Am J Transl Res 2025;17(7):5679-5688
www.ajtr.org /ISSN:1943-8141/AJTR0161454

Original Article

Effects of combined spinal-epidural anesthesia

and epidural analgesia on pain and blood pressure
in preeclamptic women undergoing painless delivery

Dangding Yin'*, Huifang Li%*, Minjie Cui®

10peration Room, The Second People’s Hospital of Linhai City, Taizhou 317016, Zhejiang, China; 2Department
of Obstetrics and Gynecology, The Second People’s Hospital of Linhai City, Taizhou 317016, Zhejiang, China;
SDepartment of Anesthesiology, The Second People’s Hospital of Linhai City, Taizhou 317016, Zhejiang, China.
“Co-first authors.

Received October 25, 2024; Accepted January 22, 2025; Epub July 25, 2025; Published July 30, 2025

Abstract: Objective: To analyze the impact of combined spinal-epidural anesthesia and epidural analgesia on pain
and blood pressure in preeclamptic women undergoing painless delivery. Methods: A retrospective analysis was
conducted on the clinical data of 137 preeclamptic women who underwent painless delivery at The Second People’s
Hospital of Linhai City between July 2022 and July 2024. Based on the type of analgesia intervention received,
the women were divided into a control group (n=68, receiving Doula delivery analgesia) and an observation group
(n=69, receiving combined spinal-epidural anesthesia and epidural analgesia). Labor duration, pain (assessed us-
ing the Visual Analogue Scale (VAS)), blood pressure [systolic blood pressure (SBP), diastolic blood pressure (DBP)],
serum markers [prolactin (PRL), tissue-type plasminogen activator (t-PA)] levels, and maternal and neonatal out-
comes were compared between the two groups. Results: O Labor duration: Significant differences were observed
between groups (F=10.279), over time (F=35.794), and in their interaction (F=16.589) (P < 0.05). Within groups:
both groups had shorter second and third stages of labor compared to the first stage (P < 0.05). Between groups:
no significant difference was observed in the second stage (P > 0.05), but the observation group had shorter first
and third stages than the control group (P < 0.05). @ Pain: Significant differences were found between the groups
(F=19.785), over time (F=8.637), and in their interaction (F=14.492) (P < 0.05). Within groups: both groups had
lower VAS scores in the 1-3 stages of labor compared to before analgesia (P < 0.05). Between groups: no significant
difference in VAS scores before analgesia (P > 0.05), but the observation group had lower VAS scores in all stages
than the control group (P < 0.05). @) Blood pressure: Significant differences in SBP were found between the groups
(F=5.572), over time (F=10.295), and in their interaction (F=8.149) (P < 0.05); similarly, significant differences in
DBP were found between the groups (F=4.915), over time (F=9.761), and in their interaction (F=7.784) (P < 0.05).
Within groups: both groups had lower SBP and DBP levels at 10 minutes post-analgesia, during the active phase,
and in the second stage of labor compared to before analgesia (P < 0.05). Between groups: no significant difference
in SBP and DBP levels before analgesia (P > 0.05), but the observation group had lower SBP and DBP levels at 10
minutes post-analgesia, during the active phase, and in the second stage of labor compared to the control group
(P < 0.05). @ Serum indicators: Both groups showed increased PRL and t-PA levels post-delivery compared to pre-
delivery (P < 0.05); the observation group had higher post-delivery PRL and lower t-PA levels compared to the control
group (P < 0.05). ® Maternal and neonatal outcomes: The observation group had lower rates of cesarean section,
postpartum hemorrhage, postpartum blood loss, and neonatal asphyxia compared to the control group (P < 0.05);
no significant difference was found in neonatal Apgar scores between the two groups (P > 0.05). Conclusion: The
combined use of spinal-epidural anesthesia and epidural analgesia in preeclamptic women undergoing painless de-
livery shows significant effectiveness. Compared to Doula delivery analgesia, this method accelerates labor, relieves
pain, lowers blood pressure, improves serum indicators, and decreases adverse maternal and neonatal outcomes.
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Introduction tation, primarily characterized by hypertension,

