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Introduction
Cesarean Deliveries (CD) made up 31.7 percent of births in 2019 [1]. A cesarean delivery 

is one of the most commonly practiced surgical procedures in the United States [2,3]. One 
challenging aspect of a cesarean delivery is the time between uterine incision and delivery. 
Studies demonstrated no clear relationship between uterine incision and delivery [4-7]. The 
largest study these authors could identify was a prospective cohort of 812 patients, which 
identified no relationship between uterine incision to delivery time and hypoxic neonatal 
outcomes [4] Notably, most studies excluded preterm cesarean deliveries [4-7]. Preterm 
deliveries are associated with worse neonatal outcomes including hypoxia [8]. A physiological 
challenge for a newborn is transitioning from lungs filled with fluid to lungs filled with air. 
Preterm cesarean delivery is well known to make this a more challenging transition [9]. Thus, 
any small intervention done during a cesarean procedure has the potential to impact neonatal 
outcomes. This study seeks to examine if time from skin incision to delivery and uterine 
incision to delivery significantly contributes to preterm neonatal hypoxia.

Methods
Data collection

This retrospective cohort study was performed by chart review for all preterm cesarean 
deliveries at Carle Foundation Hospital between January 1, 2017, through December 31, 2020. 
This study was conducted at a single academic institution and deemed exempt by the Carle 
Foundation Hospital Human Subject Protection Office. Inclusion criteria included all preterm 
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Abstract
Certain aspects of a cesarean delivery, such as skin incision to delivery time and uterine incision to delivery 
time, have been studied in term deliveries and have not yet yielded relationships with negative neonatal 
outcomes. However preterm cesarean deliveries have not been studied in the same capacity. Through a 
retrospective chart review of 706 preterm cesarean deliveries, this study aims to assess the relationship 
between skin incision to delivery, uterine incision to delivery and neonatal hypoxia. Overall, skin incision 
to delivery time had no significant statistical relation to hypoxic outcomes in preterm neonates. While 
uterine incision to delivery time did have an significant association with hypoxic outcomes and factors 
that make surgical procedures more difficult (increased BMI, maternal age), this relationship did not exist 
when controlling for gestational age. With further studies, these findings could inform and influence the 
strategies obstetricians utilize during preterm cesarean deliveries.
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neonates born by cesarean delivery at less than 37 weeks gestation. 
Multifetal gestations and mal-presented fetuses were excluded in 
this study. No preexisting conditions were excluded.

Data was retrieved from maternal and neonatal medical records 
including demographic characteristics, gestational age, procedure 
timing records, cesarean indication, and blood gases. Surgical times 
were extracted from the nursing record. Data was exported to a 
REDCap database.

Hypoxic outcomes were defined based on pH, lactate, base 
excess, and respiratory support as previously described [4]. The 
criteria were as follows: umbilical arterial pH less than 7, base 
excess greater than negative 16, five-minute apgar less than 5, 
and need for respiratory support in the first 10 minutes of life [4]. 
Neonate was considered to have a hypoxic outcome if any of these 
criteria were met.

Statistical analysis 

Demographic and maternal/neonatal risk factor (i.e., age, 
race, BMI, GDM, indication for cesarean etc.) comparisons were 
conducted between the patients within the upper quartile of skin 
and uterine incision to delivery times (>8 min and >60 seconds, 
respectively) and the lower three quartiles of patients. Significance 
was determined using a two-tailed t-test with F-test two-sample for 
variances.

Relative risk was calculated comparing rates of hypoxic 
outcomes in increasing skin incision to delivery and uterine incision 
to delivery times. Uterine incision to delivery time was divided into 
60 second increments (0-60, 61-120, 121-180, >180) as previously 
described [4]. Skin incision to delivery time was divided into <120 

seconds, 121-300 seconds, 301-480 seconds, and >480 seconds. 
Both were compared to rates of neonatal hypoxic outcomes. 
Preterm deliveries were divided into extremely preterm (<28 
weeks), very preterm (<32 weeks), moderately preterm (32 to <34 
weeks), and late preterm (34 to <37 weeks) and respective rates of 
hypoxic outcomes were compared to skin and uterine incision to 
delivery times [10]. Significance for all statistical analysis was set 
to p<0.05.

