔSII were significantly associated with outcomes after cervical cerclage (all P<0.05). Pre-SII, Pre-SIRI, Post-SII, Post- 
SIRI, and ΔSII levels were mainly related to maternal-neonatal outcomes. Furthermore, the results demonstrated that the ΔSII level 
had the highest OR (OR=14.560; 95% CI (4.461–47.518)). In addition, we revealed that Post-SII and ΔSII levels had the highest AUC 
(0.845/0.840) and relatively higher sensitivity/specificity (68.57/92.83% and 71.43/90.58%) and PPV/ NPV (81.82/86.25% and 78.13/ 
87.07%) compared with other indicators.
Conclusion: This study suggested that the dynamic change of SII level and SIRI level are important biochemical markers to predict 
the prognosis of cervical cerclage and maternal-neonatal prognosis, especially the Post-SII and ΔSII levels. They can help to determine 
candidates for cervical cerclage before surgical procedure and enhance postoperative surveillance.
Keywords: cervical cerclage, maternal-neonatal, outcome, inflammatory markers, peripheral blood

Introduction
Globally, it is reported that the preterm birth rate is nearly 11%.1 Preterm birth significantly increases neonatal mortality 
and morbidity. Approximately 1 million infants died from preterm birth,1 severely threatening families and public health. 
Cervical insufficiency (CI), with an incidence of 0.1–2%, is the main factor causing fetal late pregnancy abortion and 
premature birth, generally occurring at 18–24 weeks.2 The clinical manifestation of cervical insufficiency is painless 
progressive cervical shortening and dilation in the middle and late pregnancy. It accounts for 15% of recurrent abortions 
at 16–28 weeks and is essential to neonatal mortality.3 The most common surgical treatment for cervical insufficiency is 
cervical cerclage. It is reported that cervical cerclage effectively prolongs the number of weeks gestation in patients with 
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cervical insufficiency.4 With the increase of gestational age, the pressure of the intrauterine fetus and its appendages on 
the cervical cervix gradually increases. Cervical cerclage strengthens the cervix through sutures and provides mechanical 
support to prevent the extension of the lower uterine segment in the middle of pregnancy and reduce the rate of preterm 
birth.5,6 This surgical method becomes more mature. Unfortunately, abortion and premature birth still occur after cervical 
cerclage, and the mechanism remains unknown.

Generally, cervical cerclage is the only hope for prolonging pregnancy in patients with cervical insufficiency, with 
a fetal salvage rate reaching 46–100%.7,8 However, despite the clinical significance of this method, information on the 
biomarkers to predict pregnancy outcomes after cervical cerclage, especially using suitable and non-invasive procedures, 
remains limited. Several studies have revealed that increased levels of pro-inflammatory cytokines and chemokines in 
amniotic fluid are associated with poor prognosis after cervical cerclage.9,10 Similarly, numerous studies have revealed 
that the levels of interleukin (IL)-1, IL-6, and IL-8 in the amniotic fluid can be used to evaluate the outcomes of cervical 
cerclage.11–13 However, the clinical utility of these predictors remains limited in prognostic assessment and treatment 
guidance because their diagnostic sensitivity, specificity, and cut-off values have not been evaluated. Moreover, these test 
indicators require clinically invasive manipulation that significantly limits their application. Therefore, it is urgent to find 
novel and reliable noninvasive indicators to predict the pregnancy outcomes of cervical cerclage.

Our research group has long been dedicated to studying noninvasive predictors of the outcome of cervical cerclage. 
Our previous study14 demonstrated that a higher grade of vaginal cleanliness, a higher pH, a lower abundance of 
Lactobacillus spp., a higher sialidase positive percentage, a higher positive percentage of clue cells, a higher lactobacillus 
grade, a higher Nugent score and a higher rate of microecological dysbiosis are potential risk factors that predict 
subsequent cerclage failure. Importantly, recent studies have revealed the systemic immune-inflammation index (SII) and 
systemic inflammation response index (SIRI) are novel and comprehensive inflammatory biomarkers to suitably reflect 
the local immune status and the systemic immune response throughout the human body with noninvasive methods.15–17 

Furthermore, current studies have revealed that SII and SIRI can be better biomarkers to reflect the chronic inflammatory 
state than other inflammatory indicators.18,19 Based on the above conclusions, our previous study found that the baseline 
SII and SIRI levels are important biochemical markers for predicting the outcome of cervical cerclage and maternal- 
neonatal results.20 However, the body’s inflammatory response is a complex and changeable process. Therefore, a single 
test can only reflect the body’s inflammatory response at a point in time.