accompanied by proteinuria and edema. In sev-
Preeclampsia is a pregnancy-specific complica- ere cases, it can progress to eclampsia, result-
tion that typically occurs after 20 weeks of ges- ing in multi-organ dysfunction [1]. This condi-
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tion poses a significant threat to both maternal
and fetal health, with potential adverse effects
on fetal development and the delivery process
[2]. Epidemiological data [3] indicate an inci-
dence of about 5% to 10%, though its patho-
genesis remains complex and not fully under-
stood. Preeclampsia is associated with various
factors, including genetics, immune responses,
endothelial dysfunction, and inflammation [4,
5]. During labor, the unique pathophysiological
state of preeclamptic patients often presents
additional challenges and risks. First, intense
labor pain can over-activate the sympathetic
nervous system, further elevating blood pres-
sure, exacerbating maternal hypertension, and
raising the risk of maternal and fetal complica-
tions [6]. Additionally, vascular dysfunction and
coagulopathy in hypertensive states may in-
crease the risk of postpartum hemorrhage [7].
Moreover, impaired placental function in pre-
eclamptic patients also increases the likelihood
of fetal distress, intrauterine growth restriction,
preterm birth, and neonatal asphyxia [8]. There-
fore, effectively managing pain and blood pres-
sure in preeclamptic patients during labor is a
significant challenge for obstetricians.

Painless delivery is a crucial technique in mod-
ern obstetrics, aimed at reducing pain during
labor through pharmacological or non-pharma-
cological means, thus improving the childbirth
experience, and mitigating stress responses in-
duced by pain [9]. Among various techniques,
Doula delivery analgesia is widely used due to
its relatively low complication rate [10]. How-
ever, Doula delivery analgesia alone may not
fully meet the special needs of preeclamptic
patients, particularly in terms of pain and blood
pressure control [11]. In recent years, the com-
bined use of spinal-epidural anesthesia and
epidural analgesia has gained attention. Spinal-
epidural anesthesia effectively relieves labor
pain by blocking the transmission of spinal ner-
ve roots [12], while epidural analgesia prolongs
the analgesic effect, helping to stabilize blood
pressure [13]. This combined analgesic appro-
ach is promising for improving the childbirth
experience in preeclamptic patients.

Although studies [14] have explored the effects
of combined spinal-epidural anesthesia and
epidural analgesia in general obstetric patients,
research specifically focusing on preeclamptic
patients remains limited. The innovation of this
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study lies in its investigation of the combined
spinal-epidural anesthesia and epidural anal-
gesia approach specifically for preeclamptic wo-
men undergoing painless delivery, a group that
may not respond to conventional analgesia te-
chniques in the same manner. This study not
only evaluates the effectiveness of this com-
bined anesthetic technique in managing labor
pain and blood pressure but also provides new
insights into its impact on maternal and neona-
tal outcomes. By comparing this approach with
Doula delivery analgesia, this study offers evi-
dence on how the combined technique can en-
hance labor progression, pain relief, and blood
pressure regulation in preeclamptic patients.
These findings may significantly contribute to
the development of more tailored and effective
management strategies for this high-risk popu-
lation, offering a promising alternative to con-
ventional pain management techniques.

Materials and methods
Basic information

A retrospective analysis was conducted on the
clinical data of 137 pregnant women with hyper-
tensive disorders who underwent painless de-
livery at The Second People’s Hospital of Linhai
City from July 2022 to July 2024. Inclusion cri-
teria: @ Meeting the clinical diagnostic criteria
for hypertensive disorders of pregnancy [15];
2 SBP > 90 mmHg, DBP > 140 mmHg; ® Sing-
leton pregnancy with gestational age > 28 we-
eks; @ American Society of Anesthesiologists
(ASA) [16] classification I-ll; & Complete clini-
cal data, comprehensive prenatal examina-
tions, no significant cephalopelvic dispropor-
tion, and delivery at our hospital. Exclusion
criteria: O Multiple pregnancies; @ Combined
with ectopic pregnancy, gestational diabetes,
placental abruption, severe preeclampsia, etc.;
(3 Presence of birth canal abnormalities and/
or oligohydramnios (< 400 mL); @ Presence of
umbilical cord around the neck for more than 2
weeks; ) Severe organ dysfunction; ® Presen-
ce of immune system, hematological diseases,
and/or severe infections; (@ Accompanied by
cognitive dysfunction and/or psychiatric disor-
ders; Allergic reactions or contraindications
to the treatment or interventions used in this
study. The patients were divided into a control
group (n=68, receiving Doula delivery analge-
sia) and an observation group (n=69, receiving
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combined spinal-epidural anesthesia and epi-
dural analgesia) based on the analgesic inter-
ventions received. This study was approved by
the Medical Ethics Committee of The Second
People’s Hospital of Linhai City. The study was
conducted in accordance with the Declaration
of Helsinki.

