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group was 12.7 minutes, compared to 27 minutes in epidural group and 32.7
minutes in the spinal group. Time intervals from time in the OR to incision
and time from incision to delivery of the fetus were also calculated and were
significantly shorter in the GA group when compared to spinal and epidural
groups, P < 0.001. The estimated blood loss (EBL) was similar between these
three groups. Both arterial and venous umbilical cord mean PH were compa-
rable in GA, spinal and epidural groups. Potential complications of GA in-
clude 36% of newborns had an Apgar score of less than 7 at 1 minute in GA
group when compared to 15% of newborns in the epidural group, and 22% of
newborns in the spinal group, which was not statistically significant. When
comparing the NICU admission between the groups: 77% of newborns deli-
vered under GA required NICU admission, 54% of the newborns delivered
via epidural anesthesia were admitted versus 50% of newborns delivered via
spinal anesthesia. Conclusion: The induction of general anesthesia for emer-
gency cesarean section resulted in shorter times to delivery compared to
spinal and epidural. General anesthesia was associated with lower, albeit not
statistically significant Apgar scores and higher NICU admissions, and had
similar cord gases compared to neuraxial anesthesia group.
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1. Introduction

When an urgent cesarean delivery is indicated for a non-reassuring fetal heart
rate tracing, the choice of anesthetic technique can be very important, especially
because the time to delivery of the fetus is critical. The options of anesthesia for
cesarean delivery include either general or neuraxial anesthesia, such as spinal,
combined spinal-epidural, or epidural anesthesia. Additionally, the mode of
anesthetic technique is influenced by the maternal and fetal status, comorbidi-
ties, expected duration and difficulty of the procedure, as well as whether the pa-
tient has an epidural catheter in situ.

Practice guidelines recommend regional anesthesia over general anesthesia for
most cesarean deliveries [1]. In the United States and Canada, neuraxial anes-
thesia is the preferred technique and used for greater than 95 percent of cesarean
deliveries [2]. In non-urgent cases, the advantages of neuraxial anesthesia in-
clude the avoidance of airway instrumentation, minimizing systemic medication
and transfer to the fetus, allowing the mother to be awake for the birth, and de-
livery of neuraxial opioids for postoperative analgesia. However, during emer-
gency cesarean deliveries where shorter intervals may potentially result in im-
proved neonatal outcomes [3], the ideal mode of anesthesia is unclear, and gen-
eral anesthesia continues to be used. While studies comparing the time taken to

achieve adequate surgical anesthesia are limited, one study reported that achiev-
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ing the onset of spinal anesthesia is slower than general anesthesia induction
time for emergency cesarean sections [4].

While achieving general anesthesia is generally thought to be faster than re-
gional anesthesia, the actual amount of time saved is poorly described in the li-
terature, and physicians often make empiric choices in emergency situations.

The purpose of this study is to review the records of patients who underwent
spinal, epidural, or general anesthesia for urgent cesarean delivery for non-
reassuring fetal heart rate tracing and compare the surgical and anesthetic times
and delivery of the fetus with different modalities of anesthesia, as well as ma-
ternal and fetal outcomes.

2. Methods

This retrospective study was approved by the Institutional Review Boards (IRB)
of New York Medical College and Health + Hospitals and was conducted at
Metropolitan Hospital Center. Records were reviewed for patients who under-
went cesarean delivery for non-reassuring fetal heart rate tracing from February
2012 to May 2018. A total of 190 charts were selected, and 7 patients who re-
ceived epidural or spinal anesthesia and then converted to general anesthesia
were excluded.

The data was collected through the review of medical records and scanned
anesthesia records in Electronic Health Record System (QuadraMed). The pa-
tients were grouped into those that received epidural (n = 112), spinal (n = 50)
and general (n = 21) anesthesia. There were 184 babies born from 183 patients,
as one patient had twin gestation. Patient variables, such as maternal age, gesta-
tional age at delivery, BMI, number of prior laparotomies and fetal weight, were
extracted from the medical records. The primary outcomes included the time
from entering the operating room to delivery of the infant (min), time from en-
tering the operating room to skin incision (min), and time from skin incision to
delivery of the infant (min). These times were compared among patients who
underwent epidural, spinal versus general anesthesia. The secondary outcomes
were estimated blood loss (ml), Apgar scores, Arterial/venous cord pH, NICU
admissions and fetal complications.

ACOG recommends that labor epidural be placed on demand, in the first
stage of labor [5]. For those patients where the indications are urgent, but not
life threatening, and those who do not have epidural catheter in place, most pro-
viders will choose the spinal block as the main part of the anesthetic. Commonly
neuraxial anesthetics will include an amide (Bupivacaine hyperbaric) with an
addition of opioids (Fentanyl) and Duramorph (for postoperative pain control). The
optimal dosages of the neuraxial blocks are outside the scope of this manuscript.

