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Background: Postpartum hemorrhage (PPH) is a major cause of maternal mortality and the
risk factors for PPH differ among studies. In this large-scale study, we investigated whether
the anesthetic method used was associated with PPH after cesarean section.

Methods: We extracted data on cesarean sections performed between January 2008 and
June 2013 from the National Health Insurance Service database. The anesthetic methods
were categorized into general, spinal and epidural anesthesia. To compare the likelihood of
PPH among deliveries using different anesthetic methods, crude and adjusted odds ratios
(ORs) and 95% confidence intervals were calculated using logistic regression analysis.

Results: Data from 330,324 cesarean sections were analyzed, and 21,636 cases of PPH
were identified. Univariate analysis showed that general and epidural anesthesia increased
the risk of PPH compared to spinal anesthesia. The OR for PPH was highest for morbidly ad-
herent placenta, followed by placenta previa, placental abruption, and hypertension. When
other clinical covariates were controlled for, general and epidural anesthesia still remained
significant risk factors for PPH compared to spinal anesthesia.

Conclusions: This study showed that general and epidural anesthesia elevated the risk of
PPH compared to spinal anesthesia during cesarean section. Since we could not consider
the potential bias of group differences in indications, more in-depth clinical trials are needed
to validate our findings. Obstetric factors such as placental abnormalities had high odds ra-
tios and thus are more important than the choice of anesthetic method, which should be
based on the patient’s clinical condition and institutional resources.

Keywords: Anesthesia, epidural; Anesthesia, general; Anesthesia, spinal; Postpartum hem-
orrhage.

INTRODUCTION

Postpartum hemorrhage (PPH) is a major cause of mater-
nal mortality. An increasing incidence of PPH has been re-
ported in many countries, possibly related to older maternal

age, obesity, multiple pregnancies, previous cesarean deliv-
eries, labor induction and augmentation, and better detec-
tion methods [1,2]. However, the causes are still not fully un-
derstood. General anesthesia is a risk factor for PPH after ce-
sarean delivery, since volatile anesthetic agents inhibit
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spontaneous contractility of uterine muscle in a dose-de-
pendent manner [1,3-5].

Neuraxial anesthesia is generally preferred over general
anesthesia for cesarean section [6,7]. The main reason is the
difficult airway management associated with general anes-
thesia, but other factors also influence the decision, includ-
ing intraoperative awareness, postoperative bleeding, neo-
natal safety, postoperative pain management, and maternal
bonding with the newborn following delivery [7]. According
to previous reports, general anesthesia is used in about 6%
of planned cesarean deliveries in the United States [8]. A
study of the anesthetic methods used for cesarean delivery
in Korea between 2013 and 2018 reported that general and
regional anesthesia were used in 27.4% and 72.6% of cesare-
an deliveries, respectively [6]. While the use of general anes-
thesia has declined significantly, it is still used much more
frequently in Korea compared to other countries [9]. In this
large-scale study using National Health Insurance Service
(NHIS) data, we investigated whether the anesthetic method
was associated with PPH after cesarean section.

MATERIALS AND METHODS
Data source and subjects

This study was approved by the Institutional Review
Board. We analyzed data from an NHIS database (no. NHIS-
2020-1-274). Cesarean sections have been under the diagno-
sis-related group (DRG) payment system since July 2013 in
Korea, so for almost all cases after that date we could not
identify the mode of anesthesia from the NHIS database.
Therefore, data on cesarean sections performed between
January 2008 and June 2013 were extracted. Clinical charac-
teristics and comorbidities were identified using the Korean
Classification of Diseases (KCD), which is based on the In-
ternational Classification of Diseases, 10th edition. Cesarean
section was defined by codes 082 and 0842. The exclusion
criteria were malignancies (C00-97), diseases of the blood
and blood-forming organs, immune-system disorders (D50-
89), obstetric trauma causing rupture of the uterus (071),
and antepartum hemorrhage (046). The anesthetic meth-
ods were categorized into general anesthesia (L1211, L1221),
spinal anesthesia (L1213, L1223), and epidural anesthesia
(L1214, L1224), based on a previous study reporting trends
in anesthetic methods in Korea [6]. Cases in which the anes-
thetic method could not be verified were excluded from the
analysis.
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Outcomes and statistical analysis

