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Abstract:

Cesarean section (CS) is the most frequently performed major surgical procedure worldwide,
with rates steadily increasing and stabilizing between 18% and 22% as observed in this study
at Zliten Medical Center from 2020 to 2025. Spinal anesthesia remains the preferred technique
for these deliveries due to its safety and high success rate, yet it is frequently complicated by
maternal hypotension. This cross-sectional study investigated the effect of preoperative
intravenous fluid therapy on maternal blood pressure stability among 102 pregnant women
undergoing CS under spinal anesthesia in Libya. The participants, primarily aged 30 to 40
years, were monitored for hemodynamic changes and clinical symptoms. Results indicated that
while Normal Saline (NS) was the most common fluid used (67.8%), it only provided mid-
term stabilization and could not completely prevent an early decline in systolic blood pressure,
which dropped to 104 mmHg at 30 minutes post-induction. In contrast, Ringer’s Lactate and
Gelofusine showed relatively better recovery speeds. Nausea and vomiting were the most
prevalent clinical signs of hypotension, affecting 33.3% of patients, followed by sleepiness
and headache. Statistical regression analysis confirmed a significant relationship between both
the type and quantity of preoperative fluids and blood pressure stability (p < 0.001). The study
concludes that although preoperative fluid loading is fundamental in reducing the severity of
spinal anesthesia-induced hypotension, it is insufficient as a standalone preventive measure.
Consequently, the research recommends adopting standardized fluid protocols individualized
to patient characteristics and combining them with vasopressors to optimize maternal and
neonatal safety.

Keywords: Cesarean Section, Spinal Anesthesia, Maternal Hypotension, Intravenous Fluid
Therapy, Hemodynamic Stability.
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1.INTRODUCTION

Cesarean section (CS) is the most frequently performed major surgical procedure worldwide.
By 2020, it was estimated that approximately one in five births would occur via cesarean
delivery, reflecting a substantial increase in its global utilization. In 1990, the worldwide
average rate of cesarean section was reported to be 6.7% (Ropert, 2019).

Spinal anesthesia is currently the preferred anesthetic technique for cesarean deliveries globally
due to its high success rate and favorable safety profile. It is estimated that nearly 72% of
hospital-based cesarean deliveries are conducted under spinal anesthesia (Yu, et. al., 2019).
Despite its widespread use, spinal anesthesia is commonly associated with maternal
hypotension, which remains the most frequent and clinically significant adverse effect during
cesarean section (Ebraham, 2018).

Maternal hypotension during cesarean delivery can compromise uteroplacental perfusion and
pose serious risks to both the mother and the fetus. Therefore, maintaining hemodynamic
stability throughout the procedure is essential, and preventive as well as therapeutic
interventions are required to minimize blood pressure fluctuations (Oh, et.al., 2014). Although
spinal anesthesia is considered the anesthetic technique of choice for cesarean sections, its
hemodynamic consequences—particularly hypotension—continue to represent a major
anesthetic challenge.

Several studies have also compared cesarean delivery trends in the United States with those in
other countries, revealing notable variations in practice patterns. While similar rates of cesarean
sections for breech presentation and fetal distress have been reported in the United States and
northern European countries such as Norway, Scotland, and Sweden, higher rates of cesarean
delivery in the United States have been attributed to previous cesarean sections and labor
dystocia. In light of these considerations, the present study aims to evaluate the effect of
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preoperative intravenous fluid administration on maternal blood pressure during spinal
anesthesia in cesarean section.

2. MATERIALS AND METHODS

2.1 Research Design

This study adopted a cross-sectional research design to investigate the effect of preoperative
intravenous fluid administration on maternal blood pressure during spinal anesthesia for
cesarean section in Libya in 2023. The assessment was based on measuring maternal blood
pressure at predefined time points before and after the induction of spinal anesthesia during the
cesarean procedure.

In addition, a structured questionnaire was administered to pregnant women undergoing
cesarean delivery to collect supplementary data related to preoperative intravenous fluid
administration and its perceived impact on blood pressure stability during spinal anesthesia.
This combined approach enabled a comprehensive evaluation of the relationship between
preoperative fluid therapy and hemodynamic changes associated with spinal anesthesia in
cesarean sections.

