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Background: Anesthesia is needed to ensure both maternal and fetal safety during cesare-
an sections. This retrospective cohort study compared maternal and fetal outcomes be-
tween general and spinal anesthesia for cesarean section based on perioperative hemody-
namic parameters (pre- and postoperative systolic blood pressure, heart rate), mean differ-
ence of hematocrit and estimated blood loss, and neonatal Apgar scores at 1 and 5 min. 

Methods: Data from electronic medical records of 331 singleton pregnancies between Jan-
uary 2016 and December 2018 were analyzed retrospectively; 44 cases were excluded, 
and 287 cases were assigned to the general group (n = 141) or spinal group (n = 146). 

Results: Postoperative hemodynamic parameters were significantly higher in the general 
group than the spinal group (systolic blood pressure: 136.8 ± 16.7 vs. 119.3 ± 12.7 mmHg, 
heart rate: 93.2 ± 16.8 vs. 71.0 ± 12.7 beats/min, respectively, P < 0.001). The mean dif-
ference between the pre- and postoperative hematocrit was also significantly greater in the 
general than spinal group (4.8 ± 3.4% vs. 2.3 ± 3.9%, respectively, P < 0.001). The estimat-
ed blood loss was significantly lower in the spinal than general group (819.9 ± 81.9 vs. 
856.7 ± 117.9 ml, P < 0.001). There was a significantly larger proportion of newborns with 
5-min Apgar scores < 7 in the general than spinal group (6/141 [4.3%] vs. 0/146 [0%], re-
spectively, P = 0.012). 

Conclusions: General group is associated with more maternal blood loss and a larger pro-
portion of newborns with 5-min Apgar scores < 7 than spinal group during cesarean sec-
tions. 
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INTRODUCTION 

Anesthesia used for cesarean section is either general or 

regional. The advantages of general anesthesia include the 

facilitation of a rapid procedure in obstetric emergencies 

and loss of consciousness, which ensures less distress to 

parturient women. The disadvantages of general anesthe-

sia include the possibility of aspiration pneumonia, mater-
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nal awareness during the operation due to inadequate an-

esthesia, failed intubation, and respiratory complications 

in the mother and newborn. Many intravenous anesthetic 

agents injected into the mother can cross the placental 

barrier and enter fetal circulation and may cause sedation 

or respiratory depression of the newborn. 

The two types of regional anesthesia used for cesarean 

sections are spinal and epidural anesthesia. The advantag-

es of regional anesthesia include reduced complications 

associated with general anesthesia and promotion of initial 

bonding between the mother and the baby (because the 

mother is awake during the operation) [1]. Recently, spinal 

anesthesia has been preferred over epidural anesthesia for 

cesarean section because of its rapid onset, effectiveness, 

and lower requirement for local anesthetics; however, it is 

associated with a higher incidence of arterial hypotension 

[2]. Spinal anesthesia using small amounts of local anes-

thetics is less likely to cause maternal systemic toxicity or 

total spinal anesthesia. Therefore, it is pertinent to com-

pare the effects of general and spinal anesthesia during ce-

sarean sections on maternal and fetal outcomes. 

Previous studies have compared postoperative maternal 

hematocrit (hct) levels between general and spinal anes-

thesia for cesarean section [3,4]. The Cochrane database [5] 

has three papers on maternal blood loss in relation to ce-

sarean section; one study has compared epidural and gen-

eral anesthesia and two studies have compared spinal and 

general anesthesia. 

The Apgar score is an indicator of neonatal well-being. 

Several studies have reported no significant difference in 

Apgar scores between general and regional anesthesia [5], 

but two studies [6,7] reported that the 1-min Apgar scores 

were lower in general than regional anesthesia. Thus, con-

troversy remains regarding the association of neonatal 

well-being scores with general and regional anesthesia. 

This retrospective study reviewed the medical records of 

women who underwent cesarean section under general 

anesthesia or spinal anesthesia and compared the mater-

nal and fetal outcomes based on perioperative hemody-

namic parameters (pre- and postoperative systolic blood 

pressure, heart rate), hematocrit, and estimated blood loss 

and neonatal Apgar scores at 1 and 5 min between both 

anesthesia groups. 