Result
Our initial dataset included 706 deliveries; 520 deliveries had 

a documented uterine incision to delivery time and 694 deliveries 
had a documented skin incision to delivery time. The median 
time from uterine incision to delivery was 0.93 minutes, while the 
median skin incision to delivery time was 6.47 minutes. As seen 
in Table 1, longer skin incision to delivery times were positively 
correlated with advanced maternal age (p < .0001), higher BMIs 
(even while stratified by BMI >30, p<0.0001), rates of gestational 
diabetes mellitus (p=0.001), prior CD (p<0.0001), and heavier birth 
weights (p=0.007). Patients with advanced maternal age (p=0.023), 
and lower gestational age (p=0.004) were more likely to have a 
longer uterine incision to delivery time. Non reassuring fetal status 
(p=0.018) and placental abruption (p = 0.01) were indications 
for cesarean delivery that were associated with a shorter skin 
incision to delivery time, meanwhile prior cesarean (p<0.0001) and 
abnormal placentation (p=0.006) were associated with increased 
skin incision to delivery time. No indications for CD were associated 
with variations in uterine incision to delivery time. As outlined 
in Table 1, no indications for CD were associated with the upper 
quartile for both skin and uterine incision to delivery times.

Table 1: Numerical description of samples and phenotype.

Characteristic
Uterine Incision Skin Incision

<=60 sec (N= 427) >60 sec  (N= 93) p <=8 min  (N=541) >8 min (N= 153) p

Maternal Age 29.52 31.1 0.023 29.08 31.84 <0.00001

Maternal age (>35) 17.80% 25.81% 0.076 17.01% 26.14% 0.011

Gestational age at delivery 
(weeks) 34.04 33.02 0.004 33.57 33.98 0.18

Maternal Black Race 26.46% 26.88% 0.934 24.40% 28.76% 0.274

BMI 34.73 36.67 0.065 33.16 39.342 <0.00001

BMI >= 30 60.42% 68.82% 0.1308 53.79% 77.12% <0.00001

Nulliparous 21.55% 18.28% 0.483 23.11% 15.69% 0.048

Gestational Diabetes 13.11% 10.75% 0.532 10.45% 20.92% 0.001

Prior Cesarean 50.12% 44.09% 0.535 41.04% 66.01% <0.00001

Maternal fever (>=38C) 3.04% 1.08% 0.288 2.96% 1.96% 0.505

Birth Weight 80.43 75.35 0.116 76.27 83.28 0.007

Birth Weight > 4000 1.64% 1.08% 0.689 0.92% 2.61% 0.103

Indication for cesarean

Nonreassuring Fetal Status 27.40% 30.11% 0.598 30.68% 20.92% 0.018

Labor arrest 3.98% 5.38% 0.545 4.62% 3.92% 0.712

Maternal exhaustion 0% 0.00% 0.00% 0%

Inadequate Expulsive efforts 0.70% 0.00% 0.55% 0.00%

Failed operative vaginal delivery 1.17% 0.00% 0.92% 0.00%
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Chorioamnionitis 1.87% 7.53% 0.8 2.40% 1.96% 0.748

Preeclampsia 38.41% 36.56% 0.739 39.37% 38.56% 0.856

Placental Abruption 211.00% 2.15% 0.979 5.55% 0.65% 0.01

Prior C-section 48.71% 43.01% 0.319 39.74% 64.71% <0.00001

Abnormal Placentation 13.58% 10.75% 0.463 12.20% 20.92% 0.006

IUGR 14.29% 13.98% 0.939 14.42% 9.80% 0.139

In the analysis of hypoxic morbidity, outcomes were compared 
based on 60 second intervals for uterine incision to delivery 
times (Table 2). For all gestational ages, hypoxic outcomes were 
seen in 66.04% for less than 60 seconds [n=427], 68.33% for 61-
120 seconds [n=60], 95.24% for 121-180 seconds [n=21], and 

64.29 for greater than 180 seconds [n=14] (p=0.049). Acidemia 
(p =0.000028), pH<7.2 (p<0.00001), lactate >8 (p=0.015), and 
neonatal death (p=0.045) were each associated with elevated 
uterine incision to delivery times. Changes in rates of base excess 
<-8 were not significant as seen in Table 2.

Table 2: Uterine incision time Vs Neonatal hypoxic outcomes.

