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Abstract

Background: Emergency cesarean section is a critical intervention for maternal and fetal rescue, yet neonatal outcomes remain variable
and are influenced by multiple perioperative factors. To identify and analyze factors influencing neonatal outcomes following emergency
cesarean section. Methods: A retrospective analysis was conducted on 216 cases of emergency cesarean section performed at theWomen
and Children’s Hospital of Ningbo University from January 2016 to December 2019. Data management and statistical analyses were
performed using SPSS version 20.0. Variables reaching statistical significance in the univariate analysis were subsequently assessed
using a multivariate logistic regression model. A p < 0.05 was considered statistically significant. Results: Of the 216 cases, 80
(37.03%) neonates had low Apgar scores. When emergency cesarean section was initiated from the outpatient setting, the incidence
of low Apgar scores (54.43%, 43/79) was significantly higher than when it was initiated from the inpatient setting (27.01%, 37/137;
p < 0.001). Univariate analysis identified the following risk factors for low Apgar scores: gestational age, hypertensive disorders of
pregnancy, dexamethasone use, anesthesia method, birth weight, occurrence of risk factors of maternal or fetal to decision operation
interval (ORDOI), occurrence of risk factors of maternal or fetal to delivery interval (ORDI), and surgical indications (all p < 0.05).
Maternal age, gestational diabetes mellitus, decision-to-delivery interval (DDI), and histological chorioamnionitis were not associated
with low Apgar scores (p > 0.05). Multivariate logistic regression analyses identified the following independent risk factors for low
Apgar score: general anesthesia (odds ratio [OR] = 6.930, 95% confidence interval [CI]: 2.446–19.637), placental abruption with fetal
distress (OR = 5.732, 95% CI: 1.893–17.354), umbilical cord prolapse with fetal distress (OR = 17.531, 95% CI: 3.091–99.429), severe
maternal complications in obstetrics with fetal distress (OR = 14.615, 95% CI: 2.036–101.888), and ORDI. Using ORDI (0–60 min) as
the reference, the OR values for ORDI (61–120 min), (121–180 min), and (>180 min) were (OR = 4.399, 95% CI: 1.555–12.444), (OR =
8.748, 95% CI: 2.515–30.433), and (OR = 6.899, 95% CI: 1.816–26.215), respectively. Gestational age was identified as an independent
protective factor against low Apgar score (OR = 0.827, 95% CI: 0.723–0.946). Conclusions: Timely identification of maternal and fetal
risk factors and reduction of the ORDI are key strategies for improving neonatal outcomes in the emergency cesarean section.
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1. Introduction
Emergency cesarean section is an urgent rescue

surgery performed to save the lives of both mother and
child. The timeliness of this rescue is closely related to the
prognosis of both [1]. Currently, there is no consensus on
the decision to delivery interval (DDI) for emergency ce-
sarean sections, with some authors suggesting it should be
less than 30 minutes [2,3]. In emergencies such as amniotic
fluid embolism, umbilical cord prolapse, and uterine rup-
ture, shorter DDI should in theory be associated with better
outcomes. However, research to date has yielded mixed
results regarding the impact of DDI on neonatal outcomes
[4,5,6,7]. Recent studies have suggested that neonatal out-
comes are associated with anesthesia methods, surgical in-
dications, and the severity of the condition [7,8].

This study retrospectively analyzed cases of emer-
gency cesarean section performed atWomen and Children’s
Hospital of Ningbo University with the aim of identifying
factors that affect neonatal outcomes.

2. Materials and Methods
2.1 Data Source

The study cohort was 216 pregnant women who un-
derwent emergency cesarean section at NingboUniversity’s
Women and Children’s Hospital from January 2016 to De-
cember 2019.