Sample size calculation

The sample size for this study was determined
through a statistical power analysis. Based on
prior research and clinical experience, we antic-
ipated a medium effect size of 0.5 (Cohen’s d),
a significance level (&) of 0.05, and a statistical
power (1-B) of 0.8. According to these parame-
ters, the power analysis indicated that a mini-
mum of 63 participants per group were required
to detect statistically significant differences. To
account for possible dropout and incomplete
data, a total of 137 participants were included
in this study (68 in the control group and 69 in
the observation group), exceeding the calculat-
ed minimum of 126 participants. This ensures
adequate statistical power for the study’s anal-
yses and enhances the reliability of the results.
The power analysis was performed using stan-
dard statistical methods and confirmed that
the sample size is sufficient to detect differ-
ences in labor duration, pain relief, blood pres-
sure control, and maternal and neonatal out-
comes.

Methods

During the preoperative preparation stage, the
pregnant women were instructed to fast for 12
hours and refrain from drinking water for 4
hours. Routine oxygen therapy was adminis-
tered, and their vital signs were closely moni-
tored. Before the start of the surgery, an intra-
venous line was established in the upper limb,
and the patients were positioned in the left lat-
eral decubitus position to facilitate the proce-
dure. During the latent phase of the first stage
of labor, a vaginal examination was conducted
every 4 hours, and fetal heart monitoring was
performed to assess labor progress. Upon en-
tering the active phase, vaginal examinations
and fetal heart monitoring were performed
every 2 hours. In the second stage of labor,
continuous fetal heart monitoring was per-
formed, and patients were guided to undergo
natural delivery. In case of any emergency, for-
ceps or episiotomy were used to assist delivery
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as needed. If these methods were ineffective, a
cesarean section was promptly performed.

Control group: The control group received Dou-
la delivery analgesia. When cervical dilation
reached 2 cm or more, the Doula delivery anal-
gesia device (manufactured by Shanghai Huan-
xi Medical Device Co., Ltd., model YX-101) was
used for pain relief. The device was operated
strictly according to the manufacturer’s instruc-
tions, and patients were guided to cooperate
actively to complete the entire delivery process
smoothly.

Observation group: The observation group rece-
ived combined spinal-epidural anesthesia and
epidural analgesia. The procedures were as fol-
lows: First, epidural puncture was performed at
the L2-L3 intervertebral space, and a 25 G spi-
nal anesthesia needle was inserted into the
subarachnoid space. A slow injection of 10-15
mg of 1% ropivacaine hydrochloride (Jiangsu
Hengrui Medicine Co., Ltd., National Medicine
Standard H20060137) and 5-10 pg of fentanyl
citrate (Yichang Humanwell Pharmaceutical
Co., Ltd., National Medicine Standard H420220-
76) was administered. Then, an epidural cath-
eterwas placed and connected to a patient-con-
trolled analgesia micro-pump (Henan Tuoren
Medical Device Group Co., Ltd., model TR-10-
275). A mixture of 50 ug/mL of fentanyl and
0.1% ropivacaine hydrochloride was injected
through the micro-pump, with a total volume of
100 mL. The dosage for each administration
was 5 mL, the infusion rate was maintained at
6 mL/h, and the time interval between doses
was 15 minutes. After the procedure, combined
epidural analgesia was implemented with an
injection of 0.4 ug sufentanil citrate and 0.1%
ropivacaine hydrochloride. The loading dose
was 5 mL, and the maintenance dose was also
6 mL/h, with a time interval of 30 minutes be-
tween doses.

Observation indicators

(1) Time spent in each stage of labor: The dura-
tion of the first, second, and third stages of
labor was uniformly recorded by the medical
staff at our hospital.