Neonatal Outcomes Based on Time from Uterine Incision to Delivery in 60-Second Increments

<=60s 61-120s 121-180s >180s P-Value

Hypoxic morbidity 66.04% 68.33% 95.24% 64.29% 0.049119

Acidemia < 7.1 1.87% 0.00% 4.76% 21.43% 0.000028

pH < 7.2 5.39% 8.33% 9.52% 50.00% <0.00001

Lactate >8 0.70% 0.00% 4.76% 7.14% 0.014666

Base Excess < -8 4.22% 6.67% 9.52% 14.29% 0.197857

Death 3.04% 6.67% 9.52% 14.29% 0.045701

The prevalence of neonatal hypoxic outcomes was not 
associated with changes in skin incision to delivery time (Table 3). 

For changes in skin incision to delivery time, lactate >8 (p=0.0115) 
was the only factors found to vary significantly.

Table 3: Skin incision time Vs Neonatal hypoxic outcomes.

Neonatal Outcomes Based on Time from Skin Incision to Delivery in Time Increments

 <=120s 121-300s 301-480s >480s P-Value

Hypoxic morbidity 70.15% 65.85% 71.07% 68.63% 0.685876

Acidemia < 7.1 5.97% 3.25% 2.03% 1.31% 0.216421

pH < 7.2 13.43% 7.32% 7.61% 5.88% 0.276324

Lactate >8 7.46% 2.44% 0.51% 1.96% 0.011539

Base Excess < -8 7.46% 6.91% 7.11% 5.88% 0.963008

Death 7.46% 4.47% 3.55% 3.92% 0.587941

Finally, hypoxic outcomes amongst preterm neonates were 
associated with a significantly elevated uterine incision to delivery 
time (p=0.034) but not any variation in skin incision to delivery 

time (Tables 4&5). When controlled for gestational age, neither 
uterine nor skin incision to delivery times were associated with 
individual hypoxic outcomes.

Table 4: Average uterine incision to delivery time stratified by hypoxic outcomes and gestational age.

Uterine Incision Time to Delivery (min)

Hypoxic Outcome No Hypoxic Outcome P-Value

Overall 0.989 (n=351) 0.799 (n=169) 0.034

Extremely Preterm 1.558 (n=34) (n=0) N/A

Very Preterm 0.954 (n=65) 2 (n=1) N/A

Moderately Preterm 0.92 (n=75) .889 (n=9) 0.938

Late Preterm 0.921 (n=177) 0.786 (n=159) 0.176

Table 5: Average skin incision to delivery time stratified by hypoxic outcomes and gestational age.

Skin Incision Time to Delivery (min)

 Hypoxic Outcome No Hypoxic Outcome P-Value

Overall 6.499 (n=475) 6.433 (n=217) 0.621
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Extremely Preterm 6.92 (n=50) (n=0) N/A

Very Preterm 5.165 (n=97) 5 (n=1) N/A

Moderately Preterm 6.133 (n=98) 6.143 (n=14) 0.993

Late Preterm 7.126 (n=230) 6.46 (n=202) 0.15

Discussion
Data from this study will be the first insight into skin and uterine 

incision to delivery times impact in preterm Cesarean deliveries 
and could help drive decision making for obstetric physicians 
across the country. Overall, skin incision to delivery time had no 
significant statistical relation to hypoxic outcomes in preterm 
neonates. This was true both for when stratified by gestational 
age as well as by time intervals of skin incision to delivery. There 
was an association between lower pH and a faster skin incision to 
delivery time, however considering that no other hypoxic factors 
were significant, this is likely not a clinically significant finding. This 
further supports other findings for term pregnancies that indicate 
skin incision to delivery does not affect outcomes [6,7].

Skin incision to delivery time has a direct relationship to 
maternal factors such as age, BMI, and prior cesarean; these 
findings may be due to increased difficulty of surgical procedures 
with increased scar tissue from a prior cesarean and increased BMI. 
No indications for Cesarean delivery were significantly associated 
with increased skin or uterine incision to delivery time, except for 
chorioamnionitis. This finding is consistent with expectations that 
surgical procedure is similar regardless of indication.