MATERIALS AND METHODS 

This study was approved by our ethics committee/Insti-

tutional Review Board (no. KYUH 2019-04-008) and regis-

tered at the Korea Clinical Research Information Service 

(http://cris.nih.go.kr; no. KCT 0004783). The need for in-

formed consent was waived because of the retrospective 

study design. We retrospectively analyzed data from 331 

singleton deliveries that occurred between January 2016 

and December 2018; data regarding maternal and fetal 

outcomes after general or spinal anesthesia for elective ce-

sarean section were analyzed and compared. Two anesthe-

siologists were in charge of anesthesia during the obstetric 

surgeries. Both anesthesiologists induced anesthesia using 

the same anesthetic agents; patient monitoring, extubation 

criteria, and the same spinal technique were performed 

according to our institutional protocol. 

All subjects were scheduled for elective cesarean section, 

with their physical condition classified according to the 

American Society of Anesthesiologists class 2, since Ameri-

can Society of Anesthesiologists categorizes “pregnancy” 

as class 2. Exclusion criteria included the need for emer-

gency or epidural anesthesia, conversion from spinal to 

general anesthesia, and deliveries wherein bleeding was 

anticipated, such as placenta previa or coagulopathy. In to-

tal, 44 of the 331 subjects were excluded. The remaining 

287 subjects were classified into either general anesthesia 

(n =  141) or spinal anesthesia (n =  146) groups (Fig. 1). 

The anesthesia induction method was dependent on the 

mother's choice, and the difference in preference between 

the two anesthesiologists were recorded. 

All parturient women fasted for at least 8 h preoperative-

ly and were not administered any pharmacological pre-

medication. In the operating room, we routinely used stan-

dard monitoring, including electrocardiography, noninva-

sive blood pressure, and pulse oximetry (SpO2). 

In the general anesthesia group, for all patients, we used 

Total elective caesarean section
singleton birth (n = 331)

Excluded from analysis (n = 44)

□ Placenta previa (n = 38)
□ Coagulopathy (n = 5)
□ Spinal conversion to general (n = 1)

General anesthesia  
group (n = 141)

Spinal anesthesia  
group (n = 146)

Analysed (n = 287)

Fig. 1. Flow diagram.
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the bispectral index (BIS) and preoxygenation using 100% 

oxygen delivered over 3–5 min. Subsequently, anesthesia 

was induced with 5 mg/kg of thiopental. Intravenous injec-

tion of 0.5 mg/kg rocuronium facilitated endotracheal in-

tubation, with the Sellick maneuver applied to prevent as-

piration. In all cases, we established controlled ventilation 

with a tidal volume of 8 ml/kg and a respiration rate of 12–

14 breaths per minute. Anesthesia was maintained with a 

mixture of 1.5–2.0 vol% sevoflurane and 50% nitrous oxide 

in oxygen. If a maintenance dose was required, 0.15 mg/kg 

of rocuronium was added intravenously. At the end of the 

surgery, the residual neuromuscular block was reversed 

with pyridostigmine (0.2 mg/kg) and glycopyrrolate (4 μg/

kg). Patients were extubated once they were fully awake to 

prevent aspiration. 

Spinal anesthesia was introduced at L2/3 or L3/4 level 

with a 25-G pencil-point needle (Sprotte, Pajunk, Germa-

ny), with patients in a left lateral decubitus position; O2 was 

supplied at a rate of 6 L/min via an oxygen mask. After con-

firming a clear, free flow of cerebrospinal fluid, 9–10 mg of 

0.5% bupivacaine (Marcaine Heavy, Astra Zeneca, UK) with 

10 μg fentanyl was injected slowly. Patients were then 

placed in a fully supine position and tilted 15° downward 

and leftward to prevent the supine hypotensive syndrome. 

The sensory block level was determined using a cold test. 

The operation was initiated when the sensory block had 

reached an adequate level (T4–T5). Phenylephrine (1 mg/

h) was continuously infused to prevent arterial hypoten-

sion. If hypotension persisted, 0.1 mg phenylephrine was 

injected by IV bolus, or the continuous injection rate was 

increased up to 2 mg/h. If hypertension occurred, the con-

tinuous injection rate was decreased to 0.5 mg/h or discon-

tinued. We defined hypotension as systolic blood pressure 

below 90 mmHg or below 70% of the baseline blood pres-

sure. After the newborn had been delivered, mothers were 

sedated with intravenous midazolam as required if she 

wanted. 

Cesarean section was performed via a standard lower 

segment transverse uterine incision with basic monitoring, 

including heart rate and blood pressure. After the baby had 

been delivered, carbetocin (Inj. Hanlim, Korea) was rou-

tinely administered to induce uterine contraction. 