Continuous variables were summarized as means and standard deviations
(SD). For variables that were not normally distributed, median and interquartile
ranges were used. Categorical variables were summarized as percentages. ANOVA
or Kruskal-Wallis Test was used for the continuous variable and Fisher’s Exact

Test was used for the categorical variable to test the differences between groups.
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The primary outcomes, EBL, arterial cord PH and venous cord PH were consi-
dered as the continuous outcomes. Apgar score (<7 vs. 27) and NICU admission
were considered as the binary outcomes. For the continuous outcomes, the mul-
tiple linear regression models were used to compare the means between groups
after adjusting for age, BMI and number of prior laparotomies. For the outcome
variables that were not normally distributed, log-transformation was used to re-
duce skewness. The overall comparison for these three groups was conducted
first and the multiple comparisons using Dunnett’s method were conducted to
compare epidural and general anesthesia and to compare spinal and general
anesthesia. Logistic regression model was used for the binary outcomes after ad-
justing for age, BMI and number of prior laparotomies. All analyses were per-
formed with SAS statistical software (9.4; SAS Institute, Cary, NC, USA).

P-values < 0.05 were considered to be statistically significant.

3. Results

A total of 190 patients were enrolled in the study, however, seven patients were
excluded due to the change in the anesthesia status during the course of surgery.
183 patients were, finally, included in the study with 184 total newborns, as one
of the mothers delivered twins. Table 1 shows the number of patients under
each group and their baseline clinical characteristics. There were no significant
differences between the groups in gestational age, body mass index (BMI), number
of previous surgeries, or neonatal birth weight. Patients undergoing epidural
anesthesia (EA) were significantly younger than the patients undergoing either

GA or spinal anesthesia, P 0.006. The majority of patients in each group were

Table 1. Participant characteristics by group+.

Epidural anesthesia Spinal anesthesia General anesthesia

Variable P-value*
(n=112) (n = 50) (n=21) vat
Maternal Age (year) 28.9 (6.91) 32.6 (7.56) 31.1(4.92) 0.006
39.3 (2.04 38.7 (2.67 36.3 (5.50
Gestational Age (weeks) ( ) ( ) ( ) 0.05
40.0 [38.5-40.4]  39.4[382-40.3]  39.0 [33.6 - 40.0]
32.9 (6.60) 33.3 (5.62) 31.9 (5.14)
BMI 0.37
32.1[28.8-35.0]  332[30.0-37.1]  31.4[28.3-35.7]
Number of
Prior Laparotomies
0 76 (67.9%) 32 (64.0%) 17 (80.9%) 0.45
1 32 (28.5%) 14 (28.0%) 3 (14.3%)
2,3 4 (3.6%) 4 (8.0%) 1 (4.8%)
3213 (522.9 3034 (748.7 2641 (1026
Fetal Weight** (g) ( ) ( ) ( ) 0.09

3258 [2885 - 3560] 3203 [2770 - 3445] 2980 [2185 - 3490]

+Data provided are Mean (SD) or N (%). Median (interquartile range: Q1 and Q3) is provided for variables
that are not normally distributed. YANOVA or Kruskal-Wallis Test was used for the continuous variable
and fisher’s exact test was used for categorical variable. **For Fetal Weight, N = 21 in General anesthesia,
but there was one missing data.
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Table 2. Maternal outcomes by group.

having the cesarean section for the first time and the difference in rate of prima-
ry cesarean section was insignificant. Table 2 compares the different time inter-
vals between the groups. Fetuses in the GA group were delivered significantly
faster when compared to epidural and spinal group separately with a P-value of
0.001. The mean time from Arrival to OR to delivery of the newborn in GA
group was 12.7 minutes compared to 27 minutes in epidural group and 32.7
minutes in the spinal group. Time intervals from Time in the OR to incision and
Time from incision to delivery of the fetus were also calculated and were signifi-
cantly shorter in the GA group when compared to spinal and epidural groups, P
<0.001.

The estimated blood loss (EBL) was similar between all three groups.

Both arterial and venous umbilical cord mean pH were comparable in GA,
spinal and epidural groups (Table 3). 36% of newborns had an Apgar score of
less than seven at 1 minute in the GA group as compared to 15% of newborns in
the epidural group, and 22% of newborns in the spinal group, which was not sta-
tistically significant.