2.2 Methods

Procedure: Upon an emergency in the ward, emer-
gency room, or delivery room, the doctor activated the
obstetric emergency group by contacting obstetric nurses,
anesthesia medical personnel, such as a new pediatrician
in rescue. When the emergency cesarean section was ini-
tiated in the delivery room, the pregnant woman was im-
mediately transferred to the operating suite within the de-
livery room. When the emergency cesarean section was
started in the emergency department or ward, the doctors
and nurses quickly transferred the pregnant woman to the
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operating room, where she was attended to by other medi-
cal staff. The pregnant woman was transferred to the oper-
ating table, and the medical staff performed their respec-
tive duties. Disinfectant was sprayed onto the surgical
site, and urine catheterization was carried out. The sur-
geon quickly applied surgical disinfectant andwore surgical
clothes, double-layer gloves, and towels. The anesthesiolo-
gist prepared the patient for anesthesia, and the completion
of anesthesia was announced by the anesthesiologist. The
operation physician then immediately began the surgery.
The fetus was delivered after the umbilical cord was sev-
ered and was promptly transferred to the neonatal rescue
team.

Anesthesia method: Pregnant women who had re-
ceived analgesia during labor were evaluated for the effec-
tiveness of anesthesia upon entering the operating room.
Those with poor anesthesia effectiveness received supple-
mental general anesthesia. For the remaining pregnant
women, spinal-epidural anesthesia or general anesthesia
was administered based on their specific condition [9].

2.3 Study Parameters

A retrospective analysis was conducted on the follow-
ing parameters of these pregnant women: age, gestational
age, use of dexamethasone, diabetes mellitus, hypertensive
disorders of pregnancy, anesthesia method, indications for
cesarean section, occurrence of risk factors of maternal or
fetal to delivery interval (ORDI), DDI, occurrence of risk
factors of maternal or fetal to decision operation interval
(ORDOI), newborn birth weight, chorioamnionitis, and low
Apgar score. Low Apgar score was defined according to
the criteria of a score ≤7 at 1 minute, or ≤7 at 5 minutes
[10]. Indications for cesarean section included fetal distress
(abnormal NST or Category III fetal heart rate monitoring
during labor), placental abruption, placental abruption with
fetal distress, umbilical cord prolapse, umbilical cord pro-
lapse with fetal distress, other obstetric emergencies (in-
cluding placenta previa with major hemorrhage, impending
uterine rupture, uterine rupture, amniotic fluid embolism,
eclampsia, etc.), and other obstetric emergencies with fetal
distress [9,10,11].

2.4 Statistical Analysis

SPSS 20.0 software (Statistical analysis was per-
formed using IBM SPSS Statistics for Windows, Version
20.0 (IBM Corp., Armonk, NY, USA)) was used for data
sorting, screening, and statistical analysis. Measurement
data were recorded in the form, and counting data were
recorded in N (%) form. The independent sample t-test
was used to comparemeasurement indexes between groups,
and the Chi-square test to compare counting indexes be-
tween groups. Variables showing statistical significance in
univariate analysis were further evaluated using multivari-
ate logistic regression analysis. p < 0.05 was considered
to indicate statistical significance. Prior to multivariate lo-

gistic regression analysis, multicollinearity among candi-
date variables was assessed using variance inflation fac-
tors (VIFs). Because gestational age and birth weight were
highly correlated, only gestational age was retained in the
final multivariate model based on clinical relevance and
lower collinearity.

3. Results
3.1 General Characteristics

A total of 216 cases of emergency cesarean section
were included in this study, of which 80 (37.03%) had low
Apgar scores (Table 1). A low Apgar score was found
in 54.43% (43/79) of cases when the emergency cesarean
section was initiated in the outpatient department, and in
27.01% (37/137) of cases when it was initiated in the inpa-
tient department. This difference was statistically signifi-
cant (p < 0.001).

3.2 Univariate Analysis
Univariate analysis identified the following risk fac-

tors associated with low Apgar scores: gestational age, hy-
pertensive disorders of pregnancy, use of dexamethasone,
anesthesia method, newborn birth weight, occurrence of
risk factors of maternal or fetal to decision operation in-
terval (ORDOI), ORDI, and indications for surgery (all p <
0.05). However, maternal age, gestational diabetes melli-
tus, DDI, and histological chorioamnionitis were not asso-
ciated with low Apgar scores (p > 0.05) (Table 2).