Measurements 

Data on gestational age, parity, height, body weight, pre 

and postoperative systolic blood pressure (mmHg), heart 

rates (beats/min), hct (%), duration of hospital stay (day), 

surgical time, anesthesia time, time between skin incision 

and delivery, estimated blood loss (EBL), and transfusions 

were collected from medical records. EBL was measured 

by a visual estimation and a gravimetric method that in-

volves weighing of soiled sponges and measurement of flu-

id in suction canisters. Newborns were evaluated by a pe-

diatrician in terms of their sex, weight, and 1- and 5-min 

Apgar scores. Pediatricians were randomly assigned for the 

cesarean delivery. 

We defined our primary outcome as the mean difference 

between the pre- and postoperative hematocrit, and the 

secondary outcome as the 1- and 5-min Apgar scores. 

Statistical analysis 

The sample size required to detect a statistically signifi-

cant difference between the pre- and postoperative hema-

tocrit was determined using R software (version 3.5.3, R 

Development Core Team, Austria). The differences be-

tween the pre- and postoperative hematocrit were mea-

sured in a preliminary study (n =  10 for each), and the av-

erage difference of hematocrit in the general anesthesia 

and spinal groups was 5.06 (SD, 3.31) and 2.13 (SD, 4.02), 

respectively. Sample size was calculated with an effect size 

of 0.796, power of 80%, and an α-value of 0.05; accordingly, 

26 subjects were needed in each group. 

All statistical analyses were performed using R software 

(version 3.5.3). The normality of the distribution of contin-

uous variables was analyzed using the Shapiro–Wilk test. 

We used independent t-tests to analyze continuous, nor-

mally distributed variables and the Wilcoxon rank-sum test 

to analyze continuous, non-normally distributed variables. 

Categorical variables were compared using the χ2 test or 

Fisher’s exact test. Descriptive statistics are presented as 

mean ±  standard deviation, median (1Q, 3Q), or percent-

age. Perioperative change in hct (%) was compared be-

tween the two anesthesia groups using repeated-measures 

analysis of variance, followed by Student’s t-test. A P value 

of less than 0.05 was considered statistically significant. 

RESULTS 

Between January 2016 and December 2018, a total of 331 

women (singleton pregnancies) underwent elective cesar-

ean section at our hospital. In total, 44 patients were ex-

cluded owing to failed spinal anesthesia, placenta previa, 
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Table 1. Demographic Data

Variable General (n =  141) Spinal (n =  146) P value

Age (yr) 34.1 ±  4.6 33.5 ±  4.0 0.214

Height (cm) 160.3 ±  5.2 161.1 ±  5.8 0.258

Weight (kg) 72.1 ±  14.9 70.8 ±  11.2 0.458

Gestation (wk) 37.0 ±  2.1 37.3 ±  1.9 0.298

Gravidity 3 (2, 4) 2 (1, 3) 0.301

Operation (min) 56.9 ±  13.1 53.2 ±  11.1 0.011*

Anesthesia (min) 75.0 ±  14.4 77.5 ±  12.1 0.114

Skin incision to delivery 5.9 ±  2.2 6.2 ±  2.3 0.305

Values are presented as mean ± SD or median (1Q, 3Q). *P value < 0.05.

Table 2. Maternal and Fetal Parameters

Measures General (n =  141) Spinal (n =  146) Mean difference (95% confidence interval) P value

Maternal Preoperative SBP 136.1 ±  17.2 132.1 ±  17.40 4.0 (–0.2, 8.0) 0.051

Postoperative SBP 136.8 ±  16.7 119.3 ±  12.7 17.5 (14.1, 21.0) <  0.001†

Preoperative HR (beats/min) 81.6 ±  12.6 85.6 ±  13.9 –4.0 (–7.1, –0.96) 0.011*

Postoperative HR (beats/min) 93.2 ±  16.8 71.0 ±  12.7 22.2 (18.7, 25.7) <  0.001†

Preoperative hct (%) 36.2 ±  3.4 36.5 ±  3.1 –0.3 (–1.1, 0.4) 0.404

Postoperative hct (%) 31.4 ±  3.9 34.2 ±  4.7 –2.8 (–3.8, –1.8) <  0.001†

dhct 4.8 ±  3.4 2.3 ±  3.9 2.4 (1.6, 3.3) <  0.001†

EBL (ml) 856.7 ±  117.9 819.9 ±  81.9 36.9 (13.2. 60.6) 0.002*

Transfusion rate (%) 3 (2.1) 2 (1.4) 7.6 (–3, 4.8) 0.969

Hospital stay duration (day) 5.0 ±  0.6 5.0 ±  0.7 –0.0 (–0.2, 0.1) 0.924

Fetal Fetal weight (g) 2,974.8 ±  594.8 2,977.4 ±  620.3 –2.7 (–144.0, 138.6) 0.970

