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ABSTRACT
Objective
To evaluate whether there is a difference in immediate neonatal outcomes with general anesthesia (GA) vs. regional anesthesia (RA) when induction of anesthesia to delivery time (IADT) is prolonged (≥10 minutes).
Design
This is a retrospective case-control study that used propensity score (PS) matching for baseline characteristics. 
Settings
University of Maryland Medical Center (UMMC) Complex Obstetric Surgery registry (COSR).
Methods
We reviewed all singleton pregnancies delivered between 24 and 42 weeks of gestation with IADT ≥ 10 minutes from July 2014 until August 2020. Analyses were performed with SAS software version 9.4.
Main outcome measures
Umbilical cord blood gasses, Apgar scores, neonatal intensive care unit admission (NICU).
Results
During the study period, we identified 258 cases meeting inclusion criteria. After the PS matching was applied, the study sample was reduced to 60 cases in each group. The median IADT was similar between groups [41.5m (30.5,52) vs. 46m (38-53.5), p=0.2]. 
There was no significant difference between groups with respect to arterial cord pH [7.24 (7.21,7.26) vs. 7.23 (7.2,7.27), p=0.7]. Nor were there any associations between maternal characteristics and Apgar score at 5 minutes except Apgar score at 1 minute (p<0.001). No significant difference was identified in the rate of admission to NICU [11 (52.4) vs. 10 (47.60], p=0.8] or NICU length of stay between GA vs. RA [4(3-14) vs. 4.5(3-11), p=0.9].
Conclusions
Our data indicate that even with prolonged IADT, favorable neonatal outcomes are seen with both GA and RA, in contrast with previous studies performed decades ago. 

Tweetable abstract: Favorable outcomes are seen with both general and regional anesthesia, even when anesthesia to delivery time is prolonged.


















Introduction
Cesarean delivery (CD), the most common major surgical procedure performed in U.S.(1), and its rate increased by almost 70% over the last 25 years (1995-2019)(2). The current CD rate of 31.7%(2) is unlikely to decrease significantly(3). Thus, the emphasis should be instead placed on improving the safety and efficacy of the CD. Anesthesia management is a critical aspect of the procedure. 
With advances in modern anesthesia techniques, training, and obstetric anesthesia coverage, maternal mortality has decreased 7-fold over the same time course (1997-2017)(4, 5). While regional anesthesia (RA) is considered the preferred method of analgesia(6), there are cases when RA fails, is contraindicated, or in which general anesthesia (GA) might be preferred or even necessary(6). While previous studies have reported increased maternal(7) and fetal(8) mortality rates with GA, more recent studies have reported no difference(9, 10) with the initiation of anesthesia to delivery time (IADT) ≤10 minutes. One caveat is that in GA, IADT is typically shorter than with RA. With recent increases in the prevalence of complex obstetric surgeries (COS) due to placenta accreta spectrum, super obesity(11), and high order cesarean sections, the IADT might be prolonged. 
Given that previous studies often do not report IADT(10), it is unclear whether, with modern anesthesia, prolonged IADT results in an increased neonatal mortality as previously described(12).
Our objective was to evaluate the difference in immediate neonatal outcomes with GA vs. RA in those cases in which IADT is prolonged (≥10 minutes)(13). In general, previous studies evaluated only perinatal and immediate postnatal parameters metrics such as Apgar scores and umbilical cord blood gases (UCBG)(14). Therefore, we assessed the rate of neonatal intensive care unit (NICU) admissions and the NICU length of stay (LOS) to capture neonatal outcomes after resuscitation. Additionally, as the neonatal condition at delivery is not a simple reflection of delivery and type of anesthesia(15), our study uses a propensity score matching to adjust for baseline confounders.
We hypothesized that there is no difference in the neonatal outcome regardless of the length of IADT. 
Methods
This is a retrospective case-control study. The Institutional Review Board at the University of Maryland, Baltimore, approved the study under the protocol HP-00079290. The article was prepared following Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines(16). 
We reviewed all deliveries from the University of Maryland Medical Center (UMMC) Complex Obstetric Surgery registry (COSR)(17) from July 2014 until August 2020. An increased IADT is common in COS cases such as placenta accreta spectrum disorder cases in which cystoscopy and bilateral ureteral stent placement are performed preceding abdominal entry. Other examples include high order repeat cesarean sections (>4), prior complex laparotomies (some performed bladder reconstruction, prior bowel resections), or a combination of prior abdominal or pelvic surgery and super obesity. These cases are challenging and require a more meticulous surgical entry, often resulting in a prolonged IADT (the time from the start of the intubation to delivery or from the time of completion of RA to delivery was defined as IADT). We included singleton pregnancies delivered between 24 and 42 weeks of gestation with IADT ≥ 10 minutes. Urgent deliveries, those who received RA for labor pain management, and cases with fetal anomalies and cases with insufficient data were excluded. 
Data management
Data were collected and entered into Research Electronic Data Capture (REDCap)(18, 19), hosted at the University of Maryland, Baltimore. REDCap is a secure, web-based software platform designed to support data capture for research studies.
