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ABSTRACT 

Background: The choice of anesthetic technique for cesarean section remains a 

critical consideration due to potential impacts on neonatal well-being. This study 

aimed to compare immediate neonatal respiratory outcomes, specifically the 

incidence of neonatal apnea, between general anesthesia (GA) and spinal anesthesia 

(SA). 

Methods: We conducted a prospective observational cohort study at a tertiary 

academic medical center. Maternal and neonatal variables were collected for cesarean 

deliveries under GA or SA. The primary endpoint was the incidence of neonatal 

apnea. Secondary outcomes included respiratory distress, requirements for positive 

pressure ventilation (PPV), and NICU admission. Data were analyzed using SPSS 

26.0, employing chi-square, Mann-Whitney U tests, and multivariable binary logistic 

regression to adjust for potential confounders.  

Results: A total of 100 cases were analyzed. While neonatal apnea was numerically 

higher in the GA group (14% vs. 10% in SA), and PPV was required exclusively in 

neonates born under GA (p = 0.012), multivariable analysis demonstrated that 

anesthetic technique was not an independent predictor of neonatal apnea (OR 1.465, 

p = 0.538). Conversely, acute fetal compromise (OR 4.567, p = 0.024) and the 

primary indication for cesarean delivery (adjusted OR 7.03, p = 0.022) were identified 

as independent risk factors for neonatal apnea. No statistically significant differences 

were observed in umbilical arterial pH, Apgar scores, or NICU admission rates. 

Conclusion: Cesarean indication, especially acute fetal compromise, was the main 

determinant of neonatal apnea and early respiratory adaptation. Although positive 

pressure ventilation occurred more often after general anesthesia, anesthetic 

technique was not an independent predictor after adjustment. These findings suggest 

that underlying maternal–fetal conditions may influence neonatal respiratory 

outcomes more than the anesthetic method itself. 
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Introduction 

esarean section (CS) rates have increased 

markedly over the past three decades, rising from 

approximately 7% in 1990 to 21.1% in 2021 [1]. 

Projections indicate that the global rate may reach 28.5% 

by 2030, corresponding to nearly 38 million procedures 

annually [2]. Substantial regional variation persists, with 

reported rates ranging from 7.1% in sub-Saharan Africa 

to 63.4% in Eastern Asia [2]. 

Several factors have contributed to this upward trend, 

including increasing maternal age, elective cesarean 

delivery without clear medical indication, concerns 

regarding pelvic floor injury, and perceived safety 

benefits [3-4]. In many high-income countries, CS rates 

now exceed 30–50%, raising ongoing concerns about 

potential overuse and the broader medicalization of 

childbirth [5-6]. 

The choice of anesthetic technique for cesarean 

delivery has important implications for maternal and 

neonatal outcomes. Spinal anesthesia (SA) is the 

preferred approach in most settings [7-8], as it avoids 

airway manipulation, limits fetal exposure to anesthetic 

agents, reduces blood loss, and allows maternal 

awareness during birth [8-9]. It is also associated with 

lower maternal morbidity and mortality compared with 

general anesthesia, primarily due to fewer airway-related 

complications [7,9-10]. 

General anesthesia (GA) remains essential in obstetric 

practice, particularly for emergency cesarean delivery 

requiring rapid induction when spinal anesthesia is 

contraindicated (e.g., coagulopathy, sepsis, or 

hemodynamic instability) or when clinically indicated 

[11-12]. Although its use has declined from 50–60% in 

the 1980s to <10% in recent reports, GA is still required 

in approximately 5–15% of cases [13-14]. Reduced 

utilization may limit training opportunities in obstetric 

GA [14]. Advances in anesthetic pharmacology, 

including remifentanil, have further improved its 

maternal and neonatal safety profile [15]. 

Neonatal respiratory adaptation after cesarean delivery 

is a critical physiologic transition. Reported rates of 

neonatal apnea vary widely (2.8–27.1%), reflecting 

differences in populations, definitions, and timing of 

assessment [16-17]. Compared with vaginal delivery, 

cesarean birth, particularly in preterm infants or high-risk 

pregnancies, is associated with higher rates of transient 

tachypnea of the newborn and respiratory distress 

syndrome [17–19]. Nevertheless, evidence remains 

heterogeneous [18], and some studies report no 

significant effect of anesthetic technique on short-term 

neonatal outcomes in elective cesarean delivery [20-21]. 

The mechanisms through which anesthetic techniques 

may influence neonatal respiratory outcomes differ 

between general and spinal anesthesia. Under general 

anesthesia, placental transfer of anesthetic agents, such as 

barbiturates, opioids, and benzodiazepines, may 

contribute to neonatal respiratory depression, depending 

on drug properties and the interval between 

administration and delivery [22]. In contrast, spinal 

anesthesia avoids systemic drug exposure but may cause 

maternal hypotension due to sympathetic blockade, 

potentially reducing uteroplacental perfusion and fetal 

oxygenation [23–25]. However, recent randomized trials 

have reported mixed results, with some demonstrating 

comparable neonatal outcomes when modern anesthetic 

protocols are used [18,26]. 

Maternal characteristics are important determinants of 

neonatal outcomes after cesarean delivery. Advanced 

maternal age (≥35 years) has been associated with 

increased neonatal respiratory morbidity in some studies, 

although results remain inconsistent [27–29]. Maternal 

comorbidities such as diabetes mellitus, hypertension, 

and obesity have also been linked to higher rates of 

neonatal respiratory distress, independent of anesthetic 

technique [30–34]. However, the interaction between 

maternal risk factors and the choice of anesthesia remains 

incompletely understood. 