In this study, we dynamically compare the relationship between inflammatory markers in the peripheral blood of 
pregnant women before and after cervical cerclage and prognosis. We aimed to explore whether dynamically inflam-
matory markers in maternal blood are valuable biomarkers that can more accurately and objectively predict clinical 
outcomes after cervical cerclage.

Materials and Methods
Participants
This study included 328 pregnant women with cervical cerclage from Fujian Provincial Maternity and Child Health 
Hospital, Affiliated Hospital of Fujian Medical University (FMCH) from March 1, 2018, to November 31, 2022. Women 
needing to have cervical cerclage should meet some indications, which have been detailed and described in our previous 
study.14 Participants were recruited to the study according to the following criteria: (1) received cervical cerclage; (2) 
single pregnancies; (3) patients with complete clinical data; (4) patients with complete laboratory data before and after 
cervical cerclage. Detailed data about the clinical characteristic of participants and maternal-neonatal outcomes were 
collected from computerized obstetric records, neonatal databases, and handwritten records. This study was approved by 
the Hospital Ethics Committee (2021KLR601), and all individuals signed informed consent.

The Procedure of Cervical Cerclage
Cervical cerclage was offered to those pregnant women with cervical insufficiency and was performed using the 
McDonald technique under spinal anesthesia. Prophylactic antibiotics (intravenous Cefmetazole 1g) were performed 
routinely before cerclage. Our previous study described the specific surgical procedures in detail.14 The same team 
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performed all cervical cerclages by a standardized technique. Cervical cerclage was only taken without surgical contra-
indications: heavy vaginal bleeding and signs of maternal infection (temperature >37.5°C, purulent discharge, and 
tachycardia >110 bpm). There is no different progesterone administration after the cerclage procedure. Antibiotics 
were given based on the suggestions of the American College of Obstetricians and Gynecologists.21 Immediate 
termination of pregnancy is recommended in case of chorioamnionitis, fetal distress, persistent preterm birth, or other 
emergency conditions.

Definition
Successful cervical cerclage is a practical extension of gestational age, and the newborns are discharged from the hospital 
without identifiable complications. And then, the unsuccessful cervical cerclage included miscarriage, intrauterine death, 
neonatal death, or neonatal morbidity. And significant neonatal morbidity was defined as the presence of any of the 
following: respiratory distress syndrome (RDS), intro-ventricular hemorrhage (VIH), sepsis, necrotic enterocolitis 
(NEC), retinopathy of prematurity, and patent ductus arteriosus (PDA).

Blood Cell Count Assay
The collection of blood samples was performed in two time periods. The first time was completed within three days before 
the cervical cerclage procedure, and the second time within three days after the process. The blood samples were collected 
through face-to-face interviews. The samples were sent to the laboratory for the test immediately. The white blood cell 
(WBC) counts, neutrophil counts, lymphocyte counts, monocyte counts, and platelet counts were detected with flow 
cytometry (XE-3000, SYSMES, Kobe, Japan). According to the calculation formula, the SII (platelet count×neutrophil 
count/lymphocyte count) and SIRI (monocyte count×neutrophil count/lymphocyte count) were calculated with absolute 
neutrophil count (×109 /L), monocyte count (×109 /L), lymphocyte count (×109 /L) and platelet count (×109 /L).22,23 In 
addition, ΔSII is defined as Pre-SII minus Post-SII. Similarly, ΔSIRI means Pre-SIRI minus Post-SIRI.