Anesthesia procedures
The selection of GA vs. RA for COSR cases reflects the evolution in institutional practice over time. Cases performed early in the study period study were performed under GA, with a subsequent transition to RA. To a lesser extent, the decision was influenced by obstetrical anesthesiologist's preference. By and large, RA entailed combined spinal-epidural anesthesia. Intermittent or continuous phenylephrine infusions are routinely used to maintain normotension during RA. For RA, IADT was measured from the time regional anesthetic was administered to the time when the neonate was delivered. For GA, IADT was measured from the time induction of anesthesia completed to the time when the neonate was delivered.
NICU team attendance for the delivery
Every cesarean delivery requires a NICU team present for the delivery. The team includes a respiratory therapist, a registered nurse, a neonatal-perinatal medicine fellow (NPF) or an advanced practice practitioner (APP), and often a resident. For deliveries where the infant is expected to be depressed or need additional support, there may be additional personnel. Neonatologist attendings are also present for the most complicated deliveries or at the request of the NPF or APP. 
Criteria for NICU admissions
For analysis of NICU admissions, we excluded pregnancies delivered ≤ 35 weeks of gestation or fetuses ≤2100 grams, as these alone are sufficient criteria of NICU admission. In addition, neonates requiring any degree of respiratory support, supplemental intravenous fluids (IV), vasoactive medications, and therapeutic hypothermia require NICU admission. The infants that are well-appearing but requiring IV antibiotic therapy while sepsis is being ruled out do not require NICU admission.
 By comparing NICU admissions, we encompass those neonates needing any of the above therapies, ranging from mild to critical illness following the delivery.
Statistical methods
Descriptive statistics were used for frequency, median, and mean. A greater sample size of RA patients than GA patients allowed the application of propensity score (PS) matching. The propensity score allows analyses of the patients in a fashion that mimics some of the characteristics of a randomized controlled trial. In particular, a balancing score, by means of which the distribution of observed baseline covariates will become similar between cases and controls(20). This lessens the potential influence of confounding factors, increases the reliability of the results, and is a reasonable alternative to randomized controlled trials when those are not feasible or ethical. PS matching was performed using age, ethnicity/ race, body mass index, gestational age at delivery, preexisting maternal comorbidities (hypertension, diabetes mellitus), and pregnancy complications (hypertensive disorders of pregnancy, gestational diabetes mellitus, fetal growth restriction) (Table 1). The technique formed matched sets of GA and RA subjects who share a similar propensity score. Optimal one-to-one matching used the logit of the propensity score as the matching metric. To assess PS matching results, the standardized difference for variables included in the PS model before and after PS matching was provided (Table S1 and Figure S2). The associations between characteristics and the type of anesthesia were measured using a χ2 or Fisher's exact test and Wilcoxon rank-sum test or t-test. For univariate analysis, the associations between characteristics and the outcomes, Apgar score at 5 minutes (<7/≥7) and arterial cord blood pH (<7.2/≥7.2), were measured using a χ2 or Fisher's exact test and Wilcoxon rank-sum test or t-test. For multivariate analysis, a multiple logistic regression model was conducted to evaluate independent factors. The odds ratio with 95% CI was used to measure the magnitude of the association. The variance inflation factor (VIF) and correlation coefficients were used to identify multicollinearity. The Hosmer-Lemeshow test and the area under the receiver operating characteristics (ROC) curve were used to assure goodness-of-fit (GOF) and the discriminatory power. Analyses were performed with SAS version 9.4 (SAS Institute, Cary, NC).

Results
We identified 258 cases meeting inclusion criteria. Out of these, 61 underwent GA, and 197 underwent RA. After the PS matching was applied, the study sample was reduced to 60 cases in each group. Baseline demographics, maternal comorbidities, pregnancy complications, and gestational age at delivery were similar between groups (Table 1). The median IADT and uterine incision to delivery time (UDT) was similar between groups as well (41.5m [30.5,52] vs. 46m [38-53.5], p=0.2 and 1.5m [1,3] vs. 2m [1,3], respectively). 
Cord blood gases
There was no significant difference between arterial or venous cord pH (7.24 [7.21,7.26] vs. 7.23 [7.2,7.27], p=0.7 and 7.29[7.26,7.33] vs. 7.3[7.26,7.33], p=0.4, respectively) (Table 2). Moreover, there was no significant difference in arterial cord pH<7.2 (10 [17.5] vs. 11 [19.3], p=0.8) (Table 3). Multivariate analysis of arterial cord pH (<7.2/≥7.2) was performed using the type of anesthesia as the main exposure and significant variables from the univariate analysis as independent factors (Tables 6 and 7). 