27% of newborns in the GA group continued to have Apgar scores of under
seven at five minutes compared to approximately 2% in the epidural group and
12% in the spinal group. The statistical significance of these findings could not
be calculated due to small number of patients in this group. When comparing

the NICU admissions between groups, 54% of the newborns delivered via epidural

Epidural Spinal G 1
) Pl ura‘ pina ) enera‘ Adjusted Mean Difference* Adjusted Mean Difference*
Variable anesthesia anesthesia anesthesia between Epidural and General between Spinal and General
(n=112) (n = 50) (n=21) P P
N, Mean N, Mean N, Mean Mean Difference P-value Mean Difference P-value
(SD) (SD) (SD) (SE) (SE)
Time from OR arrival to 27.02 32.76 12.76 13.57 19.81
] ) <0.001 <0.001
Delivery (min) (9.73) 9.17) (7.56) (2.21) (2.42)
Time from OR arrival to 16.18 23.40 9.05 7.05 14.65
. . <0.001 <0.001
Incision (min) (5.05) (7.02) (4.57) (1.33) (1.46)
Time from Incision to 10.84 9.36 3.71 6.51 5.16
) i <0.001 <0.001
Delivery (min) (6.65) (5.19) (4.06) (1.40) (1.54)
EBL (ml) 894.6 900.0 928.6 -21.77 0.72 -40.97 028
(142.0) (269.5) (164.8) (44.4) ’ (48.7) ’
Table 3. Fetal cord blood gases.
Adjusted M Adjusted M
X Epidural anesthesia Spinal anesthesia  General anesthesia X juste ean . Justec Mean
Variable (n=112) (n = 50) (n =21) Difference* between Difference* between
- - - Epidural and General Spinal and General
M Diffe M Diffe
N, Mean (SD) N, Mean (SD) N, Mean (SD) ean Uierence P-value can Ditterence P-value
(SE) (SE)
Arterial Cord pH 105, 7.22 (0.08) 45,7.17 (0.11) 17,7.20 (0.12) 0.02 (0.03) 0.68 —0.03 (0.03) 0.44
Venous Cord pH 101, 7.26 (0.08) 47,7.22 (0.11) 21,7.23(0.11) 0.03 (0.22) 0.25 —0.005 (0.02) 0.96
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Table 4. Fetal outcomes by group.

anesthesia were admitted versus 50% of newborns delivered via spinal anesthesia
and 77% of newborns delivered under GA (Table 4). The majority of the new-
borns were admitted to NICU for prematurity, sepsis evaluation and respiratory
symptoms. Table 5 shows the breakdown of the reasons for the NICU admis-
sions between groups. Two newborns out of twenty two (9%) in the GA group
were evaluated for neonatal hypoxic encephalopathy associated with acute peri-
natal stress versus none in the other two groups. There was one neonatal mortal-
ity in the spinal anesthesia group which was due to undetected severe hydrops

fetalis and not related to the perinatal stress.

4. Discussion

The choice of the anesthetic technique for Cesarean Section is controversial and
multifactorial. In most situations, it is affected by perceived urgency, presence of
the working epidural catheter, maternal anatomy and physiology and patient
preference.

Variable Epidlz;al_a;:zs)thesia Spina(ll:l_n:z()hesia Gene;:ll imzels)thesia l?:tjil(l)itiit?v::z gﬂ;itiit?vg:;
Epidural and General Spinal and General
N (%) N (%) N (%) OR 95% CI OR 95% CI
NICU Admission
Yes 61 (54.5%) 25 (50.0%) 17 (77.3%) 0.38 0.13-1.13 0.32 0.10 - 1.05
No 51 (45.5%) 25 (50.0%) 5(22.7%)
Apgar score at 1 min
>7 95 (84.8%) 39 (78.0%) 14 (63.4%) 3.56 1.24 - 10.2° 1.89 0.61 - 5.92
<7 17 (15.2%) 11 (22.0%) 8 (36.4%)
Apgar score at 5 min**
>7 110 (98.2%) 44 (88.0%) 16 (72.7%)
<7 2 (1.8%) 6 (12.0%) 6 (27.3%)

*Adjusted for Age, BMI and Number of Prior Laparotomies. *P-value < 0.05. **The adjusted model was not done, due to the small sample in “<7” cell.

Table 5. Breakdown of the reasons for NICU admissions by mode of anesthesia.