Statistical Analysis
The counting data were analyzed with t-tests, and the measurement data were calculated by chi-square tests using SPSS 
version 26.0 (IBM, Armonk, NY, USA). And then, the Spearman rank correlation coefficient was performed to determine 
relationships between novel systemic inflammation markers (Pre-SII, Pre-SIRI, Post-SII, Post-SIRI, ΔSII, and ΔSIRII) 
and maternal-neonatal outcomes. Diagnostic accuracy of novel systemic inflammation markers for outcomes of cervical 
cerclage was expressed as the area under the receiver operating characteristic (ROC) curve (AUC). Multiple logistic 
regression analysis was used to assess the risk factors associated with the prognosis of the cervical cerclage. The results 
were presented as odds ratio (OR) and 95% confidence interval (CI). A P value less than 0.05 was defined as statistically 
significant in all statistical tests.

Results
The Baseline Characteristics
Finally, 328 pregnant women enrolled in the study. The detailed characteristics of pregnant women and pregnancy 
outcomes are shown in Table 1. The mean age of the study subjects was 31.0±4.4 years, and the mean body mass index 
(BMI) was 22.8±3.3 (cm2/kg). The median times of gravida and parity were 2 (0–8) times and 0 (0–3) times. Some 
pregnancy-specific symptoms and diseases are described in the following. There are 126 (28.4%) women with gestational 
diabetes (GDM), 22 (6.7%) with gestational hypertension, and 30 (9.1%) with recurrent abortion. Also, there are 117 
(35.7%) women with shorter cervical lengths (≤1.5cm), 60 (18.3%) with cervical dilation (≧2cm), and 96 (29.3%) with 
bulging membranes. And then, the median gestational age (GA) at the time of cerclage was 22+3 (12+5- 27+4), PPROM 
33+3 (22+3- 41+4), and delivery 34+3 (17+3- 41+1). Furthermore, the mean interval between cervical cerclage and 
delivery was 82.1±43.3 days. Regarding the adverse pregnancy complications, there were 77 (23.5%) women with 
preterm premature rupture of membranes (PPROM), 9 (2.7%) with postpartum hemorrhage, 8 (2.4%) with intrapartum 
fever, and 130 (39.6%) with cesarean delivery. As for neonatal outcomes, 36 (11.0%) newborns died, and the mean birth 
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Table 1 Clinical Characteristics of the Study Population

Characteristics Number of Cases (%)

Mother Maternal age (years) 31.0±4.4 (21–48)

BMI (cm2/kg) 22.8±3.3

Gravida 2 (0–8)

Parity 0 (0–3)

GDM 126 (28.4)

Gestational hypertension 22 (6.7)

Recurrent Abortion 30 (9.1)

Cervical length (cm)

≤1.5 211 (64.3)

>1.5 117 (35.7)

Cervical dilation (cm)

≧2 60 (18.3)

<2 268 (81.3)

Bulging membrane 96 (29.3)

GA at cerclage (weeks) 22+3 (12+5–27+4)

GA at PPROM (weeks) 33+3 (22+3–41+4)

GA at delivery (weeks) 34+3 (17+3–41+1)

Cerclage to delivery interval (days) 82.1±43.3 (0–177)

PPROM 77 (23.5)

Intrapartum fever 8 (2.4)

Cesarean delivery 130 (39.6)

Postpartum hemorrhage 9 (2.7)

Newborn GA at delivery (week)

<24 wk 24 (7.3)

≥24 to <28 wk 36 (11.0)

≥28 to <32 wk 45 (13.7)

≥32 to <37 wk 69 (21.0)

37≥wk 154 (47.0)

Mortality 36 (11.0)

Birth weight (g) 2491.2±1019.5 (310–4675)

Apgar score (1 min) 9.7±1.0 (3–10)

(Continued)
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weight was 2491.2±1019.5g. Most babies have a good prognosis delivered after 28 weeks. However, there were some 
severe neonatal outcomes such as RDS 59 (20.1%), IVH 25 (8.5%), sepsis 16 (5.5%), NEC 14 (4.2%), retinopathy of 
prematurity 19 (6.5%) and PDA 24 (8.2%).

The Predictive Risk Factors for Cervical Cerclage Outcomes
Finally, 223 (67.99%) pregnant women obtained successful cervical cerclage. As shown in Table 2, the maternal age, the 
baseline BMI (cm2/kg), the times of gravida, the rate of recurrent abortion, the PPROM, cervical length shorter (<1.5cm), 
cervical dilation (≥2cm), the bulging membrane, the Pre-SII, the Pre-SIRI, the Post-SII, the Post-SIRI, and the ΔSII were 
significantly different between the successful and unsuccessful outcomes (all P<0.05). In addition, the times of parity, 
GDM, gestational hypertension, and the ΔSIRI were not significantly different.