SAS software (version 9.4, SAS Inc., USA) was used for the
statistical analysis. The main outcome measure was the oc-
currence of PPH after cesarean section, corresponding to
codes 0721 (hemorrhage following delivery of placenta and
atonic PPH) and 0622 (uterine inertia), within 1 month of
cesarean delivery. To compare patient characteristics
among groups, continuous variables were assessed by anal-
ysis of variance and are presented as the mean * SD. Cate-
gorical variables were analyzed using the chi-square test. To
assess risk factors for PPH, and its likelihood of occurrence
according to different anesthetic methods, crude and ad-
justed odds ratios (ORs), and 95% confidence intervals
(CIs), were estimated using logistic regression analysis with
forward selection. Initially, 19 variables were identified as
possible covariates based on a literature review. Variables
with high rates of missing data and a high Pearson correla-
tion coefficient (> 0.8) were excluded. Finally, covariates
adjusted for in the multivariate logistic regression models
included maternal age, emergency operation (0821), previ-
ous PPH (0721, 0622 during a previous delivery), multiple
pregnancy (030), placenta previa (O44), placental abrup-
tion (045), morbidly adherent placenta (0432), preeclamp-
sia (011, O14), eclampsia (0O15), hypertension (O10: preex-
isting gestational hypertension, O13: gestational hyperten-
sion, or O16: unspecified maternal hypertension), diabetes
mellitus (024), and the level of care. The diagnostic codes
did not change during the study period. The hospitals
where the cesarean sections were performed were classified
according to the Korean Medical Care Act (tertiary, general,
hospital, or clinic). Our logistic regression model was as-
sessed using the Hosmer-Lemeshow goodness-of-fit test,
which was not significant. P values < 0.05 were considered
statistically significant.

RESULTS

A total of 899,284 cesarean sections performed between
January 2008 and June 2013 were identified in the NHIS da-
tabase after applying the exclusion criteria. The method of
anesthesia could not be confirmed in 568,960 cases. Finally,
the data from 330,324 cesarean sections were analyzed, re-
vealing the use of general anesthesia in 57.17%, spinal anes-
thesia in 29.34%, and epidural anesthesia in 13.50% (Fig. 1).
The patient characteristics are shown in Table 1. In emer-
gency cases, the proportion of epidural anesthesia was high-
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Table 2 summarizes the characteristics of women accord-
ing to the occurrence of PPH. In total, 21,636 cases of PPH

er than that of spinal and general anesthesia. The data also
revealed that 42.56% of cesarean sections were conducted in
clinics, 25.83% in hospitals, 17.38% in tertiary care hospitals (6.55%) were identified from among the 330,324 cesarean

and 14.24% in general hospitals. sections. Univariate analysis showed that general anesthesia

899,284 Cesarean deliveries
in NHIS database
from Jan 2008 to Jun 2013

A 4

Missing information for the type of anesthesia: 568,960

A4

330,324
Cesarean deliveries

A4

Spinal

96,909 (29.34%)

General
188,830 (57.17%)

Epidural
44,585 (13.50%)

Fig. 1. Flow diagram of participants who underwent cesarean section. NHIS: the National Health Insurance Service.

Table 1. Characteristics of Women according to Anesthetic Methods Used for Cesarean Delivery

Variable Spinal (n = 96,909) General (n = 188,830) Epidural (n = 44,585)
Age (yr) 3231 £ 4,10 31.95 £ 4.30 31.84 + 4.02
Emergency No 65,245 (67.33) 120,381 (63.75) 27,139 (60.87)
Yes 31,664 (32.67) 68,449 (36.25) 17,446 (39.13)
Previous PPH No 86,356 (89.11) 168,314 (89.14) 39,711 (89.07)
Yes 10,553 (10.89) 20,516 (10.86) 4,874 (13.68)
Multiple pregnancy No 93,145 (96.12) 183,437 (97.14) 43,754 (98.14)
Yes 3,764 (3.88) 5,393 (2.86) 831 (1.86)
Placental abruption No 96,215 (99.28) 186,611 (98.82) 44,386 (99.55)
Yes 694 (0.72) 2,219 (1.18) 199 (0.45)
Placenta previa No 94,788 (97.81) 181,558 (96.15) 44,070 (98.84)
Yes 2,121 (2.19) 7,272 (3.85) 515 (1.16)
MAP No 96,756 (99.84) 188,517 (99.83) 44,553 (99.93)
Yes 153 (0.16) 313 (0.17) 32(0.07)
Hypertension No 94,693 (97.71) 184,821 (97.88) 43,750 (98.13)
Yes 2,216 (2.29) 4,009 (2.12) 835 (1.87)
Diabetes No 93,022 (95.99) 182,230 (96.5) 43,331 (97.19)
Yes 3,887 (4.01) 6,600 (3.5) 1,254 (2.81)
Preeclampsia/eclampsia  No 93,851 (96.84) 183,299 (97.07) 43,529 (97.63)
Yes 3,058 (3.16) 5,531 (2.93) 1,056 (2.37)
Level of care Tertiary 20,370 (21.02) 32,951 (17.45) 4,080 (9.15)
General 14,730 (15.20) 27,399 (14.51) 4,895 (10.98)
Hospital 23,384 (24.13) 46,150 (24.44) 15,783 (35.40)
Clinic 38,424 (39.65) 82,330 (43.60) 19,828 (44.47)