Despite extensive research, the comparative effects of 

spinal versus general anesthesia on neonatal respiratory 

outcomes, particularly neonatal apnea, remain uncertain. 

Some studies report higher rates of respiratory depression 

with general anesthesia, whereas others find no 

significant differences when modern anesthetic protocols 

are used [20-21,35–38]. 

This study compared general and spinal anesthesia for 

cesarean delivery, focusing on neonatal apnea and early 

respiratory outcomes. The primary objective was to 

determine the incidence of neonatal apnea in each group. 

Secondary objectives included assessment of respiratory 

distress, need for resuscitation, NICU admission, and the 

influence of maternal characteristics, gestational age, 

comorbidities, and obstetric history on neonatal 

outcomes. A clearer understanding of these associations 

may help guide anesthetic decision-making and optimize 

perinatal care. 

Methods 

This prospective observational cohort study was 

conducted over a three-month period (April–June 2026) 

at a tertiary academic medical center. The study 

compared immediate neonatal respiratory outcomes after 

cesarean delivery under general versus spinal anesthesia. 

Maternal and neonatal variables were collected 

concurrently at delivery to identify potential predictors of 

adverse respiratory events. The study is reported in 

accordance with the STROBE guidelines. 

The study was conducted at Imam Hossein Medical 

Center, a tertiary academic hospital and regional referral 

center for high-risk obstetric cases. The study population 

C 
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included pregnant women undergoing elective or 

emergency cesarean delivery who provided written 

informed consent. Participants received either general or 

spinal anesthesia, with the technique determined 

according to clinical indications rather than 

randomization. This approach reflects routine clinical 

practice, where anesthetic choice is influenced by factors 

such as delivery urgency, fetal status, maternal 

comorbidities, and anesthesiologist judgment. 

Participants were eligible if they had a gestational age 

of ≥37 weeks confirmed by last menstrual period or first-

trimester ultrasound, a singleton pregnancy, no known 

fetal anomalies, and American Society of 

Anesthesiologists (ASA) physical status II. 

Exclusion criteria included: (1) failed spinal anesthesia 

requiring repeat puncture or conversion to general 

anesthesia; (2) significant delay in anesthesia 

administration (>15 minutes from decision to anesthesia) 

or technical complications during induction;  

(3) contraindications to study medications or neuraxial 

anesthesia; (4) maternal substance use (alcohol, tobacco, 

or illicit drugs); (5) maternal medical or obstetric 

conditions likely to affect neonatal status, such as 

uncontrolled diabetes mellitus, severe preeclampsia, 

placental abnormalities, or intrauterine growth 

restriction; (6) Category 1 emergency cesarean delivery 

(Category 2–3 urgent procedures were included); and  

(7) maternal use of medications known to influence 

neonatal outcomes, including systemic corticosteroids, 

anticonvulsants, antithyroid agents, or other potentially 

fetotoxic drugs. 

The required sample size was 100 participants (50 in 

each anesthesia group). It was calculated using a standard 

formula for comparing two independent proportions, 

assuming a two-sided significance level of 0.05 and 80% 

statistical power. Expected neonatal apnea rates of 10% 

in the spinal anesthesia group and 30% in the general 

anesthesia group were based on findings reported by Anil 

et al. [38]. 

The anesthetic technique was selected according to 

clinical indication rather than randomization. In routine 

practice, this choice is influenced by factors such as 

delivery urgency, maternal preference, contraindications 

to neuraxial anesthesia, fetal status, and anesthesiologist 

judgment. Although this approach reflects real-world 

clinical practice and improves external applicability, it 

may introduce confounding by indication; therefore, 

differences in neonatal outcomes may partly reflect the 

clinical factors influencing anesthesia selection rather 

than the anesthetic technique itself. 

General anesthesia was induced with propofol (2 mg/kg 

IV) followed by succinylcholine (1–1.5 mg/kg IV) for 

rapid sequence intubation. Anesthesia was maintained 

with volatile agents (sevoflurane or isoflurane) or 

remifentanil-based total intravenous anesthesia 

according to institutional protocols. 

Neonatal apnea was assessed using a structured 

checklist and pulse oximetry during the immediate 

postnatal period. Apgar scores were recorded at 1, 5, and 

10 minutes using the standard scoring system by obstetric 

staff blinded to the anesthetic technique. Time to 

spontaneous breathing was measured with a digital 

stopwatch from delivery until regular respirations were 

established. 

Maternal hemodynamic variables were recorded at 

baseline, immediately before anesthesia administration, 

at 5-minute intraoperative intervals, and at delivery. 

Umbilical arterial and venous blood gas samples were 

obtained at birth to assess fetal acid–base status. 

Neonatal apnea was defined as the cessation of 

breathing for more than 10 seconds accompanied by 

cardiorespiratory compromise, including bradycardia 

(heart rate <100 beats/min) or oxygen desaturation (SpO2 

<90% on pulse oximetry). This definition was applied 

uniformly to ensure consistent outcome assessment. 