2.2 Study Sample

The present study included a sample of 102 pregnant women scheduled for cesarean section at
the Zliten Medical Center as well as selected private clinics operating in Zliten city. The
participants were randomly selected and represented a wide age range, extending from under
20 years to over 40 years.

Ethical approval for the study protocol was obtained from the Faculty of Health Sciences at
Al-Asmarya Islamic University, Libya. All participants were informed about the purpose of
the study prior to data collection.

A structured questionnaire was randomly administered to each participant to assess the
presence of symptoms associated with hypotension following spinal anesthesia. These
symptoms included headache, nausea or vomiting, drowsiness, dizziness, general weakness, or
the absence of any symptoms.

2.3 Scope and Limitations of the Study

This study focused on evaluating the effect of preoperative intravenous fluid administration on
maternal blood pressure during spinal anesthesia for cesarean section. The research was
conducted exclusively at Zliten Medical Center, Al-Juma Domestic Hospital, and selected
private clinics where cesarean deliveries are routinely performed.

Accordingly, the findings of this study are limited to the population and clinical settings within
Zliten city and may not be fully generalizable to other regions or healthcare facilities. The data
were collected over a defined period extending from January 2025 to April 2026.

2.4 Procedure

A structured questionnaire was developed to collect comprehensive data from the study
participants. The questionnaire included demographic characteristics such as maternal age,
categorized into four groups (< 20 years, 20—<30 years, 30—<40 years, and > 40 years). In
addition, medical history variables were recorded, including the presence of chronic diseases
such as hypertension (HTN), diabetes mellitus (DM), asthma, and anemia.

Clinical data collection also encompassed blood pressure measurements taken before and after
the induction of spinal anesthesia, along with relevant parameters such as body weight and
timing of measurements. Information regarding preoperative intravenous fluid therapy was
documented, including the type and volume of fluids administered prior to spinal anesthesia.
Furthermore, signs and symptoms associated with hypotension—such as headache, nausea,
vomiting, dizziness, weakness, or absence of symptoms—were systematically assessed.

The study was conducted at Zliten Medical Center, Al-Juma Domestic Hospital, and selected
private clinics where cesarean sections are routinely performed. Maternal blood pressure was
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continuously monitored and documented both before and after the induction of spinal
anesthesia to identify the occurrence of hypotension and related clinical manifestations.
2.5Statistical Analysis of Data

Data analysis was performed using the Statistical Package for the Social Sciences (SPSS),
version 18. Prior to statistical testing, all quantitative variables were assessed for normality
using the Kolmogorov—Smirnov test. Continuous variables were summarized and presented as
means and standard deviations.

Comparisons of mean values between groups were conducted using the independent samples
t-test, while one-way analysis of variance (ANOVA) was applied to examine differences
among more than two groups. These analyses were used to evaluate variations in blood pressure
levels and the occurrence of hypotension among pregnant women undergoing cesarean section
under spinal anesthesia, in relation to preoperative intravenous fluid administration.
Categorical variables were expressed as frequencies and percentages and analyzed using cross-
tabulation. Pearson’s chi-square test was employed to assess the association between the
dependent variable (maternal hypotension) and independent variables related to preoperative
intravenous fluid therapy during spinal anesthesia for cesarean section. All statistical tests were
two-tailed, and results were considered statistically significant at a confidence level of 95% (p
<0.05).

3. ETHICS APPROVAL

Formal permission to conduct the study was obtained from the relevant authorities at Zliten
Medical Center, including approval from the Head of the Cesarean Section Department.
Informed consent was obtained from all participants prior to their inclusion in the study, and
they were assured of their right to withdraw from the research at any stage without any
consequences. All collected data were handled with strict confidentiality, and participants’
privacy was fully respected throughout the research process.