Values are presented as mean = SD or number (%). PPH: postpartum hemorrhage, MAP: morbidly adherent placenta.
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Table 2. Characteristics of Women according to Severe Postpartum Hemorrhage after Cesarean Delivery

Variable No PPH (n = 308,688) PPH (n = 21,636) Unadjusted odds ratio (95% CI)

Age (yr) 32,06 + 4.21 31.98 + 4,19 1.00 (1.00-1.00)
Anesthetic method Spinal 91,191 (94.10) 5,718 (5.9) 1.00

General 176,713 (93.58) 12,117 (6.42) 1.10 (1.06-1.13)*

Epidural 40,769 (91.44) 3,801 (8.56) 1.41 (1.36-1.46)*
Emergency No 199,101 (93.99) 12,720 (6.01) 1.00

Yes 106,833 (92.46) 8,718 (7.54) 1.28 (1.24-1.31)*
Previous PPH No 272,775 (93.29) 18,980 (6.71) 1.00

Yes 33,159 (93.10) 2,458 (6.90) 1.07 (1.02-1.11)*
Multiple pregnancy No 296,686 (93.47) 20,731 (6.53) 1.00

Yes 9,248 (92.9) 707 (7.1) 1.09 (1.01-1.18)*
Placental abruption No 305,845 (93.47) 21,360 (6.53) 1.00

Yes 2,842 (91.32) 270 (8.68) 1.36 (1.20-1.55)*
Placenta previa No 299,685 (93.53) 20,731 (6.47) 1.00

Yes 9,007 (90.91) 901 (9.09) 1.45 (1.35-1.55)*
MAP No 308,288 (93.47) 21,531 (6.53) 1.00

Yes 393 (78.86) 105 (21.14) 3.84 (3.09-4.77)*
Preeclampsia/eclampsia No 296,995 (93.46) 20,783 (6.54) 1.00

Yes 8,944 (93.22) 650 (6.78) 1.04 (0.96-1.13)
Hypertension No 302,187 (93.48) 21,070 (6.52) 1.00

Yes 6,498 (92.04) 562 (7.96) 1.24 (1.14-1.35)*
Diabetes No 299,784 (93.49) 20,876 (6.51) 1.00

Yes 8,904 (92.32) 741 (7.68) 1.20 (1.12-1.28)*

Values are presented as mean + SD or number (%). Cl: confidence interval, PPH: postpartum hemorrhage, MAP: morbidly adherent

placenta. *P < 0.05.

and epidural anesthesia increased the risk of PPH 1.10-fold
(95% CI 1.06-1.13) and 1.41-fold (95% CI 1.36-1.46), respec-
tively, compared to spinal anesthesia. The highest OR for
PPH was observed for morbidly adherent placenta (OR
3.84, 95% CI 3.09-4.77), followed by placenta previa (OR
1.45, 95% CI 1.35-1.55), placental abruption (OR 1.36, 95%
CI 1.20-1.55), and hypertension (OR 1.24, 95% CI 1.14-
1.35). Table 3 shows the associations between anesthesia
types and PPH, while controlling for clinical covariates.
When placental abruption, placenta previa, morbidly ad-
herent placenta, hypertension, preeclampsia, eclampsia,
and diabetes mellitus were controlled for, general (OR 1.06,
95% CI 1.03-1.10) and epidural anesthesia (OR 1.47, 95% CI
1.41-1.53) remained significant risk factors for PPH com-
pared to spinal anesthesia.

DISCUSSION

This study showed that compared to spinal anesthesia,
general and epidural anesthesia increased the risk of PPH in

women undergoing cesarean section. However, we could
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not consider all of the important clinical factors that might
have influenced the results. The obstetric factors still had
higher odds ratios, implying that obstetric factors such as
placental abnormalities were more important than the
choice of anesthetic method.