The primary independent variable was the anesthetic 

technique used for cesarean delivery, categorized as 

spinal anesthesia (intrathecal local anesthetic with or 

without adjunct agents) or general anesthesia (volatile-

based or total intravenous anesthesia). The primary 

outcome was neonatal apnea within the first hour of life, 

defined as cessation of breathing for ≥10 seconds 

accompanied by bradycardia (heart rate <100 beats/min) 

requiring clinical intervention. Secondary outcomes 

included Apgar scores at 1 and 5 minutes, early 

respiratory complications (need for supplemental 

oxygen, bag mask ventilation, or endotracheal 

intubation), and admission to the neonatal intensive care 

unit (NICU). 

Maternal and obstetric variables were collected as 

potential confounders. Maternal characteristics included 

age (years), weight (kg), height (cm), and body mass 

index (kg/m²). Obstetric history included gravidity, 

parity, and a history of prior preterm delivery. 

Intraoperative variables included duration of surgery 

(minutes, from skin incision to closure), the interval from 

skin incision to umbilical cord clamping (minutes), and 

maternal hemodynamic status, including severe 

hypotension (systolic blood pressure <90 mmHg or 

>20% decrease from baseline) and vasopressor use. 

Neonatal variables included gestational age (weeks), 

birth weight (g), and Apgar scores at 1, 5, and 10 minutes. 

Data were collected prospectively at the time of 

delivery from electronic medical records, anesthesia 

charts, and neonatal observation forms. Trained medical 

staff recorded all data according to standardized 

institutional protocols. The research team reviewed 

records for completeness and resolved discrepancies 

through additional chart verification. 

Statistical analyses were performed using SPSS version 

26.0 (IBM Corp., Armonk, NY, USA), with p <0.05 

considered statistically significant. Normality was 
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assessed using the Shapiro–Wilk test. Non-normally 

distributed continuous variables were summarized as 

median and interquartile range (IQR), and categorical 

variables as frequencies and percentages. The Mann–

Whitney U test compared continuous variables between 

anesthesia groups and between neonates with and without 

apnea.  

Categorical variables were analyzed using the Pearson 

chi-square or Fisher’s exact test when expected cell 

counts were <5. Binary logistic regression was used to 

identify independent predictors of neonatal apnea, 

adjusting for anesthesia type, maternal age, body mass 

index, surgical duration, cord clamping time, maternal 

hypotension, and obstetric history. Results were reported 

as adjusted odds ratios (aORs) with 95% confidence 

intervals (CIs). 

This study was conducted in accordance with the 

Declaration of Helsinki. The protocol was approved by 

the Research Ethics Committee of the School of 

Medicine, Shahid Beheshti University of Medical 

Sciences (ethics code: IR.SBMU.MSP.REC.1405.029). 

Written informed consent was obtained from all 

participants before enrollment after providing 

information about the study objectives, procedures, 

potential risks and benefits, and the right to withdraw at 

any time without affecting medical care. For participants 

unable to provide consent directly, consent was obtained 

from legally authorized representatives in accordance 

with applicable regulations. 

Participant confidentiality was strictly maintained. 

Personal identifiers were stored separately from research 

data in secure, password-protected databases accessible 

only to authorized research team members. All analyses 

were performed using coded identifiers to ensure 

anonymity.  

Results 

A total of 100 pregnant women undergoing cesarean 

delivery were enrolled and allocated to spinal anesthesia 

(SA, n=50) or general anesthesia (GA, n=50). Complete 

data were available for all participants, with no missing 

values in the analyzed variables.  

Maternal age was evaluated as a potential predictor of 

neonatal apnea. Because the distribution of age deviated 

from normality in the spinal anesthesia group, a non-

parametric comparison was performed.  

Median maternal age was 32.0 years (IQR: 9; range: 

23–42) in the spinal anesthesia group and 31.0 years 

(IQR: 7; range: 24–39) in the general anesthesia group, 

with no significant difference between groups (Mann–

Whitney U=1128.0, Z=−0.843, p=0.399). In univariate 

logistic regression, maternal age was not a significant 

predictor of neonatal apnea (OR: 0.953; 95% CI: 0.866–

1.050; p=0.334), indicating no meaningful association 

within the studied age range (Table 1).  

Maternal anthropometric variables were comparable 

between anesthetic groups. Median pre-pregnancy 

weight was 72.0 kg (IQR: 62.5–71.5) in the spinal 

anesthesia group and 71.0 kg (IQR: 64.0–76.0) in the 

general anesthesia group (p=0.605). At delivery, median 

maternal weight was 88.0 kg (IQR: 82.0–93.0) in the SA 

group and 88.5 kg (IQR: 78.0–96.0) in the GA group 

(p=0.698). Median gestational weight gain was 13.0 kg 

(IQR: 8.0–17.0) in both groups (p=0.456). 

Median maternal height was 165.0 cm (IQR: 160.0–

171.0) in SA and 164.0 cm (IQR: 158.0–170.0) in GA 

(p=0.289). Body mass index was 30.64 kg/m² (IQR: 

27.46–33.31) in SA and 32.25 kg/m² (IQR: 28.79–34.33) 

in GA (p=0.281). None of these anthropometric variables 

were significantly associated with neonatal apnea in 

univariate analysis (all p>0.05). 