The Relationships Between the Dynamic Change of Novel Systemic Inflammation 
Markers and Maternal-Neonatal Outcomes
Table 3 shows that maternal blood novel systemic inflammation markers, such as Pre-SII, the Pre-SIRI, Post-SII, Post- 
SIRI, and the ΔSII, were significantly related to maternal outcomes. It suggested that a lower Pre-SII, a lower Pre-SIRI, 
a lower Post-SII, a lower Post-SIRI, and a higher ΔSII level associated with a longer cerclage to delivery interval times 
(r =−0.360, P<0.001; r =−0.372, P<0.001; r =−0.495, P<0.001; r =−0.363, P<0.001; r =−355, P<0.001).

In addition, there are relationships between maternal blood novel systemic inflammation markers and neonatal 
outcomes. Significant associations were revealed between mothers with a higher Pre-SII, a higher Pre-SIRI, a higher 
Post-SII, a higher Post-SIRI, and a lower ΔSII levels with a higher mortality rate (r =−0.191, P<0.001; r =−0.173, 
P=0.002; r =−0.378, P<0.001; r =−0.154, P=0.005; r =0.343, P<0.001), lower birth weight (r =−0.391, P<0.001; r = 
−0.385, P<0.001; r =−0.534, P<0.001; r =−0.387, P<0.001; r =0.449 P<0.001), a lower neonatal Apgar score (1 min) (r = 
−0.126, P=0.031; r =0.309, P<0.001; r =−0.334, P<0.001; r =−0.150 P=0.010; r =0.298, P<0.001), a lower neonatal 
Apgar score (5 min) (r =−0.139, P=0.017; r =−0.212, P<0.001; r =0.190, P=0.001), a lower neonatal Apgar score (10 
min)(r =−0.138, P=0.018; r =−0.214, P<0.001; r =0.183, P=0.002), a higher rate of NICU admission (r =0.362, P<0.001; 
r=0.449, P<0.001; r =0.530, P<0.001; r =0.411, P<0.001; r =−0.446, P<0.001), an longer times in hospital (r =0.395, 
P<0.001; r=0.422, P<0.001; r =0.522, P<0.001; r =0.450, P<0.001; r =−0.411, P<0.001), an higher rate of RDS (r =0.349, 

Table 1 (Continued). 

Characteristics Number of Cases (%)

Apgar score (5 min) 9.9±0.3 (8–10)

Apgar score (10 min) 10.0±0.3 (8–10)

NICU admission 80 (27.4)

Time in hospital (days) 14.5±21.2 (0–97)

RDS 59 (20.1)

IVH 25 (8.5)

Sepsis 16 (5.5)

NEC 14 (4.2)

Retinopathy of prematurity 19 (6.5)

PDA 24 (8.2)

Notes: Continuous variables are presented as mean ± SD (range) and categorical variables 
as n (%). Recurrent abortion was defined as at least three spontaneous abortions. 
Abbreviations: BMI, body mass index; GDM, gestational diabetes; GA, gestational age; 
PPROM, preterm premature rupture of membranes; NICU, neonatal intensive care unit; 
RDS, respiratory distress syndrome; IVH, intraventricular haemorrhage; NEC, necrotizing 
enterocolitis; PDA, patent ductus arteriosus.
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P<0.001; r=0.430, P<0.001; r =0.532, P<0.001; r =0.398, P<0.001; r =−0.471, P<0.001), an higher rate of IVH (r =0.168, 
P<0.001; r=0.218, P<0.001; r =0.377, P<0.001; r =0.258, P<0.001; r =−0.471, P<0.001), an higher rate of sepsis 
(r =0.191, P=0.001; r=0.264, P<0.001; r =0.241, P<0.001; r =0.207, P<0.001; r =−0.189, P=0.001), an higher rate of 
NEC (r =0.126, P=0.031; r=0.230, P<0.001; r =−0.237, P<0.001), an higher rate of retinopathy of prematurity (r =0.129, 
P=0.028; r=0.157, P=0.007; r =0.316, P<0.001; r =0.268, P<0.001; r =−0.339, P<0.001), and an higher rate of PDA 
(r =0.261, P<0.001; r=0.203, P<0.001; r =0.323, P<0.001; r =0.226, P<0.001; r =−0.220, P<0.001).

