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ABSTRACT

Background: Spinal anesthesia is widely used for caesarean sections due to its reliability and safety. However, the conventional dose of
bupivacaine (around 10 mg) often causes significant drops in blood pressure and prolonged motor block, which can negatively impact maternal and
neonatal outcomes. Combining a lower dose of bupivacaine with intrathecal fentanyl has been suggested to provide effective anesthesia while
minimizing these side effects. Objectives: This study aimed to compare the effects of 7.5 mg bupivacaine plus 25 pg fentanyl versus a conventional
10 mg dose of bupivacaine alone in elective caesarean sections. The primary focus was on maternal hemodynamic stability, block characteristics,
analgesia duration, and neonatal outcomes. Methods: In this randomized, double-blind trial, 50 women scheduled for elective caesarean section
were assigned to either the low-dose bupivacaine with fentanyl group or the conventional-dose bupivacaine group. Maternal blood pressure,
sensory and motor block onset and duration, postoperative analgesia, and neonatal Apgar scores were closely monitored and analyzed. Results:
The low-dose bupivacaine with fentanyl group showed significantly better blood pressure stability, with mean systolic pressures of 117.3 = 12.2
mmHg versus 98.8 + 8.4 mmHg in the conventional group (p < 0.001). Hypotension occurred less frequently (20% vs. 56%, p = 0.004). Sensory
block onset was faster (median 3.2 vs. 4.5 minutes, p = 0.02), and analgesia lasted longer (260 + 40 min vs. 190 + 35 min, p < 0.001). Neonatal
Apgar scores and side effect profiles were similar between groups. Conclusions: Adding fentanyl to a lower dose of bupivacaine enhances
maternal hemodynamic stability and prolongs postoperative analgesia without compromising neonatal well-being, making it a safer and more
effective spinal anesthesia regimen for caesarean sections.
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INTRODUCTION:

Spinal anesthesia is widely accepted as the anesthetic technique of
choice for caesarean section due to its rapid onset, reliable sensory
block, and reduced maternal and fetal risks compared to general
anesthesia[1, 2]. It offers excellent intraoperative analgesia and allows
mothers to remain awake during delivery, thereby improving maternal
satisfaction and enabling immediate mother-infant bonding. However,
the conventional approach to spinal anesthesia for cesarean section
typically involves administering approximately 10 mg of hyperbaric
bupivacaine [1-4]. While effective, this dose is often linked to
significant maternal hypotension, a common complication that occurs
inup to 70% of cases. Maternal hypotension can reduce uteroplacental
blood flow, negatively impacting fetal oxygenation and potentially
leading to neonatal acidosis. Additionally, higher doses of bupivacaine
induce a dense motor block that prolongs postoperative recovery and
delays early ambulation, which is an important consideration in
enhanced recovery protocols [5, 6].

To mitigate these concerns, anaesthesia practice has gradually shifted
toward employing lower doses of local anesthetics combined with
intrathecal opioids such as fentanyl. This approach aims to maintain
adequate sensory block while reducing the dose-dependent adverse
effects of local anaesthetics [5-7]. Fentanyl is a lipophilic opioid with a
rapid onset and short duration of action when administered
intrathecally. When added to local anesthetics, it potentiates analgesic
efficacy by acting synergistically on opioid receptors in the spinal cord
without significantly intensifying motor block. Numerous clinical
trials and meta-analyses have demonstrated that low-dose bupivacaine
(typically between 6 and 8 mg) combined with 20-25 ng of fentanyl
can provide anesthesia comparable to standard doses of bupivacaine
alone, while significantly improving maternal hemodynamic stability
and extending postoperative analgesia duration [6—8].

A key advantage of this combination is the reduction in the incidence
and severity of maternal hypotension. Hemodynamic stability with
this regimen has been consistently reported, with notable reductions in
vasopressor requirements and less frequent episodes of nausea and
vomiting during cesarean delivery. Furthermore, the addition of
fentanyl allows clinicians to minimize the local anesthetic dose
without compromising the quality of anesthesia or increasing the risk
of intraoperative pain. This is particularly beneficial for patients with
cardiovascular comorbidities or those at high risk of hypotension [8-
10].