(2) Pain assessment: Pain levels were evaluat-
ed using the Visual Analog Scale (VAS) [17] at
four time points: pre-analgesia, during the first,
second, and third stages of labor. The VAS
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Table 1. Comparison of general data between the two groups [X%s, n (%)]

Gestational Parity ASA Classification
Group Age (years) — -

Age (weeks) Primipara  Multipara Grade | Grade Il
Control group (n=68) 25.37+2.46 39.17+0.34 28 (41.18) 40 (58.82) 19 (27.94) 49 (72.06)
Observation group (n=69) 25.84+2.32 39.09+0.38 33(47.83) 36(52.17) 16(23.19) 53(76.81)
t/x? 1.15 1.298 0.613 0.406
P 0.251 0.196 0.433 0.523

ASA Classification: American Society of Anesthesiologists Physical Status Classification System.

scores range from O to 10, with higher scores
indicating greater pain.

(3) Blood pressure assessment: Systolic blood
pressure (SBP) and diastolic blood pressure
(DBP) were measured using an automatic blood
pressure monitor before analgesia, 10 minutes
after analgesia, during the active phase, and
during the second stage of labor.

(4) Serum biomarker levels: Before and after
delivery, 6 mL of venous blood was drawn from
the patients, centrifuged routinely to obtain the
supernatant. Prolactin (PRL) levels were mea-
sured using chemiluminescence, and tissue-
type plasminogen activator (t-PA) levels were
measured using enzyme-linked immunosor-
bent assay (ELISA). The ELISA kit for t-PA was
purchased from Wuhan Saipei Biotechnology
Co., Ltd. (Lot No. SP11580).

(5) Maternal and neonatal outcomes: Cesarean
section rate, postpartum hemorrhage rate, po-
stpartum hemorrhage volume, neonatal asphy-
xia rate, and neonatal Apgar score [18] were
recorded. Apgar scores range from 0 to 10, with
higher scores indicating better neonatal condi-
tion.

Statistical analysis

GraphPad Prism 8 software was used for graph-
ing, and SPSS 22.0 software was used for data
processing. Count data were expressed as (n,
%) and analyzed by x? test; measurement data
were expressed as (Xzs), with independent
sample t-test used for comparisons between
the two groups and paired t-test used for intra-
group comparisons. For data collected at mul-
tiple time points, repeated measures analysis
of variance (ANOVA) was conducted to assess
differences across time points, between gr-
oups, and their interactions. Post hoc pairwise
comparisons were performed using Bonferroni
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correction where appropriate. P < 0.05 was
considered statistically significant.

Results
Comparison of general data

The general data of the two groups was compa-
rable, with no statistically significant differenc-
es (P > 0.05), as shown in Table 1.

Comparison of labor duration

ANOVA revealed significant differences in labor
duration between groups (F=10.279, P < 0.05),
across time points (F=35.794, P < 0.05), and in
the interaction between group and time (F=
16.589, P < 0.05). Within groups: The duration
of the second and third stages of labor was sig-
nificantly shorter than that of the first stage in
both groups (P < 0.05). Between groups: The
duration of the second stage labor showed no
significant difference (P > 0.05), while the first
and third stages of labor were significantly
shorter in the observation group compared to
the control group (P < 0.05), as shown in Figure
1.

Comparison of pain levels

ANOVA showed significant differences in VAS
scores between groups (F=19.785, P < 0.05),
across time points (F=8.637, P < 0.05), and in
the interaction between group and time (F=
14.492, P < 0.05). Within groups: In both gr-
oups, the VAS scores during the first, second,
and third stages of labor were significantly lo-
wer than those before analgesia (P < 0.05).
Between groups: There was no significant dif-
ference in VAS scores before analgesia between
the two groups (P > 0.05). However, during the
first, second, and third stages of labor, the VAS
scores were significantly lower in the observa-
tion group compared to the control group (P <
0.05), as shown in Figure 2.
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Figure 1. Comparison of labor duration between the
two groups (x+s, min). Note: *P < 0.05, compared
with the control group at the same time point; #P <
0.05, compared with the first stage of labor in the
same group; AP < 0.05, compared with the second
stage of labor in the same group.