Obstetric history included gravidity and parity. In the 

overall cohort, median gravidity was 2.0 (mean: 2.30, 

range: 1–4): 33% gravida 1, 25% gravida 2, 21% gravida 

3, and 21% gravida 4. Median parity was 0 (mean: 0.72, 

range: 0–3): 57% were nulliparous, 19% with one prior 

delivery, 19% with two, and 5% with three. Gravidity 

distribution differed between anesthetic groups 

(χ²=10.356, df=3, p=0.016; Cramér’s V=0.322), with 

more gravida 3 women in the spinal anesthesia group 

(34% vs. 8%). 

Table 1- Baseline Maternal Characteristics by Anesthesia Type. 

Variable Spinal Anesthesia (n=50) General Anesthesia (n=50) P value* 

Maternal age (years) 32.0 (29.0–35.0) 31.0 (28.0–34.0) 0.399 

Pre-pregnancy weight (kg) 72.0 (65.0–79.0) 71.0 (63.0–78.0) 0.605† 

Weight at delivery (kg) 88.0 (80.0–96.0) 88.5 (81.0–97.0) 0.698† 

Gestational weight gain (kg) 13.0 (10.0–17.0) 13.0 (9.0–18.0) 0.456† 

Maternal height (cm) 165.0 (161.0–169.0) 164.0 (160.0–168.0) 0.289† 

BMI (kg/m²) 30.6 (28.2–33.5) 32.3 (29.8–35.1) 0.281† 

Gravida, median (IQR) 2.0 (1.0–3.0) 2.0 (1.0–3.0) 0.016‡ 

Para, median (IQR) 0.0 (0.0–1.0) 1.0 (0.0–2.0) 0.235‡ 

Education level (secondary/higher) 28/22 30/20 0.860§ 

Chronic disease, n (%) 10 (20.0) 9 (18.0) 0.799§ 

Maternal medication use, n (%) 6 (12.0) 6 (12.0) 1.000§ 
IQR, interquartile range (Q1–Q3); BMI, body mass index; * P value from Mann–Whitney U test (†), Pearson’s chi-squared test (§), or Fisher’s 

exact test (‡) as appropriate; statistical significance set at p < 0.05. 
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Parity distribution was similar between groups 

(χ²=4.253, df=3, p=0.235). In univariate logistic 

regression, neither gravidity (OR: 1.286; 95% CI: 0.781–

2.117; p=0.322) nor parity (OR: 0.709; 95% CI: 0.378–

1.330; p=0.284) predicted neonatal apnea. 

Maternal educational attainment was categorized as 

diploma or lower (55%), bachelor’s degree (29%), and 

PhD or higher (16%). Educational distribution was 

similar between anesthetic groups (χ²=0.303, df=2, 

p=0.860; Cramér’s V=0.055). In the spinal and general 

anesthesia groups, respectively, 56% vs. 54% had 

diploma-level or lower education, 30% vs. 28% held 

bachelor’s degrees, and 14% vs. 18% had PhD or higher 

qualifications. In univariate logistic regression, maternal 

education level was not a significant predictor of neonatal 

apnea (overall χ²=3.558, df=2, p=0.169; bachelor vs. 

diploma: OR 0.311, 95% CI 0.092–1.055, p=0.061; PhD 

or higher vs. diploma: OR 0.868, 95% CI 0.249–3.022, 

p=0.823). 

Nineteen percent of participants (n=19) reported a 

history of chronic disease, with similar prevalence 

between anesthetic groups (18% in SA vs. 20% in GA; 

χ²=0.065, p=0.799). The most common conditions were 

respiratory disease (5%), hypothyroidism (4%), 

gestational diabetes mellitus (4%), and 

hypertension/pregnancy-induced hypertension (3%); 

fewer participants had type 1 diabetes (2%) or type 2 

diabetes (1%). The distribution of specific conditions did 

not differ significantly between groups (χ²=4.546, 

p=0.603). In univariate logistic regression, maternal 

chronic disease was not associated with neonatal apnea 

(OR: 1.124; 95% CI: 0.485–2.604; p=0.765). Specific 

disease types and medication use during pregnancy (12% 

of participants) were also not significant predictors of 

neonatal respiratory outcomes. 

All pregnancies were term or near term (37–40 weeks). 

As gestational age was not normally distributed, non-

parametric analysis was applied. Median gestational age 

was 38.0 weeks (IQR: 37.0–38.0) in the spinal anesthesia 

group and 39.0 weeks (IQR: 38.0–39.0) in the general 

anesthesia group (overall median: 38.5 weeks), with no 

significant between-group difference (Mann–Whitney 

U=1045.0, Z=−1.545, p=0.122). In univariate logistic 

regression, gestational age was not a significant predictor 

of neonatal apnea (OR: 1.060; 95% CI: 0.453–2.478; 

p=0.893). 

Neonatal birth weight, length, and head circumference 

were measured immediately after delivery and compared 

between anesthetic groups. As all variables were non-

normally distributed, non-parametric tests were used. 

Median birth weight was 2994.3 g (IQR: 430.4) in the 

spinal anesthesia group and 2887.7 g (IQR: 374.9) in the 

general anesthesia group (Mann–Whitney U=1173.0, 

Z=−0.531, p=0.596). Median neonatal length was 51.0 

cm (IQR: 2.0) in both groups (Mann–Whitney U=1236.0, 

Z=−0.102, p=0.919), and median head circumference 

was 35.0 cm (IQR: 1.0 vs. 1.1) in the spinal and general 

anesthesia groups, respectively (Mann–Whitney 

U=1216.5, Z=−0.243, p=0.808). In univariate logistic 

regression, birth weight (OR: 1.000; 95% CI: 0.999–

1.002; p=0.736), length (OR: 0.829; 95% CI: 0.563–

1.221; p=0.343), and head circumference (OR: 1.111; 

95% CI: 0.687–1.798; p=0.668) were not significant 

predictors of neonatal apnea. 