4. RESULTS
4.1 Cesarean Section Statics

Table 1. The Caesarean Sections Comparison from (2020 — 2024)

Year Caesarean Cases
Total %
2020 1249 21%
2021 1091 18%
2022 1230 21%
2023 1319 22%
2024 1058 18%
Total %
5947 100%

Table (1) presents the annual distribution of cesarean section (CS) cases recorded between
2020 and 2025, with a total of 5,947 cesarean deliveries. The findings indicate a relatively
stable pattern of cesarean section rates over the study period, with annual proportions ranging
from 18% to 22%. The highest proportion was observed in 2023 (22%), while the lowest rates
were recorded in 2021 and 2024 (18%).

These results are consistent with global epidemiological evidence demonstrating a sustained
increase and stabilization of cesarean section rates worldwide over the past three decades.
Globally, the mean cesarean section rate increased from approximately 6.7% in 1990 to more
than 21% by 2018, with projections suggesting a further rise to nearly 28.5% by 2030 if current
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trends continue (Betran et al., 2021). The rates observed in the present study fall within this
global range, indicating that the local pattern of cesarean delivery aligns with international
trends.

Several studies have emphasized that the growing reliance on cesarean delivery is influenced
by a combination of medical, organizational, and socio-demographic factors, including
changes in obstetric practice, increased use of fetal monitoring, medico-legal concerns, and
maternal preferences (Boerma et al., 2018; Soto-Vega et al., 2015). The relatively modest year-
to-year variation observed in this study suggests a consistent clinical reliance on cesarean
section as a mode of delivery, rather than abrupt shifts in obstetric policy.

From an anesthetic and perioperative perspective, the high and sustained volume of cesarean
sections highlights the clinical importance of optimizing anesthetic management during these
procedures. Spinal anesthesia remains the most commonly used technique for cesarean delivery
worldwide; however, maternal hypotension remains one of its most frequent and clinically
significant complications (Kinsella et al., 2018). Consequently, the large number of cesarean
cases documented during the study period provides a strong clinical rationale for investigating
strategies aimed at improving maternal hemodynamic stability, such as the administration of
preoperative intravenous fluids.

In this context, the current study’s focus on the effect of preoperative intravenous fluid therapy
on maternal blood pressure stability during spinal anesthesia is well justified. The findings of
Table (1) underscore that even modest improvements in perioperative management may have
a substantial impact on maternal outcomes, given the high volume of cesarean deliveries
performed annually. This interpretation is consistent with previous research emphasizing that
optimizing fluid management protocols is a key component in reducing anesthesia-related
hypotension and improving both maternal and neonatal safety during cesarean section (Bishop
et al., 2020; Kinsella et al., 2018).

4.2 Age of the participants

A total of 102 pregnant women undergoing cesarean section at Zliten Medical Hospital were
included in the study. Figure (1) illustrates the distribution of the surveyed participants who
received preoperative intravenous fluid therapy during spinal anesthesia, categorized according
to their age groups.

Table 2. Age of the participants

Age Total %
Less than 20 yrs. 21 21%
20 to less than 30 yrs. 29 28%
30 to less than 40 yrs. 47 46%
over 40 yrs. 5 5%
Sum 102 100%

The age distribution of the study participants indicates that the majority of pregnant women
undergoing cesarean section were within the age group of 30 to less than 40 years, accounting
for 46% (n = 47) of the total sample. This finding suggests that cesarean delivery is more
prevalent among women in advanced reproductive age, which is often associated with
increased obstetric risks and medical indications for surgical delivery.

The second largest age group was 20 to less than 30 years, representing 28% (n = 29) of the
participants, followed by women aged less than 20 years at 21% (n = 21). In contrast, women
aged over 40 years constituted of the sample, accounting for only 5% (n = 5).

Overall, the age distribution reflects a concentration of cesarean sections among women in the
middle reproductive age range, which is consistent with clinical practice, as this group is more
likely to experience pregnancy-related complications requiring cesarean delivery. This
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demographic pattern provides an appropriate context for assessing the effect of preoperative
intravenous fluid therapy on maternal blood pressure stability during spinal anesthesia.

4.3 Patient history (Chronic disease)

Table (4.1) illustrates the prevalence of chronic medical conditions among the patients, with
particular emphasis on hypertension, diabetes mellitus, asthma, anemia, and other
comorbidities that may influence maternal hemodynamic stability during spinal anesthesia.