Comparison of blood pressure

ANOVA revealed significant differences in SBP
between groups (F=5.572, P < 0.05), across
time points (F=10.295, P < 0.05), and in the
interaction between group and time (F=8.149,
P < 0.05). Similarly, significant differences were
observed for DBP by group (F=4.915, P < 0.05),
time (F=9.761, P < 0.05), and interaction (F=
7.784, P < 0.05). Within groups: In both groups,
the SBP and DBP levels at 10 minutes after
analgesia, during the active phase, and during
the second stage of labor were significantly
lower than those before analgesia (P < 0.05).
Between groups: There was no significant dif-
ference in SBP and DBP levels before analgesia
between the two groups (P > 0.05). However,
10 minutes after analgesia, during the active
phase, and during the second stage of labor,
the SBP and DBP levels were significantly lower
in the observation group than in the control
group (P < 0.05), as shown in Figure 3.

Comparison of serum biomarkers

The PRL and t-PA levels increased after delivery
compared to before delivery in both groups (P <
0.05). The observation group had higher PRL
levels and lower t-PA levels compared to the
control group after delivery (P < 0.05), as shown
in Figure 4.

Comparison of maternal and neonatal out-
comes

The observation group had lower cesarean sec-
tion rate, postpartum hemorrhage rate, post-
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Figure 2. Comparison of pain levels between the
two groups during various periods (Xs, points).
VAS score: Pain assessed using the Visual Analogue
Scale (VAS) score. Note: *P < 0.05, compared with
the control group at the same time point; #P < 0.05,
compared with the first stage of labor in the same
group; AP < 0.05, compared with the second stage of
labor in the same group; AP < 0.05, compared with
before analgesia in the same group.

partum hemorrhage volume, and neonatal as-
phyxia rate compared to the control group (P <
0.05). There was no significant difference in
neonatal Apgar scores between the two groups
(P > 0.05), as shown in Table 2.

Discussion

The intense pain experienced during childbirth
is considered one of the most severe pain expe-
riences in a woman’s life, and patients with
gestational hypertension are particularly vul-
nerable to the negative impacts of pain due to
the nature of their condition [19]. As pain inten-
sifies, women may experience adverse emo-
tions such as fear, anxiety, and tension. These
emotional responses further exacerbate the
body’s stress reaction, leading to a significant
secretion of stress hormones like adrenaline
and norepinephrine. The increase in these
endogenous and exogenous stress substances
not only disrupts the autonomic nervous sys-
tem function but may also cause a series of
negative effects, including a sharp rise in blood
pressure, uterine contractions disturbances,
poor cervical dilation, and ineffective contrac-
tions [20]. These physiological changes can
directly affect the progression of labor, poten-
tially leading to prolonged labor and increasing
the risks of severe complications such as post-
partum hemorrhage, neonatal asphyxia, and
fetal distress. Additionally, prolonged pain and
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Figure 3. Comparison of blood pressure between two groups at various time points (X s, mmHg). Note: A: Systolic
Blood Pressure (SBP) levels; B: Diastolic Blood Pressure (DBP) levels. *P < 0.05, compared with the control group at
the same time point; #P < 0.05, compared with 10 minutes after analgesia in the same group; AP < 0.05, compared
with the active phase in the same group; AP < 0.05, compared with before analgesia in the same group.
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Figure 4. Comparison of serum biomarkers between the two groups before and after delivery (X £s). A: Serum levels
of prolactin (PRL) levels; B: Tissue-type plasminogen activator (t-PA) levels. Note: *P < 0.05, compared with before
delivery within the same group; #P < 0.05, compared with the control group after delivery.

Table 2. Comparison of maternal and neonatal outcomes between the two groups [X s, n (%)]