Cesarean indications were classified as elective (77%), 

acute fetal compromise (11%), or maternal 

decompensation (12%). Their distribution was similar 

between anesthetic groups (χ²=0.437, df=2, p=0.804; 

Cramér’s V=0.066), with elective procedures accounting 

for 76% of cases in the spinal group and 78% in the 

general anesthesia group. In univariate logistic 

regression, cesarean delivery indication was a significant 

predictor of neonatal apnea (χ²=6.476, df=2, p=0.039). 

Compared with elective cesarean delivery, acute fetal 

compromise was associated with a 4.6-fold increase in 

the odds of neonatal apnea (OR: 4.567; 95% CI: 1.217–

17.145; p=0.024), whereas maternal decompensation 

showed a non-significant trend toward increased risk 

(OR: 2.971; 95% CI: 0.789–11.182; p=0.107). 

The median time from skin incision to umbilical cord 

clamping was 3.86 minutes (IQR: 2.19–4.74) in the 

spinal anesthesia group and 4.20 minutes (IQR: 2.32–

6.08) in the general anesthesia group, with no significant 

difference between groups (Mann–Whitney U=1162.0, 

Z=−0.607, p=0.544). In univariate logistic regression, 

this interval was not a significant predictor of neonatal 

apnea (OR: 1.031; 95% CI: 0.763–1.394; p=0.841). 

Severe maternal hypotension requiring vasopressor 

administration occurred in 27% of cases (n=27), with 

similar prevalence in the spinal and general anesthesia 

groups (22% vs. 32%; χ²=1.268, df=1, p=0.260; Cramér’s 

V=0.113). In univariate logistic regression, severe 

hypotension was not associated with neonatal apnea (OR: 

0.928; 95% CI: 0.340–2.528; p=0.883). 

Neonatal apnea occurred in 12% of the cohort 

(n=12/100). Incidence was 10% in the spinal anesthesia 

group (n=5/50) and 14% in the general anesthesia group 

(n=7/50). This difference was not statistically significant 

(χ²=0.379, df=1, p=0.538; Cramér’s V=0.062; Fisher’s 

exact test p=0.760).  

The odds ratio was 1.465 (95% CI: 0.432–4.969), 

indicating no significant association between anesthetic 

modality and neonatal apnea (Table 2,3). Active neonatal 

resuscitation was required in 2 of 100 neonates (2.0%). 

The distribution was identical between groups, with one 

case in the spinal anesthesia group and one in the general 

anesthesia group (χ²=0.000, p=1.000; Phi=0.000). The 

odds ratio was 1.000 (95% CI: 0.061–16.444), indicating 

no difference in resuscitation requirements between 

anesthetic techniques. Fisher’s exact test likewise 

showed no association (p=1.000, two-tailed), consistent 

with the rarity of this outcome. 
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Table 2- Neonatal Baseline Characteristics and Intraoperative Parameters by Anesthesia Type. 

Variable Spinal Anesthesia (n=50) General Anesthesia (n=50) P value* 

Neonatal baseline 
   

Gestational age at delivery (weeks) 38.0 (37.0–39.0) 39.0 (38.0–40.0) 0.122† 

Birth weight (g), mean ± SD 2994.3 ± 487.2 2887.7 ± 521.8 0.596† 

Neonatal length (cm) 51.0 (50.0–52.0) 51.0 (50.0–52.0) 0.919† 

Head circumference (cm) 35.0 (34.0–36.0) 35.0 (34.0–36.0) 0.808† 

Intraoperative parameters 
   

Skin-to-delivery time (min), median (IQR) 3.86 (3.2–4.5) 4.20 (3.5–4.9) 0.544† 

Umbilical artery pH, mean ± SD 7.2725 ± 0.0451 7.2671 ± 0.0468 0.255† 

Severe maternal hypotension, n (%) 11 (22.0) 16 (32.0) 0.260§ 

Cesarean indication, n (%) 
  

0.804§ 

— Elective 39 (78.0) 38 (76.0) 
 

— Acute fetal compromise 6 (12.0) 5 (10.0) 
 

— Maternal decompensation 5 (10.0) 7 (14.0) 
 

SD, standard deviation; IQR, interquartile range (Q1–Q3); * P value from Mann–Whitney U test (†) or Pearson’s chi-squared test (§); statistical 

significance set at p < 0.05. 

Table 3- Neonatal Respiratory Outcomes and Secondary Measures by Anesthesia Type. 