Table 3. Patient history (Chronic disease)

No. | Chronic diseases Total %

1. HTN 5 4.9%
2. D.M 14 13.7%
3. | ASTHMA 19 18.6%
4, ANEMIA 27 26.5%
5 NON 37 36.3%
Sum 102 100%

The results presented in Table (3) demonstrate a noticeable variation in the prevalence of
chronic medical conditions among pregnant women undergoing cesarean section. Anemia was
the most common condition, affecting 26.5% of the participants, highlighting its widespread
occurrence among pregnant women and its potential impact on maternal hemodynamic stability
during spinal anesthesia.

Asthma ranked second with a prevalence of 18.6%, followed by diabetes mellitus at 13.7%,
while hypertension showed the lowest prevalence at 4.9%. Although hypertension is
traditionally considered a major risk factor for blood pressure instability, the presence of
anemia and other chronic conditions may also significantly influence the incidence and severity
of hypotension during spinal anesthesia.

Notably, 36.3% of the participants reported no chronic medical conditions, providing a useful
reference group for comparing blood pressure responses and evaluating the effect of
preoperative intravenous fluid therapy. Overall, these findings emphasize the clinical
importance of thorough preoperative medical assessment, as chronic comorbidities play a
critical role in maternal cardiovascular responses and should be carefully considered when
managing spinal anesthesia for cesarean delivery.

4.4 Blood Pressure before and after spinal anesthesia

Table 4. The findings of (BP) before spinal anesthesia according to Age

Age Blood Pressure (BP) Total %

< 20yrs 130/80 36 38%
20yrs - <30yrs 140/70 28 27%
30yrs - <40yrs 110/60 23 20%
> 40yrs 150/90 15 15%
Sum 102 100%

The distribution of baseline blood pressure (BP) before spinal anesthesia in the present study
revealed notable variations across age groups. Younger women (<20 years) exhibited
predominantly normal-to-high baseline BP, whereas the 30—<40 years group showed. relatively
lower baseline readings, and the >40 years group demonstrated higher BP values, indicating
potential age-related cardiovascular differences.

These findings are consistent with evidence from current literature indicating that baseline
blood pressure is a significant predictor of spinal anesthesia-induced hypotension (SAIH) in
cesarean section. For example, Shitemaw et al. (2020) reported that baseline systolic BP <120
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mmHg was strongly associated with increased risk of intraoperative hypotension following
spinal anesthesia during cesarean delivery (AOR = 6.293, p < 0.05) in an Ethiopian cohort,
underscoring that lower pre-anesthesia BP predisposes to greater hemodynamic instability
under regional block conditions (Shitemaw et al., 2020).

Similarly, Betran et al. (2021) highlighted those physiological changes in pregnancy, including
vascular responsiveness and autonomic balance, influence maternal BP responses under spinal
anesthesia, especially across different age groups and baseline hemodynamic states (Betran et
al., 2021).

Moreover, age-related vascular changes have been discussed in studies showing that elderly
parturients may exhibit more pronounced hypotensive responses to sympathetic blockade, due
to reduced baroreceptor sensitivity and altered cardiac output dynamics (Hothuizen, 2019),
which may explain the relatively higher pre-anesthesia BP in older women (>40 years) in our
sample.

Overall, the age-dependent variations in pre-spinal BP observed in this study align with prior
evidence that baseline hemodynamic status, often influenced by age and cardiovascular
adaptations in pregnancy, is a key factor in predicting maternal BP behavior during spinal
anesthesia for cesarean section.