Cesarean Postpartum Postpartum Hemorrhage Neonatal Neonatal Apgar
Section Rate Hemorrhage Rate Volume (mL) Asphyxia Rate Score (points)
Control group (n=68) 17 (25.00) 13 (19.12) 243.86+12.79 8 (11.76) 9.26+0.78
Observation group (n=69) 6 (8.70) 3(4.35) 223.57+10.34 1(1.45) 9.32+0.75
t/x? 6.517 7.243 10.218 4.375 0.459
P 0.01 0.007 < 0.001 0.036 0.647
stress responses may also weaken the moth- attention to labor pain has grown. Numerous
er's physical strength, further increasing the studies [21, 22] have demonstrated that appro-
risk of cesarean section. Therefore, effective priate pain management not only alleviates
pain relief during labor for patients with gesta- maternal suffering but also improves labor out-
tional hypertension is critical for ensuring ma- comes, shortens labor duration, and reduces
ternal and neonatal safety. In recent years, with the incidence of maternal and neonatal compli-
advancements in perinatal medicine, clinical cations. For patients with gestational hyperten-
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sion, selecting the appropriate analgesic meth-
od is crucial, not only to relieve pain but also to
stabilize blood pressure and facilitate smooth
delivery, thereby ensuring maternal and infant
health. Therefore, pain management for pa-
tients with gestational hypertension is a crucial
measure for improving labor quality and reduc-
ing labor risks, ultimately contributing to mater-
nal and neonatal safety.

Labor analgesia refers to various techniqu-
es used to alleviate or eliminate pain during
childbirth, effectively reducing stress respons-
es and minimizing the occurrence of adverse
events. Among the available methods, labor
analgesia using a parturition guide has gained
significant attention in recent years as a non-
pharmacological approach. This technique in-
volves the continuous delivery of low-frequency
D-T pulse waves to provide gentle and sus-
tained stimulation to specific peripheral nerves
of the laboring woman. This stimulation promo-
tes the natural production of endogenous opi-
oids (pain-relieving substances similar to mor-
phine) within the body, activating the pain relief
system and enhancing the release of analgesic
neurotransmitters to reduce pain [23]. However,
despite avoiding the medical risks associated
with pharmacological analgesia, a study [24]
has shown that the overall analgesic effect of
labor analgesia using a parturition guide often
falls short of clinical expectations, particularly
during intense pain during childbirth, where its
effectiveness appears relatively limited. There-
fore, there is a need to explore more effective
analgesic methods in clinical practice.

Epidural anesthesia is a common method of
spinal block anesthesia, which achieves region-
al anesthesia by blocking the sensory nerves
that innervate the uterus, thereby effectively
reducing pain during labor [25]. Ropivacaine hy-
drochloride, a long-acting amide-type local an-
esthetic, is commonly used in epidural anes-
thesia. It has unique nerve-blocking properties,
selectively blocking sensory nerves while hav-
ing minimal effect on motor nerves, thus pro-
viding pain relief without significantly affecting
uterine contractions. Additionally, its minimal
impact on visceral function, blood pressure,
and normal intestinal motility makes it a safer
option in obstetric anesthesia [26]. Despite its
significant advantages in alleviating labor pain,
epidural anesthesia also has some limitations.
Previous study [27] has shown that while ropi-
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vacaine hydrochloride effectively blocks sensi-
tive sensory nerves and maintains the mother’s
consciousness, its muscle relaxant effect is
relatively weak, which may lead to intraopera-
tive injuries and potentially affect wound hea-

ling.

Combined spinal-epidural anesthesia is a me-
thod that combines epidural anesthesia with
spinal anesthesia techniques. Compared to
single epidural anesthesia or other anesthesia
methods, combined spinal-epidural anesthesia
demonstrates more prominent efficacy in terms
of onset speed and pain relief. By achieving
dual sensory nerve blockade, it reduces the re-
quired amount of anesthetic medication, pro-
vides better muscle relaxation, facilitates han-
dling of deep tissues during surgery, and mini-
mizes damage to surrounding tissues, thus ai-
ding in the smoother healing of the surgical
wound [28]. An additional study [29] indicated
that combined spinal-epidural anesthesia, thr-
ough intrathecal administration, can acceler-
ate the onset of analgesia, quickly lower cate-
cholamine levels, enhance uterine contraction
strength, and reduce cervical tension by block-
ing spinal nerves below T10. This relaxation of
vaginal and pelvic muscles reduces labor resis-
tance and promotes a smoother delivery. In this
study, we combined epidural analgesia with
spinal-epidural anesthesia to meet the analge-
sic needs of the mother while avoiding adverse
events such as excessive medication doses or
abnormalities in lower limb motor nerve func-
tion caused by local anesthetic accumulation
during continuous medication. This approach
allows for more precise control of analgesia
while enhancing maternal safety and comfort
[301.