Predictive Value of Dynamic Change of Novel Systemic Inflammation Markers for 
Outcomes After Cervical Cerclage
ROC analyses of maternal blood novel systemic inflammation markers, such as Pre-SII, the Pre-SIRI, the Post-SII, the 
Post-SIRI, the ΔSII, and ΔSIRI, were performed to predict the outcomes after cervical cerclage. We revealed that the 
Post-SII level had the highest AUC (0.845), followed by ΔSII (0.840), Post-SIRI (0.807), the Pre-SIRI (0.771), Pre-SII 

Table 2 The Association Between Inflammatory Markers and Cervical Cerclage Outcomes

Variable Successful (N=223) n (%) Unsuccessful (N=105) n (%) P-value

Maternal age (years) 30.6±4.2 31.9±4.8 0.012

BMI (cm2/kg) 22.5±3.2 23.6±3.5 0.006

Gravida 2 (0–8) 3 (1–7) 0.006

Parity 0 (0–3) 0 (0–3) 0.678

GDM 97 (39.0%) 39 (37.1%) 0.745

Gestational hypertension 16 (7.2%) 6 (5.7%) 0.622

Recurrent Abortion 15 (6.7%) 15 (14.3%) 0.027

PPROM 51 (19.0%) 26 (24.5%) 0.031

Cervical length (cm) <0.001

<1.5 172 (77.1%) 28 (26.7%)

≧1.5 51 (22.9%) 77 (73.3%)

Cervical dilation (cm) <0.001

≧2 18 (8.1%) 42 (40.0%)

<2 205 (91.9%) 63 (60.0%)

Bulging membrane 43 (19.3%) 53 (50.5%) <0.001

Pre-SII (×109/L)* 968.7±380.9 1348.5±502.5 <0.001

Pre-SIRI (×109/L)* 2.9±1.1 5.1±3.3 <0.001

Post-SII (×109/L)§ 853.2±325.0 1762.5±782.1 <0.001

Post-SIRI (×109/L)§ 2.8±1.7 5.3±3.2 <0.001

SII (×109/L)Δ 249.9±420.8 −513.2±670.1 <0.001

SIRI (×109/L)Δ 0.3±1.8 −0.4±3.6 0.056

Notes: Categorical data were analysed using chi-squared tests, and continuous data with t-tests. *Means before the cervical 
cerclage; §Means after the cervical cerclage; ΔMeans Pre-SII/SIRI minus Post-SII/SIRI. 
Abbreviations: BMI, body mass index; GDM, gestational diabetes; PPROM, preterm premature rupture of membranes; SII, 
systemic immune inflammation index; SIRI, systemic inflammation response index.
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Table 3 Relationships Between the Inflammatory Markers and Maternal-Neonatal Outcomes

Variable Pre-SII Pre-SIRI Post-SII Post-SIRI SIIΔ SIRIΔ

Cerclage to delivery interval (days) r-value −0.360 −0.372 −0.495 −0.363 0.355 0.080