4.5 The effect of normal saline (SN) fluid on blood pressure level during spinal anesthesia

Table 5. Temporal Changes in Blood Pressure after Spinal Anesthesia According to the Type
and Volume of Preoperative Intravenous Fluids

i Blood Pressure (BP) and Time
Inject | Tot q
Catego | Type of | ed al of measure
: % BP 30mi | 1hr | 1:30h | 2:00h | 2:30
ry Fluids | Amou | Cas
nt es n Lat |ts rs hr
later | er later | later | later
2500C f’gg;‘ 104 |110 | 118 |104 | 125
Groupl | NS c 69 67.8 Diasto
. 70 68 82 83 81
lic BP
2500C ?gg;' 102 |106 |118 |105 | 139
GroupZ | RL o 24 | 235 5o
. 74 70 79 82 74
lic BP
Systoli
Gelofusi | 1000C ¢ (BP) 95 105 | 112 119 110
Groups | ne C o 88  IDiasto
. 62 66 67 74 72
lic BP
100
Sum 102 %

Table (5) illustrates the temporal changes in systolic and diastolic blood pressure following
spinal anesthesia according to the type and volume of preoperative intravenous fluids
administered. The results indicate that Normal Saline (NS) was the most frequently used fluid,
administered to 69 patients (67.8%), reflecting its widespread use in routine obstetric
anesthesia practice due to its availability and familiarity.

In Group 1 (NS, 2500 ml), an initial reduction in systolic blood pressure was observed at 30
minutes post-spinal anesthesia (104 mmHg). This finding is consistent with the well-
established physiological effects of spinal anesthesia, which include sympathetic blockade,
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peripheral vasodilation, and a consequent reduction in systemic vascular resistance (Fitzgerald
et al., 2020). Despite this early decline, systolic blood pressure showed a gradual recovery
within the first hour and at 1.5 hours, reaching 118 mmHg, followed by relative stabilization
at subsequent measurement points.

Diastolic blood pressure exhibited only minor fluctuations and remained within clinically
acceptable limits throughout the observation period. This pattern suggests that normal saline
provides a moderate degree of hemodynamic support, although it does not fully eliminate the
risk of early hypotension immediately following spinal anesthesia.

These findings are in agreement with previous studies reporting that crystalloid preloading
alone is often insufficient to completely prevent spinal anesthesia—induced hypotension, but
can attenuate its severity and duration (Oh et al., 2014; Munyanziza et al., 2022). Fitzgerald et
al. (2020) similarly noted that while crystalloid fluids contribute to blood pressure
maintenance, their effectiveness is limited by rapid redistribution from the intravascular space,
particularly during the early post-spinal period.

When compared with Ringer’s Lactate and Gelofusine groups, differences were observed in
both the magnitude and speed of blood pressure recovery. Although NS demonstrated
acceptable mid-term blood pressure stabilization, colloid solutions such as Gelofusine showed
a tendency toward more sustained intravascular volume expansion, as reported in earlier
randomized trials (Gunusen et al., 2010; De Jong & Den Hartog, 2010). Nevertheless, the
predominant use of NS in the present study reflects real-world clinical practice in many low-
and middle-income settings, where colloids may be less accessible.

Overall, the results of this study suggest that preoperative administration of normal saline in
adequate volumes contributes to improved hemodynamic stability following spinal anesthesia
during cesarean section. However, the early decline in systolic blood pressure observed
indicates that normal saline alone may be insufficient to fully prevent early hypotension,
especially in high-risk patients. This supports current evidence recommending multimodal
preventive strategies, including optimized fluid management combined with vasopressor
therapy, to achieve optimal maternal blood pressure stability during cesarean delivery under
spinal anesthesia (Fitzgerald et al., 2020; Munyanziza et al., 2022).

4.6 Signs and symptoms of hypotension

After induction of spinal anesthesia, arterial blood pressure was systematically monitored and
recorded for each participant. Clinical manifestations suggestive of hypotension were carefully
observed and documented throughout the perioperative period. The collected findings
regarding blood pressure changes and associated signs and symptoms of hypotension are
summarized in Table (6).

Table 6. Clinical Signs and Symptoms Associated with Hypotension Following Spinal

Anesthesia

No. | Signs and symptoms Total %
1. | Headache 14 13.7%

2. | Nausea or vomiting 34 33.3%

3. | sleepiness 29 28.4%

4. | dizziness 11 10.8%

5. | weakness 8 7.8%

6. | others 6 5.9%

Sum 102 100%

spinal anesthesia among the study participants. The findings indicate that nausea and vomiting
were the most frequently reported symptoms, occurring in 34 patients (33.3%), followed by
sleepiness in 29 patients (28.4%) and headache in 14 patients (13.7%). Less common

143 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



manifestations included dizziness (10.8%) and general weakness (7.8%), while other
symptoms were reported in a small proportion of cases (5.9%).