The results of this study indicate that the obser-
vation group showed significantly better perfor-
mance than the control group in key indicators
such as labor duration, pain levels, blood pres-
sure changes, and maternal and infant out-
comes. This suggests that the combined use of
spinal-epidural anesthesia and epidural anal-
gesia effectively shortens labor duration for
women with pregnancy-induced hypertension,
reduces pain during labor, and lowers blood
pressure levels, thus achieving more favorable
delivery outcomes.

Regarding maternal and infant health, milk pro-
duction and secretion are regulated by various
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factors, including genetic background, environ-
mental influences, physiological status, and en-
docrine regulation [31]. Research has confir-
med the critical role of prolactin (PRL) in lacta-
tion. During labor, intense pain and psychologi-
cal stress often trigger neuroendocrine res-
ponses that lead to metabolic changes, which
can inhibit milk production and secretion,
adversely affecting early breastfeeding suc-
cess. This study found that PRL levels in the
observation group were significantly higher
than in the control group after delivery, sug-
gesting that the combined use of spinal-epidur-
al anesthesia and epidural analgesia helps pro-
mote PRL secretion in women with pregnancy-
induced hypertension. This improvement may
be attributed to the effective pain relief provid-
ed by this anesthesia method, which reduces
the inhibitory effects of intense pain and stress,
thus supporting smoother breastfeeding. The
findings align with previous studies indicating
that alleviating pain and stress enhances the
neuroendocrine environment for lactation in
preeclamptic women, who often experience im-
paired milk production due to hormonal imbal-
ances and the increased physiological strain of
pregnancy [32].

Furthermore, trauma and stress responses dur-
ing labor can lead to tissue hypoxia and isch-
emia, triggering the release of a large amount
of tissue factors that activate fibrinolysis and
coagulation processes, potentially resulting in
disseminated intravascular coagulation (DIC)
and microthrombosis. Tissue plasminogen acti-
vator (t-PA), an essential component of the fibri-
nolytic system, is closely related to endothelial
cell damage and stress responses [33]. Elevat-
ed t-PA levels, indicating enhanced fibrinolytic
activity, are associated with a higher risk of
complications such as DIC and postpartum
hemorrhage. This study found that t-PA levels
were significantly lower in the observation gr-
oup compared to the control group after deliv-
ery, suggesting that combined spinal-epidural
anesthesia and epidural analgesia can reduce
the trauma experienced by the mother during
labor and provide protection against excessive
fibrinolysis. The observed decrease in t-PA lev-
els likely reflects a reduction in stress-induced
endothelial damage and a more stable coagula-
tion profile, which can significantly reduce the
risk of postpartum hemorrhage and other th-
rombotic complications. This protective effect
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is particularly crucial for women with pregnan-
cy-induced hypertension, who are at height-
ened risk of coagulopathy and hemorrhage
[34].

In summary, the use of combined spinal-epidur-
al anesthesia and epidural analgesia for pain
management in women with pregnancy-induc-
ed hypertension undergoing labor is superior to
Doula-assisted labor analgesia in accelerating
labor, relieving pain, lowering blood pressure,
improving relevant serum markers, and reduc-
ing the risk of adverse maternal and infant out-
comes. However, it is important to note that
this study has some limitations: @ Small sam-
ple size: The small sample size of this study
may affect the reliability and applicability of the
results and limits the statistical significance of
some findings. @ Study design limitations: This
study is a retrospective analysis, which may
have potential information bias and treatment
selection preferences, making it less persua-
sive than randomized controlled trials or pro-
spective study designs. 3 Single-center study:
This study was conducted at a single hospital,
which may limit the external validity of the
results and the generalizability of the findings
across different healthcare institutions. @ La-
ck of mechanistic research: Although this study
shows that combined spinal-epidural anesthe-
sia and epidural analgesia is more effective
than Doula-assisted labor analgesia in pain
management for women with pregnancy-indu-
ced hypertension, the specific mechanisms are
not fully elucidated. To address these limita-
tions, further research will focus on increasing
the sample size, improving the study design,
and conducting multi-center, large-sample joint
studies to enhance the reliability and compre-
hensiveness of the results. Additionally, mech-
anistic research will be conducted to further
understand the effects of these treatment me-
thods and optimize clinical management.
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