Animal and experimental studies have demonstrated that
volatile anesthetics can cause significant uterine relaxation
[3,10]. In a rat model, Dogru et al. [10] showed that desflu-
rane at a minimum alveolar concentration (MAC) of 0.5 did
not affect the duration or amplitude of spontaneous uterine
contractions, but decreased their frequency. At 1 and 2
MAC, desflurane significantly decreased the duration, am-
plitude and frequency of uterine contractions. Similarly,
sevoflurane at 2 MAC significantly decreased the duration,
amplitude and frequency of uterine contractions, whereas it
did not at 0.5 MAC. In oxytocin-stimulated human myome-
trial fibers, exposure to 0.5, 1, and 2 MAC of desflurane and
sevoflurane reduced the frequency and amplitude of con-
tractions in a dose-dependent manner. The authors suggest-
ed that 0.5 MAC of both agents, and 1 MAC of desflurane,
might be safe in the presence of oxytocin during cesarean
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Table 3. Multivariate Logistic Model of Postpartum Hemorrhage

Variable

Adjusted odds ratio (95% Cl)

Model 1 Model 2 Model 3

Anesthetic method Spinal 1.00 1.00 1.00

General 1.08 (1.05-1.11)* 1.07 (1.04-1.11)* 1.06 (1.03-1.10)*

Epidural 1.48 (1.42-1.54)* 1.49 (1.43-1.56)* 1.47 (1.41-1.53)*
Age 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1,00 (1.00-1.00)
Multiple pregnancy No 1.00 1.00

Yes 1.13 (1.04-1.22)* 1.15 (1.06-1.24)*
Previous PPH No 1.00 1.00

Yes 1.07 (1.02-1.12)* 1.07 (1.02-1.11)*
Placental abruption No 1.00 1.00

Yes 1.35 (1.19-1.53)* 1.22 (1.08-1.39)*
Placenta previa No 1.00 1.00

Yes 1.44 (1.35-1.55)* 1.45 (1.35-1.56)*
MAP No 1.00 1.00

Yes 3.46 (2.78-4.31)* 3.44 (2.76-4.28)*
Emergency No 1.00

Yes 1.27 (1.23-1.30)*
Preeclampsia/eclampsia  No 1.00

Yes 0.96 (0.89-1.05)
Hypertension No 1.00

Yes 1.22 (1.12-1.33)*
Diabetes No 1.00

Yes 1,22 (1.13-1.31)*

Cl: confidence interval, PPH: postpartum hemorrhage, MAP: morbidly adherent placenta. *P < 0.05.

section [3]. Given the evidence above, questions arise as to
whether regional versus general anesthesia really affects the
risk of PPH and whether regional anesthesia should be pre-
ferred in PPH cases [11]. Studies have reported that general
anesthesia is a risk factor for PPH, with ORs ranging from
1.87 to 22.25 depending on the study design, population and
definition of PPH [1,5,12]. It has also been reported that vari-
ous surgeries, including cesarean deliveries, performed un-
der general anesthesia resulted in greater blood loss com-
pared to neuraxial anesthesia [13,14]. A retrospective study
comparing general and spinal anesthesia for cesarean sec-
tion in Korea reported lower blood loss in a spinal anesthe-
sia group (819.9 + 81.9 ml) than in a general anesthesia
group (856.7 £ 117.9 ml). The difference, however, was not
considered clinically significant [15]. Generally, obstetric
anesthesiologists use low concentrations of volatile anes-
thetics during cesarean section to minimize their negative
effects on uterine muscle contraction [16]. Given that our re-
sults imply an OR of 1.06 for general anesthesia, concerns
about postoperative bleeding do not seem to be a major fac-
tor when considering the method of anesthesia for cesarean

www.anesth-pain-med.org

section. Instead, the choice of anesthetic method should be
made on the basis of clinical conditions and institutional re-
sources [17]. Beilin [11] reported that general anesthesia is
preferable if massive hemorrhage is likely, because the pa-
tients may become hypovolemic and airway edema may re-
sult from large-volume fluid resuscitation.