3.3 Multivariate Logistic Regression
Multivariate regression analysis revealed the anesthe-

sia method was an independent risk factor for low Apgar
score (OR = 6.930, 95% CI: 2.446–19.637), with an al-
most 7-fold higher risk compared to the epidural anesthesia
group. Using fetal distress as the reference group, the risk of
low Apgar score was higher in the placental abruption with
fetal distress group (OR = 5.732, 95% CI: 1.893–17.354),
the umbilical cord prolapse with fetal distress group (OR
= 17.531, 95% CI: 3.091–99.429), and the severe obstet-
ric complications with fetal distress group (OR = 14.615,
95% CI: 2.036–101.888). Because ORDI represents the
overall interval from the occurrence of maternal or fetal
risk factors to delivery and includes both ORDOI and DDI,
only ORDI was entered into the final multivariate model
to avoid overlap and collinearity among time-related vari-
ables. Using ORDI (0–60 min) as the reference group, the
risk of low Apgar score was higher in the ORDI (61–120
min) group (OR = 4.399, 95% CI: 1.555–12.444), ORDI
(121–180min) group (OR = 8.748, 95%CI: 2.515–30.433),
and ORDI (>180 min) group (OR = 6.899, 95% CI: 1.816–
26.215). Gestational age was an independent protective
factor for low Apgar score (OR = 0.827, 95% CI: 0.723–
0.946). Longer gestational age was associated with a de-
creased risk of low Apgar score (Table 3). The multivari-
ate logistic regression model demonstrated good predictive
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Table 1. Incidence of low Apgar score according to the site of initiation of emergency cesarean section.
Location Normal low Apgar score χ2 p

Outpatient department 36 (45.57) 43 (54.43) 16.159 <0.001
Inpatient department 100 (72.99) 37 (27.01)

Table 2. Univariate analysis of risk factors for low Apgar score.
Factor Normal group Low Apgar score t/χ2 p

Maternal age (years) 29.12 ± 5.00 30.48 ± 5.87 –1.805 0.072
Gestational age (weeks) 36.85 ± 3.30 34.74 ± 4.06 3.942 <0.001
Newborn birth weight (g) 2799.30 ± 726.24 2316.2 ± 848.50 4.257 <0.001
Use of dexamethasone 14.689 0.002
Full-term use 12 (57.14) 9 (42.86)
Partial use 9 (56.25) 7 (43.75)
No use 14 (37.84) 23 (62.16)
No need to use 101 (71.13) 41 (28.87)

Gestational diabetes mellitus 0.094 0.760
No 117 (62.57) 70 (37.43)
Yes 19 (65.52) 10 (34.48)

Hypertensive disorders of pregnancy 7.393 0.007
No 130 (65.66) 68 (34.34)
Yes 6 (33.33) 12 (66.67)

Anesthesia method 14.068 <0.001
Epidural anesthesia 42 (85.71) 7 (14.29)
General anesthesia 94 (56.29) 73 (43.71)

Indications for cesarean section 49.148 <0.001
Fetal distress 48 (73.85) 17 (26.15)
Placental abruption 45 (73.77) 16 (26.23)
Placental abruption with fetal distress 11 (28.95) 27 (71.05)

Umbilical cord prolapse 15 (100) 0 (0)
Umbilical cord prolapse with fetal distress 3 (30) 7 (70)
Severe obstetric complications 12 (75) 4 (25)
Severe obstetric complications with fetal distress 2 (18.18) 9 (81.82)

ORDOI (min) 15.622 0.001
0–30 71 (76.34) 22 (23.66)
31–60 27 (60) 18 (40)
61–120 25 (54.35) 21 (45.65)
>120 13 (40.63) 19 (59.38)

DDI (min) 0.766 0.682
0–15 66 (64.08) 37 (35.92)
16–30 46 (64.79) 25 (35.21)
>30 24 (57.14) 18 (42.86)

ORDI (min) 16.814 0.001
0–60 75 (77.32) 22 (22.68)
61–120 30 (56.6) 23 (43.4)
121–180 17 (48.57) 18 (51.43)
>180 14 (45.16) 17 (54.84)