Reason for NICU admission Epidural anesthesia Spinal anesthesia General anesthesia

(N =112) (N = 50) (N =21)

Maternal f::;z::i:vsom sepsis 31 (27.6%) 5 (10%) 0 (0.0%)
Respiratory symptoms/TTN 17 (15%) 3 (10%) 1 (4.5%)
Prematurity 2 (1.7%) 6 (12%) 4 (18%)
Hypoglycemia/Feeding Issues 6 (5.4%) 3 (6%) 1 (4.5%)
Neonatal abstinence monitoring 2 (1.7%) 0 (0%) 0 (0%)
Hypoxic encephalopathy 0 (0%) 1(2%) 2 (9%)
Others 3 (2.6%) 1(2.1%) 1 (4.5%)
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The American College of Obstetricians and Gynecologists (ACOG) recom-
mends “Decision to Delivery” interval of under 30 minutes for emergency cesa-
rean deliveries. Nonetheless, there is scant literature available regarding the
achievability of this threshold in large obstetrical cohorts. “Decision to delivery”
interval can be divided into three distinct stages, each one dependent on differ-
ent factors. The time from decision to entering the OR depends on prompt rec-
ognition of abnormal fetal heart rate tracings, team availability and team train-
ing. The time from entering the OR to incision depends on the choice of anes-
thesia, time to induction of anesthesia and expeditious time-out. The time from
incision to delivery is related to the expertise of the surgical team. Improvement
of each of these elements requires different tools and strategies, as rapid delivery
can only be assured when all required components are in place.

The choice of anesthetic is between Neuraxial (including Spinal and Epidural)
and General Anesthesia (GA). Since the 1980s, GA has been progressively less
utilized due to perceived safety issues and improvement of maternal and fetal
outcomes in patients under neuraxial anesthesia. Meanwhile, recent studies have
shown safer and more positive outcomes in GA cases, as well as shorter interval
to induction of anesthesia and high patient satisfaction rate [6]. Patient satisfac-
tion with different anesthesia modalities for CS was not part of this study and
will be addressed in further research.

In our study, the majority of patients (88%) who underwent CS for non-
reassuring fetal tracing received regional anesthesia. Epidural catheter was
placed earlier during labor and activated for CS in 69%, and 31% received pri-
mary spinal anesthesia. 11% received GA as the primary anesthetic of choice. Of
note, 7 (4%) of patients were converted from regional technique to GA due to
inadequate level of surgical anesthesia, which is an acceptable rate of conversion
to GA in published literature [7]. We believe those numbers reflect team to focus
on early epidural placement and high level of interdisciplinary communication.

Our study demonstrated significantly shorter time from entrance to the OR to
delivery interval in the general anesthesia group, compared to both spinal and
epidural anesthesia: 12 minutes for GA, 27 minutes of epidural and 32 minutes
for spinal anesthesia respectively. The difference in epidural versus spinal group
in the OR to incision interval can be attributed to the patient positioning and the
time required for spinal administration.

All cases in GA group had Category 1 indications for cesarean section (Life-
threatening indications: e.g. cord prolapse with fetal bradycardia). The cases in
regional anesthesia group were category 1 (emergency) and category 2 (urgent)
combined. As one can see from shorter time from incision to delivery in the
general anesthesia group, there was higher pressure to deliver Category 1 cases
more expeditiously, as would be expected due to life-threatening indications.
The role of GA will always be secondary to regional due to maternal safety con-
cerns. On the other hand, in cases of the true obstetrical emergencies, when
working epidural is not available, GA should be considered and utilized. We be-
lieve that the reluctance of anesthesia providers to administer GA for urgent and
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emergent CS is primarily based on the previous studies, prior to introduction of
new airway devices and video laryngoscopy airway management in anesthesia
cases in labor and delivery settings. As our data demonstrate, approximately 1:10
of urgent and emergent deliveries require GA as the most appropriate method of
anesthesia. Therefore, the anesthesia department continues to face the challenge
of maintaining vigilance and training to be prepared for such rare events. Team
training exercises and debriefs appear to improve team performance in these life
threatening emergencies [8] [9]. It is also important to keep in mind that cord
gas values were similar between the groups, as well as perioperative blood loss,
which correlates with other publications [10].

The limitations of the current study include the retrospective design, small
number of category 1 cesarean sections requiring general anesthesia and group-
ing of emergency and urgent cesarean sections together. These limitations and
confounding apply to most studies on general anesthesia in obstetrics, as there
are ethical barriers on performing prospective studies [11].

The seamless performance of emergency cesarean section requires adequate
staffing, immediate availability of surgeon, anesthesia and nursing staff and per-
formance as a well-functioning team. Potential solutions to these obstacles in-
clude multidisciplinary rounds, drills and frequent equipment checks. The fol-

low-up study could assess the effectiveness of those interventions [11].

5. Conclusion

In conclusion, our data demonstrated that general anesthesia for emergency ce-
sarean section was not associated with negative maternal outcomes, resulted in
shorter times to delivery and associated with lower, albeit not statistically signif-

icant, Apgar scores and higher NICU admissions.
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