Outcome 
Spinal Anesthesia 

(n=50) 

General Anesthesia 

(n=50) 

Total 

(N=100) 
P value* 

Primary outcome 
    

Neonatal apnea, n (%) 5 (10.0) 7 (14.0) 12 (12.0) 0.538§ 

Secondary outcomes 
    

Apgar score at 1 min, median 

(IQR) 

8.0 (7.0–9.0) 8.0 (7.0–9.0) — >0.050† 

Apgar score at 5 min, median 

(IQR) 

9.0 (9.0–10.0) 9.0 (8.0–10.0) — >0.050† 

Apgar score at 10 min, median 

(IQR) 

10.0 (9.0–10.0) 10.0 (9.0–10.0) — >0.050† 

Respiratory distress, n (%) 8 (16.0) 3 (6.0) 11 (11.0) 0.110§ 

Active neonatal resuscitation, n 

(%) 

1 (2.0) 1 (2.0) 2 (2.0) 1.000‡ 

Positive pressure ventilation, n 

(%) 

0 (0.0) 6 (12.0) 6 (6.0) 0.012*§ 

Immediate NICU admission, n 

(%) 

4 (8.0) 3 (6.0) 7 (7.0) 0.695§ 

**NICU, neonatal intensive care unit; IQR, interquartile range (Q1–Q3); * P value from Mann–Whitney U test (†), Pearson’s chi-squared test (§), 

or Fisher’s exact test (‡); p < 0.05 (statistically significant); statistical significance set at α = 0.05. 

Immediate admission to the neonatal intensive care unit 

(NICU) occurred in 7 of 100 neonates (7.0%), including 

4 cases in the spinal anesthesia group (8.0%) and 3 cases 

in the general anesthesia group (6.0%). This difference 

was not statistically significant (χ²=0.154, p=0.695; 

Phi=0.039). The odds ratio was 0.734 (95% CI: 0.156–

3.462), indicating no meaningful difference in NICU 

admission rates between anesthetic techniques. Fisher’s 

exact test likewise confirmed the absence of a significant 

association (p=1.000, two-tailed). 

Cyanosis or pallor during apneic episodes occurred in 

12 of 100 neonates (12.0%), with a slightly higher 

prevalence in the general anesthesia group (7/50, 14.0%) 

compared to the spinal anesthesia group (5/50, 10.0%). 

This difference was not statistically significant (χ²=0.379, 

p=0.538; Phi=0.062). The odds ratio was 1.465 (95% CI: 

0.432–4.969), showing no significant association 

between anesthetic technique and skin color changes 

during apnea. Fisher’s exact test confirmed this lack of 

statistical significance (p=0.760, two-tailed). 

Physical stimulation was required in 13 of 100 neonates 

(13.0%), including 5 cases in the spinal anesthesia group 

(10.0%) and 8 cases in the general anesthesia group 

(16.0%). This difference was not statistically significant 

(χ²=0.796, p=0.372; Phi=0.089). The odds ratio was 

1.714 (95% CI: 0.520–5.657), indicating no meaningful 

difference between groups in the use of physical 

stimulation. Fisher’s exact test likewise showed no 

significant association (p=0.554, two-tailed). 

Supplemental oxygen was administered to 13 of 100 

neonates (13.0%), including 5 cases in the spinal 

anesthesia group (10.0%) and 8 cases in the general 

anesthesia group (16.0%). This distribution mirrored that 

observed for physical stimulation and did not differ 

significantly between groups (χ²=0.796, p=0.372; 

Phi=0.089). The odds ratio was 1.714 (95% CI: 0.520–



Archives of Anesthesiology and Critical Care (In Press); x(x): xx-xx.  7 

5.657), indicating no clinically meaningful difference 

between anesthetic techniques. Fisher’s exact test 

similarly confirmed the absence of a significant 

association (p=0.554, two-tailed). Positive pressure 

ventilation (PPV) was administered to 6 of 100 neonates 

(6.0%). All cases occurred in the general anesthesia 

group, while no neonates in the spinal anesthesia group 

required PPV. This difference was statistically significant 

(χ²=6.383, p=0.012; Phi=0.253; likelihood ratio=8.701, 

p=0.003). Fisher’s exact test likewise confirmed a 

significant association between anesthetic technique and 

the need for PPV (p=0.027, two-tailed), making PPV the 

only intervention that differed significantly between 

groups. Several variables generated extremely large odds 

ratios during regression analysis due to sparse data and 

quasi-complete separation. To preserve model stability 

and avoid unreliable estimates, these variables were 

excluded from the final multivariable model. The wide 

confidence intervals observed for some predictors 

indicate limited precision of the effect estimates, which 

is likely attributable to the relatively small number of 

apnea events in the study population. Variables with 

p < 0.20 in univariate analysis, together with factors 

considered clinically relevant based on prior evidence, 

were entered into the multivariable logistic regression 

model using the enter method. In the adjusted analysis, 

cesarean delivery indication remained independently 

associated with neonatal apnea (adjusted OR = 7.03; 95% 

CI: 1.32–37.42; p = 0.022), confirming that obstetric 

factors contributed more strongly to apnea risk than 

anesthetic technique. In contrast, anesthesia type, 

maternal age, body mass index, gravidity, gestational 

age, amniotic fluid status, intraoperative hypotension, 

and the 1-minute Apgar score were not significant 

predictors in the multivariable model (Table 4). 

Discussion 

The primary objective of this study was to compare the 

effects of general anesthesia (GA) and spinal anesthesia 

(SA) on the incidence of neonatal apnea and early 

respiratory adaptation following term cesarean delivery. 