This pattern of clinical manifestations is consistent with the well-documented physiological
effects of spinal anesthesia—induced hypotension, which results primarily from sympathetic
blockade leading to peripheral vasodilation, reduced venous return, and transient decreases in
cerebral and gastrointestinal perfusion. Several studies have identified nausea and vomiting as
the most common early clinical indicators of maternal hypotension during spinal anesthesia for
cesarean section (Fitzgerald et al., 2020; Kinsella et al., 2018).

The relatively high prevalence of sleepiness observed in the present study may reflect mild
cerebral hypoperfusion secondary to transient reductions in systolic blood pressure. Similar
findings were reported by Oh et al. (2014), who noted that neurological symptoms such as
drowsiness and headache often accompany early hypotensive episodes, even before marked
declines in blood pressure are detected on monitoring devices.

Headache, reported by 13.7% of participants, may be attributed to fluctuations in cerebral blood
flow or early post-dural puncture effects, although its incidence in this study remained lower
than that of gastrointestinal symptoms. This observation aligns with previous reports indicating
that headache is less frequent than nausea and vomiting in spinal anesthesia—related
hypotension (Munyanziza et al., 2022).

The comparatively low incidence of dizziness and generalized weakness suggests that most
hypotensive episodes were mild to moderate in severity, without progression to severe
hemodynamic instability. This may be explained by the early identification of symptoms and
timely interventions, including preoperative fluid administration and continuous hemodynamic
monitoring. De Jong and Den Hartog (2010) emphasized that prompt recognition of subjective
symptoms is crucial, as clinical manifestations often precede significant numerical declines in
blood pressure.

Overall, the findings of this study reinforce the importance of systematic monitoring of clinical
symptoms in conjunction with blood pressure measurements during spinal anesthesia for
cesarean delivery. Reliance solely on numerical blood pressure values may underestimate early
hypotensive events, whereas symptom-based assessment provides an additional layer of
clinical safety. These results support current anesthetic guidelines advocating for early
preventive and corrective strategies to minimize maternal discomfort and optimize
hemodynamic stability during cesarean section under spinal anesthesia (Kinsella et al., 2018;
Fitzgerald et al., 2020).

Table 7. Statistical Analysis of the Impact of Intravenous Fluid Characteristics on Maternal
Hypotension Following Spinal Anesthesia

Correlati Determinat = Regressi
variab | 2" ion F Tabul P- t- on Decisi

Coefficie . Calculat Val Coefficie
le Coefficient ar test on

nt (R?) ed Value Value | Y€ nt

(r B
Fluid 0.876 0.749 241.657 0.00 |18.1 |0.876 There
Type 0 5 is an

3.94 effect

Quanti | 0.924 0.817 315.943 ' 0.00 | 24.1 | 0.924 There
ty of 0 5 is an
Fluid effect

Table 7 presents a regression analysis examining the influence of both type and quantity of
preoperative intravenous fluids on maternal hypotension induced by spinal anesthesia. The
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correlation coefticients (r = 0.876 for fluid type and r = 0.924 for fluid quantity) indicate strong
positive relationships between these predictors and maternal blood pressure outcomes. The
high determination coefficients (R* = 0.749 and 0.817, respectively) suggest that a substantial
portion of the variance in hypotension outcomes is explained by these variables. Furthermore,
the calculated F values far exceed the tabular critical values (3.94), and the t-tests (t = 18.15
and t = 24.18) are highly significant (p <0.001), confirming that both fluid characteristics have
a statistically significant effect on maternal hypotension following spinal anesthesia.