Unlike skin incision, uterine incision to delivery time did have a 
significant association with hypoxic outcomes in the overall preterm 
sample. Longer uterine incision to delivery times were associated 
with factors that make surgical procedures more difficult, such as 
increased BMI and maternal age. It is important to note that the 
extent to which a neonate is born preterm can serve as a significant 
confounding factor: a 36-week-old delivery will have vastly 
different outcomes than a 24-week-old delivery. Thus, our study 
controlled for gestational age. When assessing the relationship in 
each preterm cohort (extremely preterm, very preterm, moderate 
preterm, and late preterm), uterine incision to delivery time was 
no longer a significant predictor of hypoxic outcomes. When 
controlling for gestational age, the sample size was much smaller 
for extremely preterm (less than 28 weeks) and very preterm (28 to 
32 weeks) births. There were only 55 extremely preterm neonates 
in this study (vs 99 late preterm) and all of these neonates met our 
hypoxic outcome criteria. This is important to note because given 
our t-test analysis, comparing to the “no hypoxic outcome” group 
with an n=0 or 1 was impossible. Given all extremely preterm 
neonates required supplemental oxygen due to lack of fetal lung 
maturity, our study design is limited in its ability to differentiate 
how uterine incision to delivery time affects hypoxic outcomes 
within this subgroup of preterm neonates. Further investigation 
using more specific criteria to designate the severity of hypoxic 
outcomes amongst this population would likely be required.

There may exist a relationship of progressive importance as 
gestational age decreases; we must weigh three findings of our data 

against one another to interpret this. First, there is no statistically 
significant relationship between uterine incision to delivery time 
and hypoxic outcomes in moderate and late preterm neonates; 
second, the youngest gestational age subgroup was unable to 
be calculated due to no patients with non-hypoxic outcomes. 
Finally, the overall sample of preterm births did have a significant 
relationship between uterine incision to delivery time and rates 
of hypoxic outcomes. If a true relationship did exist, we would 
expect that the “older” preterm groups would remain significant, 
however they did not. It is possible that the relationship identified 
is the confounding variable of the younger neonates having more 
difficult deliveries and always having a hypoxic outcome. In future 
studies, stratifying hypoxic outcomes by severity would allow for 
differentiation.

As uterine incision to delivery time increased, there was an 
increase in factors of hypoxic outcomes with notable exceptions 
of hypoxic morbidity, neonatal demise, and elevated base excess. 
Given the high sample size of neonates with hypoxic morbidity, we 
believe this further supports no significant relationship between 
uterine incision time and hypoxic outcomes.

Conclusion
Our findings are thus in agreement with previous studies 

performed on term neonates. A 2015 study found no relationship 
between uterine incision to delivery time and hypoxic outcomes 
with an average gestational age at delivery of 39.3 weeks [4]. 
Another study found transient tachypnea was not related with 
procedure time, anesthesia induction to delivery time, or uterine 
incision to delivery time in 100 subjects. This study was limited 
in its exclusion of pre-existing maternal conditions, emergency 
C-sections, maternal drug intake prior to CDs, as well as other 
factors [5]. A retrospective study in Israel demonstrated no impact 
of anesthesia induction to delivery time, skin incision to delivery 
time, or uterine incision to delivery time on neonatal outcomes. This 
study looked at gestational ages 37-42 weeks (mean of 38.3 weeks) 
and considered many postnatal complications. These included 
respiratory distress, hypoglycemia, need for phototherapy, among 
others [6]. Uterine incision to delivery time has also been studied in 
the context of vertical versus transverse incisions and found to have 
no significant difference in preterm delivery outcomes [11].

Our study was not without limitations, some of which have 
been defined above. The relationship between uterine incision to 
delivery time and hypoxic outcomes is difficult to interpret due to 
our smaller sample sizes amongst lower gestational ages. We believe 
that with larger sample sizes amongst extremely and very preterm 
neonatal groups, as well as a method of differentiating the severity 
of hypoxic outcomes, there would be a more distinct, observable 
relationship between uterine incision time and hypoxic outcomes 
amongst preterm neonates if one exists. Thus, future studies could 
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include larger sample sizes across gestational age and determine 
a wider range of defining hypoxic outcomes to further elucidate 
if uterine incision to delivery time affects neonatal outcomes. If 
expanded appropriately, we believe these findings could be used 
in further educating surgical approaches to preterm neonatal CD’s 
across the world.
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