Apgar score (1 min) <  7 (%) 31 (22.0) 23 (15.8) 6.9 (–2.1, 15.9) 0.178

Apgar score (5 min) <  7 (%) 6 (4.3) 0 (0) 4.3 (0.8, 9) 0.012*

Values are presented as mean ± SD or number (%). SBP: systolic blood pressure, HR: heart rate, preoperative: before surgery, postoperative: 1 
day after surgery, hct: hematocrit, dhct: mean difference of hct (preoperative hct-postoperative hct), EBL: Estimated blood loss. *P value < 0.05, 
†P value < 0.01.

or coagulopathy. Thus, eventually, 287 patients were strati-

fied into either a general anesthesia (n =  141) or spinal an-

esthesia (n =  146) groups (Fig. 1). 

Demographic data showed no significant differences be-

tween the general and spinal anesthesia groups for demo-

graphic characteristics, except surgical time (56.9 ±  13.1 vs. 

53.2 ±  11.1 min, P =  0.011) (Table 1). 

Maternal and fetal data were as follows: there was no sig-

nificant difference in preoperative systolic blood pressure 

between the general and spinal anesthesia groups (136.1 ±  

17.2 vs. 132.1 ±  17.4 mmHg, respectively). However, post-

operative systolic blood pressure was significantly higher 

in the general anesthesia group than in the spinal anesthe-

sia group (136.8 ±  16.7 vs. 119.3 ±  12.7, respectively, P <  

0.001) (Table 2). 

Preoperative heart rate was different between the general 

and spinal anesthesia groups (81.6 ±  12.6 vs. 85.6 ±  13.9 

beats/ min, respectively, P =  0.011). The postoperative 

heart rate was significantly higher in the general anesthesia 

group than in the spinal anesthesia group (93.2 ±  16.8 vs. 

71.0 ±  12.7, respectively, P <  0.001) (Table 2). 

The mean postoperative hct level was significantly lower 

in the general anesthesia group than in the spinal anesthe-

sia group (31.4 ±  3.9% vs. 34.2 ±  4.7%, respectively, P <  

0.001). The mean difference between the pre- and postop-

erative hct level was also significantly greater in the general 

anesthesia group than in the spinal anesthesia group (4.8 
±  3.4% vs. 2.3 ±  3.9%, respectively, P <  0.001) (Table 2). 

The mean EBL was significantly lower in the spinal anes-

thesia group than in the general anesthesia group (819.9 ±  

81.9 vs. 856.7 ±  117.9 ml, respectively, P <  0.001). There 

was no significant group difference in the transfusion rate 

(ratio of transfused to total subjects) (Table 2). 

The proportion of newborns with 1-min Apgar scores <  

7 was not significantly different between the two groups, 

although the general anesthesia group had a significantly 

larger proportion of newborns with 5-min Apgar scores <  7 

than the spinal anesthesia group (6/141 [4.3%] vs. 0/146 
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[0%], respectively, P =  0.012) (Table 2). 

Postoperative hct levels were lower than the preoperative 

hematocrit levels in both groups, and the hct levels were 

lower on postoperative day (POD) 3 than on POD 1. The 

hct levels on POD 1 and POD 3 were significantly lower in 

the general anesthesia group than the spinal anesthesia 

group (Fig. 2).  

DISCUSSION 

Our results show that general anesthesia tends to cause 

more bleeding than spinal anesthesia, as the postoperative 

mean EBL volume and the mean difference between the 

pre- and postoperative hct level was larger with general an-

esthesia than with spinal anesthesia. 

Although cesarean section is used to promote maternal 

health and fetal well-being, the maternal morbidity and 

mortality rates associated with this procedure remain high. 

The maternal morbidity rate associated with a cesarean 

section is approximately 35.7% [8]. Perioperative bleeding 

is the main cause of death related to cesarean section; the 

EBL volume that requires transfusion is about 1,000 ml [9]. 

Maternal bleeding related to cesarean section is more com-

mon with general than regional anesthesia [3,4]. Increased 

maternal postoperative bleeding under general anesthesia 

than with regional anesthesia may be due to the uterine-re-

laxing effects of inhalation anesthetics [10]. 