Histological chorioamnionitis 0.095 0.758
No 126 (62.69) 75 (37.31)
Yes 10 (66.67) 5 (33.33)

ORDOI, occurrence of risk factors of maternal or fetal to decision operation interval; DDI, decision-to-delivery
interval; ORDI, occurrence of risk factors of maternal or fetal to delivery interval.
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Table 3. Multivariate logistic regression analysis of low Apgar score.
Intercept and variable B S.E. Wald p OR 95% CI

Gestational age –0.190 0.069 7.663 0.006 0.827 0.723–0.946
General anesthesia 1.936 0.531 13.272 <0.001 6.930 2.446–19.637
Indications for cesarean section 36.526 <0.001
Placental abruption –1.609 0.575 7.821 0.005 0.200 0.065–0.618
Placental abruption with fetal distress 1.746 0.565 9.545 0.002 5.732 1.893–17.354
Umbilical cord prolapse –19.763 9659.744 <0.001 0.998 <0.001 <0.001
Umbilical cord prolapse with fetal distress 2.864 0.885 10.462 0.001 17.531 3.091–99.429
Severe obstetric complications –1.047 0.851 1.513 0.219 0.351 0.066–1.861
Severe obstetric complications with fetal distress 2.682 1.006 7.114 0.008 14.615 2.036–101.888
ORDI (min) 13.908 0.003
61–120 1.481 0.531 7.798 0.005 4.399 1.555–12.444
121–180 2.169 0.636 11.627 0.001 8.748 2.515–30.433
>180 1.931 0.681 8.042 0.005 6.899 1.816–26.215
constant 1.738 2.870 0.366 0.545 5.683

Abbreviations: OR, odds ratio; CI, confidence interval; ORDI, occurrence of risk factors of maternal or fetal
to delivery interval.

performance, with anAreaUnder the Curve (AUC) of 0.885
(Fig. 1).

4. Discussion
DDI was not an independent risk factor for low Apgar

score in this study. There is currently some controversy re-
gardingwhether the length of DDI affects neonatal outcome
[4]. Our study found that gestational age, general anesthe-
sia, ORDI, placental abruption with fetal distress, umbilical
cord prolapse with fetal distress, and other severe obstetric
complications with fetal distress were independent risk fac-
tors for low Apgar scores. These factors are not directly
related to DDI. ORDI was found to be an independent risk
factor affecting neonatal outcomes. ORDI is the sum of the
times for the ORDOI and DDI. Although birth weight was
significant in the univariate analysis, it was not included in
the finalmultivariatemodel because of its strong correlation
with gestational age. Gestational age was retained as it is a
more clinically fundamental indicator reflecting fetal matu-
rity. Shortening the ORDI time requires early identification
and timelymanagement of obstetric risk factors by pregnant
women and healthcare providers. Although DDI was not
directly related to neonatal outcomes in the present study,
it could affect ORDI, thereby indirectly affecting neonatal
outcomes [5,6].In addition, maternal metabolic conditions
such as gestational diabetes mellitus may also contribute to
adverse perinatal outcomes in emergency cesarean deliver-
ies [12].

Obstetric emergencies with fetal distress were found
to be independent risk factors for low Apgar scores. The
cases included in this study were all pregnant women re-
quiring emergency cesarean section, equivalent to the Class
I patients in emergency cesarean sections abroad [13]. The
indications for surgery included fetal distress, placental
abruption, placental abruption with fetal distress, umbili-

cal cord prolapse, umbilical cord prolapse with fetal dis-
tress, other severe obstetric complications (including pla-
centa previa with massive hemorrhage, impending uterine
rupture, uterine rupture, amniotic fluid embolism, eclamp-
sia, etc.), and other severe obstetric complications with fetal
distress. To study the impact of different surgical indica-
tions on neonatal outcomes, we used fetal distress as the
control group. Compared to the control group, we found
that isolated placental abruption, umbilical cord prolapse,
and other severe obstetric complications did not increase
the rate of neonatal asphyxia. However, the rate of neonatal
asphyxia was significantly higher if these conditions were
present in combination with fetal distress. Therefore, in
pregnant women with complications, fetal heart monitoring
should be performed to determine whether to initiate DDI.