p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.149

PPROM r-value 0.028 0.056 −0.024 −0.026 0.008 0.074

p-value 0.618 0.313 0.669 0.639 0.889 0.180

Intrapartum fever r-value −0.107 −0.065 −0.032 0.031 −0.022 −0.092

p-value 0.054 0.240 0.558 0.572 0.688 0.096

Cesarean delivery r-value −0.072 0.018 −0.073 −0.018 0.027 0.054

p-value 0.196 0.745 0.184 0.749 0.621 0.326

Postpartum hemorrhage r-value −0.012 0.047 −0.009 0.058 0.049 −0.018

p-value 0.825 0.401 0.874 0.297 0.374 0.752

Mortality r-value −0.191 −0.173 −0.378 −0.154 0.343 0.064

p-value <0.001 0.002 <0.001 0.005 <0.001 0.248

Birth weight (g) r-value −0.391 −0.385 −0.534 −0.387 0.449 0.062

p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.271

Apgar score (1 min) r-value −0.126 −0.309 −0.334 −0.150 0.298 −0.105

p-value 0.031 <0.001 <0.001 0.010 <0.001 0.071

Apgar score (5 min) r-value −0.093 −0.139 −0.212 −0.080 0.190 0.031

p-value 0.111 0.017 <0.001 0.172 0.001 0.595

Apgar score (10 min) r-value −0.083 −0.138 −0.214 −0.066 0.183 0.044

p-value 0.155 0.018 <0.001 0.255 0.002 0.448

NICU admission r-value 0.362 0.449 0.530 0.411 −0.446 −0.101

p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.084

Time in hospital (days) r-value 0.395 0.422 0.522 0.450 −0.411 −0.110

p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.062

RDS r-value 0.349 0.430 0.532 0.398 −0.471 −0.061

p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.298

IVH r-value 0.168 0.218 0.377 0.258 −0.312 −0.187

p-value 0.004 <0.001 <0.001 <0.001 <0.001 0.001

Sepsis r-value 0.191 0.264 0.241 0.207 −0.189 −0.020

p-value 0.001 <0.001 <0.001 <0.001 0.001 0.735

NEC r-value 0.126 0.024 0.230 0.082 −0.237 −0.096

p-value 0.031 0.685 <0.001 0.163 <0.001 0.100

(Continued)
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(0.733), and ΔSIRI (0.585). Also, an optimal cut-off of Pre-SII, the Pre-SIRI, the Post-SII, the Post-SIRI, the ΔSII, and 
ΔSIRI levels was 1225.7, 4.1803, 1328.9, 3.1684, −204.35 and −0.9015, respectively (Figure 1).

The sensitivity and specificity of Pre-SII, the Pre-SIRI, the Post-SII, the Post-SIRI, the ΔSII, and ΔSIRI were 56.19/ 
88.79%, 59.05/80.27%, 68.57/92.83%, 75.24/74.89%,71.43/90.58%, and 43.81/86.65%. In addition, the PPV and NPV of 
the Pre-SII, the Pre-SIRI, the Post-SII, the Post-SIRI, the ΔSII, and ΔSIRI were 70.24/81.15%, 58.49/80.63%, 81.82/ 
86.25%, 58.52/86.53%, 78.13/87.07%, and 58.97/76.40% (Table 4).

The independent risk factors associated with prognosis after cervical cerclage by multi-variable logistic regression 
analysis were presented in Figure 2. The results demonstrated that the ΔSII level had the highest odds ratio (OR) 

Table 3 (Continued). 

Variable Pre-SII Pre-SIRI Post-SII Post-SIRI SIIΔ SIRIΔ

Retinopathy of prematurity r-value 0.129 0.157 0.316 0.268 −0.339 −0.179

p-value 0.028 0.007 <0.001 <0.001 <0.001 0.002

PDA r-value 0.261 0.203 0.323 0.226 −0.220 −0.033

p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.571

Notes: Analysis was performed using Spearman’s rank correlation analysis. ΔMeans Pre-SII/SIRI minus Post-SII/SIRI. 
Abbreviations: PPROM, preterm premature rupture of membranes; SII, systemic immune inflammation index; SIRI, systemic inflammation response index; 
NICU, neonatal intensive care unit; RDS, respiratory distress syndrome; IVH, intraventricular haemorrhage; NEC, necrotizing enterocolitis; PDA, patent 
ductus arteriosus.