Interestingly, we also found that epidural anesthesia car-
ried a significantly greater risk of PPH than spinal anesthe-
sia. A previous case-control study exploring risk factors for
PPH showed that the risk was greater for epidural and com-
bined spinal and epidural (CSE) anesthesia compared to
spinal anesthesia alone. The adjusted OR of CSE during ce-
sarean section without labor was 3.13 (95% CI 1.71-5.71),
while the unadjusted OR of CSE and epidural anesthesia
during intrapartum cesarean delivery was 2.59 (95% CI 1.45-
4.62) and 1.65 (95% CI 1.11-2.44), respectively [5]. However,
there were group differences in indications according to the
anesthetic method. In another study, patient-controlled epi-
dural analgesia suppressed uterine and abdominal muscle
electromyographic activity during the second stage of labor
[18]. Other studies of cesarean section have reported signifi-
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cant hypotension, deeper surgical anesthesia, better postop-
erative pain control, and decreased use of additional analge-
sics with spinal compared to epidural anesthesia [19,20].
Since uterine blood flow is not autoregulated, uteroplacental
perfusion is directly dependent on maternal perfusion pres-
sure. However, these explanations are not sufficient to an-
swer why epidural anesthesia may be a higher risk factor for
PPH compared to spinal anesthesia. Confounders might
have influenced our results; for example, epidural anesthe-
sia is preferred in emergency situations if the patient already
has a functioning epidural catheter in place for controlling
labor pain. The frequency of emergency cases in our data
was higher in the epidural group than in the other groups;
67.32% of spinal anesthesia cases were elective and 39.98%
of epidural anesthesia cases were considered emergency.
Cesarean section after labor onset can increase the risk of
PPH. Desensitization due to large doses of oxytocin for labor
induction, uterine muscle fatigue, and intrapartum factors
such as chorioamnionitis may explain the higher risk of PPH
after labor induction. [5,21-24]. In the current study, we did
not have information about the dosage or timing of utero-
tonic use for labor induction, and whether the patients un-
derwent cesarean section after labor was not known, which
might have influenced our results.

The obstetric risk factors for PPH identified in this analysis
are well-recognized and consistent with previous studies
[23,25]. Multiple gestations are associated with impaired
uterine contractility. Magnesium sulfate, used in patients
with preeclampsia and eclampsia, can compromise uterine
contractility and often causes platelet dysfunction [22]. Risk
factors reported in the literature are mostly related to uterine
activity. However, in a study investigating uterine contractile
waves during the 2 hours after placental delivery, no correla-
tion was found between uterine activity and blood loss, indi-
cating that other factors are involved in hemostasis, such as
coagulation factors [26]. A large US study using nationwide
data showed that more than 60% of patients who hemor-
rhaged from atony and required transfusion did not have
any identifiable antepartum risk factors [22]. Although rec-
ognition of PPH risk factors is crucial, measures to deal with
unexpected PPH are also needed because uterine atony is
difficult to predict before delivery in the absence of well-rec-
ognized causes.

The study period began in January 2008 so that any chang-
es in the diagnostic codes could be tracked based on the fifth
revision of the KCD. Due to difficulty in identifying the anes-
thetic method used for cases under the DRG payment sys-
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tem, data were extracted up to July 2013. Caution should be
taken when interpreting our results because we could not
include all cesarean sections performed during the study
period. First of all, data of patients who had malignancies,
diseases of the blood or blood-forming organs, and obstetric
trauma were excluded. Moreover, the DRG payment system
was applied in some centers on a trial basis during this study
period, and we could not identify the anesthetic method in
such cases. As a result, our data included only about 40% of
all cesarean sections performed during the study period and
the results may not reflect the actual population. As such, we
were concerned about the possibility of selection bias. Liter-
ature data on the relative proportions of anesthetic methods
used for cesarean deliveries are available only from 2013 to
2018 [6]. Analysis thereof showed that the rate of spinal an-
esthesia increased from 40.0% in 2013 to 53.7% in 2018,
while the opposite trend was observed in general anesthesia,
which decreased from 37.1% in 2013 to 22.2% in 2018. Con-
sidering this trend, general anesthesia might have been per-
formed more frequently in the period between 2008 and
2013, in line with our results. Nonetheless, the rates of use of
each anesthetic method and incidence of PPH in this study
might not reflect the actual rates for the general population.

Our study was subject to the inherent limitations of a ret-
rospective analysis. We could not consider several clinically
relevant variables, such as body mass index, types and con-
centrations of volatile anesthetics used, uterotonic use,
spontaneous labor and labor augmentation before cesarean
delivery, parity, fetal birth weight, postpartum blood loss
volume, volume of transfused blood and hemoglobin level,
which might influence our results. Misclassification of cases
may also have occurred due to coding errors.

In conclusion, analyzing a nationwide dataset, general
and epidural anesthesia during cesarean section increased
the risk of PPH compared to spinal anesthesia. As we could
not consider the potential influence of confounders, future
studies analyzing more detailed clinical datasets are needed
to validate these findings. Obstetric risk factors such as pla-
cental abnormalities had high odds ratios; as such, they are
more important than the choice of anesthetic method,
which should be based on the patient’s clinical condition
and institutional resources.
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