These findings are consistent with the broader literature demonstrating that fluid management
plays a key role in mitigating spinal anesthesia—induced hypotension (SAIH) in cesarean
delivery. For instance, a systematic review and meta-analysis highlighted that intravenous fluid
loading—whether crystalloid or colloid—is a recognized strategy for reducing the incidence
and severity of hypotension after spinal anesthesia in obstetric patients, though it may be most
effective when combined with vasopressors and other hemodynamic support measures (Rijs et
al., 2020).

Similarly, epidemiological and clinical studies have identified preload status and volume of
intravenous fluids as critical factors associated with the risk of developing hypotension. In a
large cohort from Ethiopia, lack of preoperative fluid preload was associated with a
significantly higher likelihood of hypotension after spinal anesthesia in cesarean patients
(Barud et al., 2025). Such associations reinforce the current study’s demonstration that the
quantity of fluid delivered prior to anesthesia is a powerful predictor of blood pressure stability.
Other research suggests that while fluid therapy alone may not completely prevent hypotension,
it remains an essential component of multimodal protocols aimed at stabilizing maternal
hemodynamics during spinal anesthesia (Shitemaw et al., 2020; Fletcher, 2022). These studies
collectively corroborate the present findings, indicating that optimized preload and appropriate
fluid choice significantly influence maternal blood pressure outcomes following spinal
anesthesia.

In sum, the results of Table 7 align with a body of evidence supporting targeted fluid
management to mitigate spinal anesthesia—induced hypotension in cesarean deliveries. Given
the well-documented physiologic mechanisms underlying hypotension in this context—
primarily due to sympathetic blockade and decreased venous return—the significant predictive
effect of fluid characteristics observed in this study is both biologically plausible and consistent
with current clinical evidence.

5. DISCUSSION

The present study provides a comprehensive analysis of maternal hemodynamic behavior
during cesarean section under spinal anesthesia, with particular emphasis on the role of
preoperative intravenous fluid therapy. The findings demonstrate a relatively stable cesarean
section rate between 2020 and 2025, ranging from 18% to 22%, which is consistent with global
trends indicating stabilization of cesarean delivery rates at relatively high levels worldwide
(Boerma et al., 2018; Betran et al., 2021). This sustained volume of cesarean sections
underscores the clinical importance of optimizing anesthetic and perioperative management
strategies to minimize maternal complications, particularly hypotension.

The demographic profile revealed that most cesarean deliveries occurred among women aged
30-<40 years, an age group often associated with increased obstetric risk and medical
indications for surgical delivery. This distribution aligns with previous studies suggesting that
advanced maternal age is frequently linked to higher cesarean section rates and greater
susceptibility to hemodynamic instability during spinal anesthesia (Hofhuizen, 2019).
Additionally, the high prevalence of anemia among participants represents a clinically relevant
factor that may exacerbate hypotensive resonses by reducing oxygen delivery and
cardiovascular reserve, as supported by earlier reports (Shitemaw et al., 2020).
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Baseline blood pressure varied across age groups, with lower pre-spinal values observed in
women aged 30-<40 years, a finding that is clinically significant given that low baseline
systolic blood pressure has been identified as a strong predictor of spinal anesthesia—induced
hypotension (SAIH). This observation is consistent with previous evidence indicating that
baseline hemodynamic status plays a critical role in determining maternal blood pressure
responses following spinal anesthesia (Kinsella et al., 2018; Shitemaw et al., 2020).
Regarding fluid management, normal saline was the most frequently administered preoperative
fluid. Although its use was associated with partial recovery and mid-term stabilization of blood
pressure, an early decline in systolic blood pressure was consistently observed following spinal
anesthesia. This pattern reflects the well-established physiological effects of sympathetic
blockade and rapid redistribution of crystalloids, and is in agreement with prior studies
demonstrating that crystalloid loading alone may attenuate but not fully prevent hypotension
(Oh et al., 2014; Fitzgerald et al., 2020). Comparisons with Ringer’s Lactate and Gelofusine
suggest that colloid solutions may offer more sustained intravascular volume expansion,
although their routine use may be limited by availability and cost in low-resource settings.
Clinical manifestations of hypotension, particularly nausea, vomiting, and sleepiness, were
common and aligned with classical descriptions of SAIH. These symptoms often precede
marked numerical declines in blood pressure and therefore represent valuable early indicators
of hemodynamic compromise (De Jong & Den Hartog, 2010; Kinsella et al., 2018). The
predominance of mild-to-moderate symptoms in this study likely reflects timely monitoring
and intervention.