The main finding was that anesthetic technique was not 

significantly associated with neonatal apnea in logistic 

regression analysis (OR 1.465; p=0.538). In contrast, 

cesarean delivery indication, particularly acute fetal 

compromise, emerged as a major determinant of neonatal 

apnea. Neonates delivered because of acute fetal 

compromise had approximately 4.6-fold higher odds of 

apnea than those delivered electively (OR 4.567; 95% CI 

1.217–17.145; p=0.024), and cesarean indication 

remained independently associated with apnea after 

multivariable adjustment. Although the incidence of 

apnea was numerically higher in the GA group (14%) 

than in the SA group (10%), and positive pressure 

ventilation (PPV) was required only among GA-exposed 

neonates (p=0.012), significant differences in Apgar 

scores, umbilical arterial pH, or NICU admission rates 

did not accompany these differences. Overall, these 

findings suggest that in a standardized term cesarean 

population, underlying maternal–fetal physiological 

conditions may have a greater influence on immediate 

neonatal respiratory adaptation than the choice of 

anesthetic technique. Our findings are consistent with 

those of the recent 2026 meta-analysis by Langer et al., 

which included 36 randomized controlled trials involving 

3,456 neonates. The authors reported that although 

regional anesthesia was associated with slightly higher 

Apgar scores at one and five minutes, the absolute 

differences were small (+0.58 and +0.09 points) and did 

not translate into significant differences in NICU 

admission rates (RR 0.75; 95% CI 0.46–1.21) [18]. 

Similarly, our study showed a trend toward higher perfect 

Apgar scores in the spinal anesthesia group at five and 

ten minutes. Still, these differences were not statistically 

significant, suggesting limited clinical impact of 

anesthetic choice in elective settings. In addition, 

umbilical arterial pH did not differ significantly between 

groups in our cohort (mean difference 0.0054; p=0.255), 

consistent with meta-analytic evidence indicating 

comparable neonatal acid–base status between anesthetic 

techniques. Comparable findings were reported by Anıl 

İçel Saygı et al., whose randomized trial showed slightly 

better early Apgar scores with spinal anesthesia but 

overall similar neonatal well-being between techniques 

[38].

Table 4- Logistic Regression Analysis: Independent Predictors of Neonatal Apnea 

Variable Unadjusted OR (95% CI) P value Adjusted OR (95% CI)ᵃ P value 

Anesthesia type (General vs. Spinal) 1.465 (0.528–4.062) 0.538 — — 

Acute fetal compromise vs. elective 4.567 (1.217–17.145) 0.024* 7.03 (1.32–37.42) 0.022* 

Maternal decompensation vs. elective 2.180 (0.612–7.765) 0.232 — — 

Maternal age (per year) 0.953 (0.866–1.050) 0.334 — — 

BMI (per unit) 1.087 (0.958–1.233) 0.201 — — 

Gestational age (per week) 0.891 (0.621–1.278) 0.528 — — 

Severe maternal hypotension 1.628 (0.571–4.639) 0.359 — — 
OR, odds ratio; CI, confidence interval; — indicates a variable not retained in the final adjusted model; ᵃ The adjusted model includes anesthesia 

type, maternal age, BMI, cesarean indication (acute fetal compromise), gestational age, and severe maternal hypotension; * p < 0.05 (statistically 

significant). Model fit statistics: Omnibus test χ² = 11.634, df = 10, p = 0.310; Hosmer-Lemeshow χ² = 6.375, df = 8, p = 0.605 (good model fit); 

Cox & Snell R² = 0.110; Nagelkerke R² = 0.211; Overall classification accuracy = 89.0%.
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However, the Langer meta-analysis also identified a 

modest reduction in neonatal respiratory support with 

regional anesthesia, suggesting that subtle respiratory 

advantages of neuraxial techniques may emerge in larger 

pooled datasets, even if not detected in our cohort [18]. 

Discordant findings reported in larger observational 

studies require careful interpretation. For example, the 

seven-year retrospective analysis by Shi et al. reported 

substantially higher rates of 1-minute Apgar scores <7 

(10.4% in GA vs. 0.7% in epidural) and NICU admission 

(23.1% vs. 2.9%) [19]. However, these differences likely 

reflect variations in study populations and clinical 

context. The Shi cohort included a high proportion of 

Category 1 emergency cesarean deliveries, in which GA 

is frequently selected because of its rapid induction in 

situations of acute maternal or fetal compromise. In such 

cases, neonatal outcomes may be strongly influenced by 

the underlying pathology, such as cord prolapse or 

placental abruption, and by prolonged decision-to-

delivery intervals, both of which independently increase 

the risk of neonatal depression. Similarly, Kinsella et al. 

reported that in the United Kingdom, GA is commonly 

used for the most urgent cesarean deliveries, accounting 

for approximately 51% of Category 1 cases [11]. 