Our study found that general anesthesia was an in-
dependent risk factor for low Apgar scores. Compared to
spinal anesthesia, general anesthesia was more likely to re-
sult in low Apgar scores in newborns (OR = 6.930, 95% CI:
2.446–19.637). These findings are consistent with those of
Bidon et al. [14,15] and Beckmann et al. [15,16]. Bidon
C et al. [16] conducted a study on 194 cases of emergency
cesarean sections, including 127 cases with spinal anesthe-
sia and 67 cases with general anesthesia. They concluded
that general anesthesia was an independent risk factor for
low Apgar scores at 5 minutes in newborns [16,17,18,19].
Beckmann et al. [15] conducted a retrospective study on
533 cases of emergency cesarean sections performed due
to fetal distress, including 81 cases with general anesthesia
and 452 cases with spinal anesthesia. The DDI during gen-
eral anesthesia was 8 minutes less than during spinal anes-
thesia (24.7 vs. 32.6 min; p < 0.001). Newborns with Ap-
gar scores of <7 at 5 minutes were more common in moth-
ers who received general anesthesia than in those who re-
ceived spinal anesthesia (aOR: 6.89; 95%CI: 1.79–26.55; p
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Fig. 1. ROC curve of the multivariate logistic regression model for predicting low Apgar score. The blue line represents the
performance of the model, with an Area Under the Curve (AUC) of 0.885. The red dashed line represents the reference line (AUC = 0.5).

= 0.005). Moreover, they were more likely to be transferred
to the NICU (aOR: 2.24; 95% CI: 1.16–4.31; p = 0.016).

Limitations

A limitation of this study was that the umbilical
cord blood pH values were not measured in all newborns.
The outcome of newborns was assessed solely by Ap-
gar score, which may have introduced some subjectivity
[20,21,22,23].

The retrospective nature of this study may have in-
troduced inherent selection bias. The data was collected
from January 2016 to December 2019. Given the long
study period, the impact of data timeliness is relevant.
Clinical practice, including obstetric guidelines, anesthe-
sia techniques, and neonatal resuscitation protocols, may
have changed since the study period, and hence our results
may not fully reflect the latest progress in emergency ob-

stetric care. However, the core factors identified in this
study—such as the impact of general anesthesia and the key
role of ORDI—remain fundamental principles in obstetric
management. Future prospective studies that include more
up-to-date data are needed to validate these findings within
the context of current clinical standards. In addition, ORDI
was analyzed as a categorical variable rather than a con-
tinuous variable in this study. The non-monotonic trend
in OR values across ORDI categories may reflect residual
confounding and the relatively limited sample size within
subgroups. Future studies with larger sample sizes should
consider modeling ORDI as a continuous variable using ap-
proaches such as restricted cubic splines.

In summary, the active identification of maternal and
fetal risk factors and the shortening of ORDI could improve
the outcome of newborns.

5

https://www.imrpress.com


5. Conclusions
This retrospective study identified several key factors

that influence the prognosis of newborns in emergency ce-
sarean section surgeries. Independent risk factors for low
Apgar scores included general anesthesia, specific surgi-
cal indications (particularly placental separation, umbilical
cord prolapse, and severe obstetric complications combined
with fetal distress), and the occurrence of risk factors of ma-
ternal or fetal to delivery interval (ORDI). Importantly, the
decision-to-delivery interval (DDI) showed no direct cor-
relation with neonatal asphyxia in this cohort, but it is an
important component of the overall ORDI. Therefore, in or-
der to optimize the prognosis of newborns, clinicians in the
obstetric field should focus on early identification of mater-
nal and fetal risk signals and work to strategically shorten
the ORDI. Moreover, the choice of anesthesia should be
more carefully weighed, as general anesthesia significantly
increases the risk of low Apgar scores compared to spinal-
epidural anesthesia. These results highlight the importance
of multidisciplinary coordination and rapid response plans
in emergency obstetric work, thereby reducing the occur-
rence of adverse neonatal events and ensuring the safety of
both mothers and infants.
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