For a stable model fit, HTN and FGR were not included due to the small frequency. The full model for the pH <7.2 included type of anesthesia, Apgar score at 5 minutes, BMI, gestational age at delivery, aO2, aCO2, and aBE. Three variables had VIF >2 (aO2=2.6, aCO2=3, aBE=2.3). The aO2 and aCO2 showed a moderate negative correlation (r= -0.39, p<0.001). To prevent co-linearity, the aCO2 was dropped in the full model. The overall model was significant (likelihood χ2 = 70.7 with a p<0.001 and pseudo R2 of 75.1%). The Hosmer-Lemeshow χ2 statistic was 0.52, with a p-value of 0.99. The area under the receiver-operating curve (AUC) was 0.97 (this GOF denotes good model fit). The CI for the type of anesthesia, BMI, gestational age at delivery included 1, leaving Apgar score at 5 minutes, aO2, and aBE, the predictors of pH<7.2. There was a 33% decrease in the odds of arterial cord blood pH<7.2 for a one-unit increase in aO2 (OR=0.67, 95% CI = 0.53, 0.85). There was an 80% decrease in the odds of arterial cord blood pH <7.2, for a one-unit increases in aBE [OR=0.20, 95% CI = (0.08, 0.46)].
Apgar scores
Multivariate analysis of Apgar score at 5 minutes (<7/≥7)(21) was performed using the type of anesthesia as the main exposure and significant variables from the univariate analysis as independent factors (Tables 4 and 5). There were no VIF greater than 2 (it derives there was no co-linearity between multiple variables). The full model Apgar score at 5 minutes < 7 included Apgar score at 1 minute, aO2, and vO2 (likelihood χ2= 54.1 with a p<0.001 and pseudo R2 of 58.2%). The Hosmer-Lemeshow χ2 statistic was 8.5, with a p-value of 0.4. The area under the receiver-operating curve (AUC) was 0.92 (GOF tests denote good model fit). There were no associations between characteristics and Apgar score at 5 minutes except Apgar score at 1 minute (p<0.001). There was a 56% decrease in the odds of Apgar score at 5 minutes <7, for one-unit increases in Apgar score at 1 minute (OR=0.44, 95% CI = 0.31, 0.62).
NICU admission
We evaluated the rates of NICU admission and LOS. There was no significant difference in the NICU admission rates 11 (52.4) vs. 10 (47.6), p=0.8. Furthermore, there was no difference in the NICU LOS between GA vs. RA (4[3-14] vs. 4.5 [3-11], p=0.9).

Discussion
The safety of GA improved over the last decades(7), which is reflected in a recent Cochrane review of randomized and quasi-randomized trials(10), which did not find evidence that RA superiority. An important variable that is not well studied is IADT. Although studies that were performed decades ago reported less favorable outcomes in the GA group(12, 22), they do not represent today's GA. Our data support that even with prolonged IADT, neonatal outcomes are favorable in both GA and RA groups. As the primary outcome measure, we used UCBG. An umbilical cord ApH <7.2 had been suggested as a predictor of adverse short term outcomes(23), and the severity of the outcomes increases as the pH continues to drop < 7.2.(24)
Although the Apgar scores in GA were lower at one and five minutes, this is likely the result of transient sedation related to the anesthetics used. A low score at one minute is neither indicative of substantial hypoxia or ischemia nor has much prognostic significance(25). A low five-minute Apgar indicates those neonates in need of continued resuscitative efforts. Similar UCBG values between the groups support a non-hypoxic etiology of low Apgar scores.  Since NICU admission rates were similar, the need for resuscitation outside the delivery was akin among the groups. What's more, the PS matching allowed us to evaluate NICU admission rates without many confounders (gestational age at delivery, preexisting maternal comorbidities, and pregnancy complications). Likewise, no difference was noted in the LOS amongst those neonates that were admitted to NICU.
Our study's main strength lies in the use of PS-matched groups, which decreases the impact of confounding factors. To our knowledge, this is also the first study to compare neonatal outcomes in GA vs. RA with a mean IADT of >30 minutes. Moreover, the data collection and manuscript writing were a joint effort of a multidisciplinary team that included obstetrics, anesthesiology, and neonatology.
The limitations of our study are mainly related to the retrospective design and the use of administrative data. Our data stems from a relatively small sample size of specific cases in which an expeditious entry carries maternal risks and thus resulted in a prolonged IADT. The multidisciplinary approach in every complex cesarean section, availability of well-trained staff, and resulted favorable outcomes might not be widely applicable in the centers with limited resources. While we did not include the indications for CD in the PS matching, exclusion of urgent deliveries reduced the confounding from already potentially compromised fetuses. At the same time, the results of our data might not apply to urgent cases. Furthermore, we did not evaluate the long-term effects of neonatal brain development.
In addition, the results of our study should not be interpreted as favoring deliberate use of GA for cesarean delivery but rather its use as a reasonable alternative when indicated or when RA is less optimal. 
Conclusion
Our data indicate that even with prolonged IADT, favorable neonatal outcomes are seen with both GA and RA. This is in contrast to the previous studies that were performed decades ago. A likely explanation is the advances in GA, which underscores the need for re-appraisal of historic outcomes as new modalities, techniques, and advances in the medical field unfold. Conversely, due to a reduction in educational opportunities regarding GA, its safety might decline over time. As we can't "do something"(3) about the CD rate, improving its safety, including the safety of anesthesia, becomes fundamental. 
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