Although that study primarily described national 

anesthesia practice patterns rather than neonatal 

outcomes, it provides important context for 

understanding why GA is often used in the highest-risk 

clinical scenarios. By focusing on a more controlled 

population with short induction to delivery intervals  

(<5 minutes in GA cases), our study aimed to better 

isolate the effect of anesthetic technique, and no 

significant difference in neonatal apnea was observed 

between groups. The present analysis demonstrates that 

cesarean delivery indication, particularly acute fetal 

compromise, has a substantial and independent 

association with neonatal apnea. This finding highlights 

the dominant influence of fetal condition and the 

intrauterine environment over perioperative 

pharmacologic exposure. Neonates delivered for acute 

fetal compromise may already have experienced 

metabolic stress, placental insufficiency, or intrauterine 

hypoxemia before surgical delivery. In such 

circumstances, the rapid airway control and expedited 

delivery achievable with GA may be advantageous, 

provided that the interval from induction to delivery is 

minimized to limit fetal drug exposure. The mechanisms 

of GA-related neonatal respiratory depression are well 

recognized: agents such as propofol and volatile 

anesthetics readily cross the placenta and can transiently 

depress neonatal respiratory drive and muscle tone 

[16,35,38]. This likely explains why all neonates 

requiring positive pressure ventilation (PPV) in our 

cohort were in the GA group (p=0.012). These events 

likely reflected transient pharmacologic effects that were 

effectively managed with routine resuscitation and did 

not result in increased NICU admissions or evidence of 

sustained morbidity. The absence of labor-related 

physiological adaptations in elective cesarean delivery 

may contribute to neonatal respiratory morbidity 

regardless of anesthetic technique [16,39]. As described 

by Yeganegi et al., the lack of vaginal compression and 

labor-associated catecholamine surges results in delayed 

lung fluid clearance and surfactant release, predisposing 

neonates to transient tachypnea of the newborn (TTN) 

and respiratory distress syndrome (RDS) [16]. Maternal 

labor pain normally triggers increased catecholamine 

levels-particularly norepinephrine and epinephrine-

which promote fetal lung fluid absorption through 

activation of epithelial sodium channels (ENaC). When 

delivery occurs without labor, this physiological 

mechanism is absent [16]. Gestational age also plays an 

important modifying role. Hansen et al. reported that 

neonates delivered by cesarean section at 37 weeks have 

nearly a fourfold higher risk of respiratory morbidity 

compared with those intended for vaginal delivery (OR 

3.9), a risk that decreases as gestation approaches 39 

weeks (OR 1.9) [39]. Although all deliveries in our study 

occurred at term (median 38.5 weeks), the overall apnea 

rate of 12% may reflect the elevated baseline risk 

associated with cesarean delivery without preceding 

labor. Maternal comorbidities, including gestational 

diabetes mellitus, may further increase the risk of 

neonatal respiratory complications [30]. These findings 

have important implications for anesthesiologists and 

perioperative physicians. Although spinal anesthesia 

remains the preferred first-line technique because of its 

favorable maternal profile, including faster postoperative 

recovery, earlier return of bowel function, and improved 

postoperative analgesia, general anesthesia should not be 

considered inherently harmful to the neonate in elective 

cesarean deliveries [38]. Our results suggest that GA 

represents a safe and reasonable alternative when 

neuraxial anesthesia is contraindicated, declined by the 

patient, or unsuccessful [38]. In addition, the absence of 

a significant association between maternal hypotension 

and neonatal apnea in the SA group (OR 0.928; p=0.883) 

likely reflects contemporary hemodynamic management 

strategies. Current obstetric anesthesia practice 

emphasizes proactive prevention and treatment of 

hypotension through vasopressor therapy (e.g., 

phenylephrine or ephedrine) and appropriate fluid 

administration to maintain uteroplacental perfusion 

[9,13]. These measures help mitigate the physiological 

consequences of sympathetic blockade.  

Importantly, anesthetic technique was not 

independently associated with neonatal apnea after 

adjustment for confounders. In contrast, cesarean 

delivery indication remained independently associated 

with apnea, suggesting that the underlying maternal–fetal 

condition necessitating delivery may be a more important 

determinant of neonatal respiratory adaptation than the 
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anesthetic technique itself. This study has several 

strengths. Its prospective design and the use of binary 

logistic regression allowed adjustment for clinical 

indications and helped reduce potential confounding. In 

addition, the relatively homogeneous cohort, consisting 

exclusively of term singleton pregnancies at a single 

academic center, reduced variability related to 

institutional practices and extreme prematurity. 

Several limitations should be considered when 

interpreting these findings. First, the sample size of 100 

deliveries (50 per group) may have limited the ability to 

detect small independent effects of anesthesia type on 

neonatal outcomes. Because only 12 apnea events 

occurred, the precision and stability of multivariable 

estimates were limited, as reflected by relatively wide 

confidence intervals for several predictors; therefore, the 

regression results should be interpreted cautiously.  

Nevertheless, the significant association observed for 

fetal compromise suggests that the study retained 

sufficient power to detect clinically meaningful effects. 

Second, the prospective observational, single-center 

design may limit generalizability to institutions with 

different patient populations or neonatal resuscitation 

protocols. Third, although umbilical arterial pH was 

measured, detailed metabolic parameters such as base 

excess were not available, which could have provided 

additional insight into the severity of intrauterine 

acidosis. Finally, long-term neonatal 

neurodevelopmental outcomes and maternal satisfaction 

were not evaluated, preventing a more comprehensive 

assessment of the broader clinical implications of the 

anesthetic techniques.  

Conclusion 

In conclusion, anesthetic technique (general versus 

spinal) was not an independent determinant of immediate 

neonatal apnea in elective term cesarean delivery. 

Instead, acute fetal compromise emerged as the primary 

predictor of impaired early respiratory adaptation, 

underscoring the influence of underlying maternal–fetal 

conditions. While spinal anesthesia remains the preferred 

approach because of its established maternal benefits, 

general anesthesia remains an appropriate alternative 

when neuraxial techniques are contraindicated or not 

feasible. Future multicenter studies with larger cohorts 

and incorporation of fetal metabolic biomarkers may 

further clarify anesthetic decision-making in higher-risk 

obstetric populations. 
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