Figure 1 Cut-off, the optimal novel systemic inflammation markers level is used to predict the outcome of cervical cerclage according to the ROC curve. (A) Pre-SII level; 
(B) Pre-SIRI level; (C) Post-SII level; (D) Post-SIRI level; (E) ΔSII level; (F) ΔSIRI levels. 
Note: ΔMeans Pre-SII/SIRI minus Post-SII/SIRI. 
Abbreviations: SII, systemic immune inflammation index; SIRI, systemic inflammation response index; AUC, the area under the ROC curve; CI, confidence interval.
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(OR=14.560; 95% CI (4.461–47.518)), followed by short cervical length (<1.5cm)(OR = 1.796; 95% (0.473–4.975)), 
short cervical length (<1.5cm)(OR = 14.256; 95% (4.766–42.645)), Post-SII level (OR =9.200; 95% (4.142–25.949)), 
bulging membrane (OR =6.800; 95% (2.141–21.600)), Pre-SII level (OR =6.212; 95% (4.117–18.237)), cervical dilation 
(≥2cm) (OR =5.546; 95% (0.864–23.924)), 95% (4.117–18.237)), Pre-SIRI level (OR =5.436; 95% (3.104–15.696)) and 
Post-SIRI level (OR =4.941; 95% (2.971–15.904)).

Discussion
Cervical insufficiency is the main factor causing fetal late pregnancy abortion and premature birth. It has increased 
yearly, causing a higher perinatal mortality rate and severely harming individuals and families. Cervical cerclage is the 
most valuable surgical treatment for cervical insufficiency. It is widely used in clinical practice. Unfortunately, some 
adverse pregnancy outcomes, such as PPROM, chorioamnionitis, and cervical laceration, occurred, and the mechanism 
remains unknown.24,25 Therefore, it is urgent to find novel and reliable non-invasive indicators to predict the pregnancy 
outcomes of cervical cerclage.

In the present study, 223 (67.99%) pregnant women obtained successful cervical cerclage, suggesting that the method 
of cervical cerclage can effectively reduce the rate of preterm birth. It is similar to our previous studies.14,20 In addition, 
36 (11.0%) newborns died in the study. Similarly, other studies reported the neonatal mortality rate ranging from 12.7– 
47.5%.26,27 What is more, our results revealed that the maternal age, the baseline BMI (cm2/kg), the times of gravida, the 
rate of recurrent abortion, the PPROM, cervical length shorter (<1.5cm), cervical dilation (≥2cm), the bulging membrane 
are risk factors for subsequent adverse cervical cerclage outcome. It is consistent with another study. Wei et al28 revealed 
that pregnancies with women with cervical dilatation (≥2cm) indicated a higher rate of preterm birth and an average 
delivered age before 27 weeks. In addition, Ito et al29 also revealed the influence of bulging membranes on pregnancy 
outcomes.

Importantly, our study demonstrated that the Pre-SII, the Pre-SIRI, the Post-SII, the Post-SIRI, and the ΔSII 
significantly differed between the successful and unsuccessful outcomes. In addition, the ΔSII level had the highest 
OR to predict the prognosis of cervical cerclage. Moreover, the maternal blood novel systemic inflammation markers (a 
higher Pre-SII, a higher Pre-SIRI, a higher Post-SII, a higher Post-SIRI, and lower ΔSII levels) were related to shorter 
cerclage to delivery interval times. Furthermore, a higher Pre-SII, a higher Pre-SIRI, a higher Post-SII, a higher Post- 
SIRI, and a lower ΔSII level significantly suggested poor prognostic neonatal outcome, with a higher neonatal mortality, 
a lower neonatal Apgar score (1min), a lower neonatal Apgar score (5 min), a lower neonatal Apgar score (10 min), 
a higher rate of NICU admission, a long times in hospital and a higher rate of complications (RDS, IVH, sepsis, NEC, 
retinopathy of prematurity and PDA). Our previous study found that the baseline SII level and SIRI level are important 
biochemical markers for predicting the outcome of cervical cerclage and maternal-neonatal outcomes.20 Recently, It has 
been demonstrated that inflammatory indicators may predict pregnancy prognosis after cervical cerclage.30 Because 

Table 4 Diagnostic Accuracy of the Inflammatory Markers for the Outcomes of Cervical Cerclage

Sensitivity Specificity PPV NPV

Pre-SII* 56.19 (46.70–65.68) 88.79 (74.36–87.35) 70.24 (60.46–80.01) 81.15 (76.24–86.06)

Pre-SIRI* 59.05 (49.64–68.45) 80.27 (75.05–85.49) 58.49 (49.11–67.87) 80.63 (75.43–85.83)