Finally, regression analysis confirmed that both the type and quantity of preoperative
intravenous fluids exert a statistically significant effect on maternal hypotension, explaining a
substantial proportion of the variance in blood pressure outcomes. These findings are strongly
supported by contemporary literature emphasizing that adequate fluid preload is a key
determinant of maternal hemodynamic stability, particularly when integrated into multimodal
preventive strategies that include vasopressor support (Rijs et al., 2020; Fletcher, 2022).
Overall, the results of this study reinforce current evidence that while preoperative intravenous
fluids play a crucial role in mitigating spinal anesthesia—induced hypotension, fluid therapy
alone is insufficient for complete prevention. Optimized, individualized fluid management
combined with vigilant monitoring and adjunctive measures remains essential to ensure
maternal safety during cesarean delivery under spinal anesthesia.

6. CONCLUSIONS AND RECOMENDATION
6.1 CONCLISIONS

1. The study revealed that cesarean section rates during the period (2020-2025) were
relatively high and stable, reflecting an increasing reliance on this mode of delivery within
the healthcare institutions included in the study.

2. It was found that the age group (30 to less than 40 years) represented the highest
proportion of women undergoing cesarean section, which is associated with increased
pregnancy-related risks with advancing reproductive age.

3. The results indicated a notable prevalence of certain chronic diseases among pregnant
women, particularly anemia, which may adversely affect hemodynamic stability during
spinal anesthesia.

4. Differences in baseline blood pressure prior to spinal anesthesia were observed according
to age, with lower pre-anesthetic blood pressure being associated with a higher likelihood
of post-anesthetic hypotension.

5. The findings demonstrated that spinal anesthesia leads to a significant decrease in arterial
blood pressure during the first minutes following its administration, primarily due to
sympathetic blockade and peripheral vasodilation.
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6. Normal saline was the most frequently used intravenous fluid prior to spinal anesthesia
and contributed to improving mid-term hemodynamic stability, although it did not
completely prevent early hypotension.

7. Other fluids, such as Ringer’s Lactate and Gelofusine, showed a relative improvement in
the speed of blood pressure recovery compared to normal saline alone.

8. Nausea and vomiting were identified as the most common symptoms associated with
hypotension, followed by drowsiness and headache, highlighting the importance of
clinical assessment in addition to numerical blood pressure measurements.

9. Statistical analysis confirmed a strong and statistically significant relationship between
both the type and quantity of intravenous fluids and blood pressure stability following
spinal anesthesia.

10. The results demonstrated that preoperative fluid therapy is a fundamental factor in
reducing the severity of hypotension; however, it is insufficient on its own to completely
prevent its occurrence.

6.2 RECOMMENDATIONS

1. The adoption of clear and standardized protocols for preoperative intravenous fluid
management in cesarean section procedures is strongly recommended.

2. The general health status of the pregnant woman, particularly the presence of anemia or
chronic diseases, should be carefully considered when planning anesthesia.

3. Exclusive reliance on crystalloid solutions should be avoided, and they should be
combined with other strategies, such as the use of vasopressors when indicated.

4. Continuous and precise blood pressure monitoring should be ensured during the early
postoperative period following spinal anesthesia.

5. Medical staff should be trained to recognize early clinical signs of hypotension and not
rely solely on numerical blood pressure readings.

6. Intravenous fluid volumes should be individualized according to the patient’s age and
baseline blood pressure prior to anesthesia.

7. The implementation of safe anesthesia protocols in obstetric units should be strengthened,
particularly in resource-limited settings.

8. Future comparative studies between different types of intravenous fluids are encouraged.

9. The findings of this study should be incorporated into training programs for
anesthesiologists and midwifery staff.

10. Clinical documentation and follow-up systems should be improved to ensure quality of
care and maternal safety.
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