Saygi et al. [11] performed a prospective randomized 

study comparing maternal and fetal outcomes between 

general and spinal anesthesia groups undergoing cesarean 

section. The postoperative hct levels (29.9 ±  3.2% vs. 32.2 
±  4.1%, P =  0.004) were significantly lower in the general 

anesthesia group than in the spinal anesthesia group, simi-

lar to our results. 

In this study, EBL was higher, and postoperative hemato-

crit levels were lower in the general anesthesia group than 

in the spinal anesthesia group. Moreover, the postoperative 

heart rate seemed to increase to compensate for hypovole-

mia or anemia in the general anesthesia group. Interesting-

ly, the operation time was significantly longer in the gener-

al anesthesia group than the spinal anesthesia group, ap-

parently due to an increased rate of operative manipula-

tions to stop bleeding. 

Guay [12] reported that regional anesthesia had a clear 

effect on surgical blood loss, but this did not usually reduce 

the number of transfused patients. Similarly, in this study, 

there was no significant difference in the number of trans-

fused patients between the two groups. 

In this study, postoperative hematocrit levels were signifi-

cantly lower in the general anesthesia group than in the spi-

nal anesthesia group, but they were significantly lower on 

POD 3 than on POD 1 (Fig. 2). Erythropoiesis was reportedly 

increased by day 7 after surgical blood loss, such that the 

postoperative hct deficit was corrected by day 28 [13]. 

The present study used the Apgar score as an indicator of 

fetal well-being. The Apgar score is a comprehensive mea-

sure of the clinical and cardiopulmonary functions of new-

borns. The proportion of newborns with 1-min Apgar 

scores <  7 was not significantly different between the two 

groups, while the proportion with 5-min Apgar scores <  7 

was significantly larger in the general anesthesia group than 

the spinal anesthesia group (6/141 [4.3%] vs. 0/146 [0%], re-

spectively, P =  0.012) (Table 2). 

Recent studies [3,14] reported no significant difference in 
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the 1- or 5-min Apgar scores of newborn babies under gen-

eral versus spinal anesthesia for cesarean section. Howev-

er, Tonni et al. [15] reported that, although the mother's ox-

ygen partial pressure and saturation were higher with gen-

eral anesthesia than with regional anesthesia, the partial 

pressure of oxygen and umbilical cord blood pH in the 

general anesthesia group were lower than in the spinal and 

epidural groups. They hypothesized that newborns deliv-

ered under general anesthesia experience transient respi-

ratory depression because anesthetics given to the mother 

cross the placental barrier and enter fetal circulation. 

In this study, the proportion with 5-min Apgar scores <  7 

was significantly larger in the general anesthesia group 

than the spinal anesthesia group. We supposed that anes-

thetic agents crossing the placenta might influence the fe-

tus to some degree, although the fetus well tolerated them. 

Regional anesthesia can minimize the exposure of new-

borns to anesthetics and improve placental perfusion and 

oxygenation of the fetus due to sympathetic blockade. 

Therefore, regional anesthesia is preferable to general an-

esthesia during the cesarean section for both maternal and 

fetal safety.  

Usually, the administration of general anesthesia is inev-

itable in cases of maternal coagulopathy or fetal distress. 

Neonatal respiratory depression accompanied by low Ap-

gar scores and umbilical arterial and venous pH changes 

associated with general anesthesia is often transient. How-

ever, careful and appropriately administered general anes-

thetic has no significant adverse effects on fetuses or neo-

nates [16]. 

Although many reports have shown that regional and 

general anesthesia are almost identical in terms of neona-

tal well-being, regional anesthesia, especially spinal, is rec-

ommended for elective cesarean section to avoid neonatal 

depression, especially for preterm delivery. 

This study had some limitations. First, it was retrospec-

tive study, and we could not control all confounding vari-

ables that may have affected the outcomes. Second, the P 

values of some major results (Apgar scores) are relatively 

large; the sample size is relatively small. Therefore, the sig-

nificant results might be purely by chance (random error). 

The sample size was based on the number of participants 

required to detect a statistically significant difference in the 

hct level, but not the Apgar score between the groups. 

Since spinal anesthesia for cesarean section was only intro-

duced in our hospital two years ago, the maximum possi-

ble sample size for the spinal anesthesia group was 146. 

According to the power calculation, 232 subjects were 

needed in each group to detect statistically significant dif-

ferences in Apgar scores. Thus, our findings regarding the 

Apgar scores should be interpreted with caution, and fu-

ture research should include adequate sample sizes. 

During cesarean section, general anesthesia group is as-

sociated with more maternal blood loss and a larger pro-

portion of newborns with 5-min Apgar scores <  7 than spi-

nal anesthesia. 
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