Post-SII§ 68.57 (59.69–77.45) 92.83 (89.44–96.21) 81.82 (73.76–89.88) 86.25 (81.89–90.61)

Post-SIRI§ 75.24 (66.98–83.49) 74.89 (69.20–80.58) 58.52 (50.21–66.83) 86.53 (81.71–91.34)

SIIΔ 71.43 (62.79–80.07) 90.58 (86.75–94.42) 78.13 (69.86–86.39) 87.07 (82.75–91.39)

SIRIΔ 43.81 (34.32–53.30) 86.65 (81.05–90.25) 58.97 (48.06–69.89) 76.40 (71.14–81.66)

Notes: *Means before the cervical cerclage; §Means after the cervical cerclage; ΔMeans Pre-SII/SIRI minus Post-SII/SIRI. 
Abbreviations: PPV, Positive Predictive Value; NPV, Negative Predictive Value; SII, systemic immune inflammation index; SIRI, 
systemic inflammation response index.
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cervical dilatation usually increases the risk of infection, it may lead to poor outcomes after cervical insufficiency. It is 
reported that nearly 40% of preterm birth had inflammation of the uterine cavity or membranes, which is considered to be 
the occurrence of preterm birth.31 Some studies have demonstrated that SII and SIRI are comprehensive indicators that 
can fully reflect local immunity and systemic inflammatory response.15–17 SII and SIRI are new prognostic indicators of 
systemic immune inflammation. Its ability to predict prognosis has certain advantages over a traditional inflammatory 
index. Moreover, SII and SIRI are easy to obtain and less cost-effective, so they are gradually applied to clinical research.

Figure 2 Independent risk factors for predicting the unsuccessful cervical cerclage. 
Note: ΔMeans Pre-SII/SIRI minus Post-SII/SIRI. 
Abbreviations: SII, systemic immune inflammation index; SIRI, systemic inflammation response index; BMI, body mass index; PPROM, preterm premature rupture of 
membranes; OR, odds ratio, CI, confidence interval.
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Interestingly, this study found that the Post-SII level had the highest AUC (0.845), followed by ΔSII (0.840), Post- 
SIRI (0.807), the Pre-SIRI (0.771), Pre-SII (0.733), and ΔSIRI (0.585), respectively. The sensitivity and specificity of 
Pre-SII, the Pre-SIRI, the Post-SII, the Post-SIRI, the ΔSII, and ΔSIRI were 56.19/88.79%, 59.05/80.27%, 68.57/92.83%, 
75.24/74.89%,71.43/90.58%, and 43.81/86.65%. In addition, the PPV and NPV of the Pre-SII, the Pre-SIRI, the Post-SII, 
the Post-SIRI, the ΔSII, and ΔSIRI were 70.24/81.15%, 58.49/80.63%, 81.82/86.25%, 58.52/86.53%, 78.13/87.07%, and 
58.97/76.40%. Comparing the different indicators, we suggested that Post-SII and ΔSII are more suitable predictors for 
outcome after cervical cerclage due to higher sensitivity, specificity, PPV, and NPV.

There are some limitations to this study. Firstly, this study did not explore twin and multiple pregnancies because the 
surgical indications for twin and multiple pregnancies are unclear. So the conclusions in this study do not apply to twin 
and multiple pregnancies. Secondly, this is a retrospective study, so temporality cannot be ascertained. Therefore, 
a prospective study and a randomized controlled trial are necessary.

In conclusion, this study demonstrated that the Pre-SII, the Post-SII, the Post-SIRI, and the ΔSII level in maternal 
peripheral blood could be valuable biomarkers to predict the prognosis of the cervical cerclage, especially the Post-SII 
and ΔSII level. Furthermore, the dynamic Change of the novel systemic inflammation markers (SII and SIRI) can more 
accurately and objectively predict clinical outcomes after cervical cerclage. In addition, our results suggested that they 
are significantly associated with maternal-neonatal outcomes. We advocate dynamic Change of SII level and SIRI level 
from maternal peripheral blood with noninvasive procedures as a suitable and practical method to predict the prognosis 
of cervical cerclage. Our results may offer additional clinical prognostic information, which helps provide personalized 
treatment before surgery and enhance postoperative surveillance.
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