The duration of effective analgesia following spinal anesthesia is a

critical factor influencing postoperative pain control and maternal
satisfaction. The synergistic effect of intrathecal fentanyl prolongs
sensory blockage, thereby reducing the need for supplemental
systemic analgesics in the immediate postoperative period [3, 6-9].
Consequently, patients experience improved comfort and reduced
opioid-related systemic side effects, such as sedation and respiratory
depression, compared to systemic opioid administration. Additionally,
the diluted local anesthetic solution in combination with fentanyl
facilitates a faster recovery of motor function, thereby enabling earlier
mobilization and reducing the risk of thromboembolic complications.
Despite its advantages, the optimal dose of intrathecal fentanyl
remains a subject of ongoing research. While doses of 25 pg are
commonly used due to their favorable balance of efficacy and
tolerability, higher doses may increase the risk of side effects including
pruritus, urinary retention, and nausea [10-13]. Careful titration to
minimize adverse effects while maintaining analgesic benefits is vital.
Moreover, local practice patterns and patient characteristics may
influence dosing decisions.

Neonatal outcomes are paramount in obstetric anesthesia research.
Studies consistently show that the use of low-dose bupivacaine with
fentanyl does not adversely affect neonatal Apgar scores or umbilical
cord blood gas values, indicating no detrimental effect on immediate
neonatal well-being [12-14]. This underscores the safety of this
anesthetic combination for both mother and baby.

Recent randomized controlled trials comparing low-dose bupivacaine
plus fentanyl versus conventional bupivacaine doses have further
reinforced these findings. These studies highlight superior maternal
blood pressure stability, decreased vasopressor usage, prolonged
postoperative analgesia, and faster motor recovery without
compromising neonatal outcomes [8, 9, 14]. Additionally, patient
satisfaction scores are generally higher with the combined low-dose
regimen, reflecting better overall perioperative experiences.

In the context of evolving anesthetic techniques, the low-dose
bupivacaine-fentanyl spinal anesthesia approach aligns well with
enhanced recovery after surgery (ERAS) protocols, which prioritize
early mobilization, optimized pain control, and reduced perioperative
morbidity [15-17]. Reducing drug doses while maintaining efficacy
supports the ERAS principle of minimizing therapeutic interventions
that cause undue side effects.

Despite the accumulating evidence supporting this regimen,
variability exists in dosing strategies and outcome measures across
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studies. Some reports utilize hypobaric or isobaric solutions, varying
fentanyl doses, and different bupivacaine concentrations and volumes.
This heterogeneity warrants further investigation to establish
standardized dosing algorithms tailored to individual patient and
surgical characteristics, including patient height, weight, and
comorbidities. Furthermore, ongoing research focuses on
incorporating adjuncts such as dexmedetomidine or nalbuphine to
improve hemodynamic profiles and analgesic outcomes further.

This study aims to contribute to the growing body of evidence by
rigorously comparing the anesthetic efficacy, maternal hemodynamic
stability, postoperative analgesic duration, and neonatal outcomes of
low-dose (7.5 mg) hyperbaric bupivacaine combined with 25 pg
intrathecal fentanyl against the conventional 10 mg hyperbaric
bupivacaine dose in patients undergoing elective caesarean section
under spinal anesthesia. By controlling confounding variables through
a randomized, double-blind design and utilizing standardized
monitoring protocols, this research seeks to clarify the clinical benefits
and safety profile of the low-dose bupivacaine-fentanyl spinal
anesthetic regimen.

MATERIALSAND METHODS

Study Design And Setting

This prospective, randomized, double-blind study was conducted at
canadian specialist hospital during the period of february2025 to
august2025. Ethical approval was obtained from the institutional
review board prior to commencing the study. The procedures adhered
to the Declaration of Helsinki principles for human research.
Participants were recruited from pregnant women scheduled for
elective cesarean section after thorough preoperative evaluation and
informed consent.

Participants

The study included full-term parturients classified as American
Society of Anesthesiologists (ASA) physical status I or II, scheduled
for elective cesarean delivery under spinal anesthesia. Key exclusion
criteria were refusal to participate, allergy to local anesthetics or
fentanyl, neurological disorders, coagulopathy, infection at the
puncture site, and emergency or complicated obstetric cases. Patients
with significant cardiovascular or respiratory illnesses were excluded
to minimize confounding hemodynamic effects.

Sample Size And Randomization

Sample size calculation was based on detecting a 30-minute difference
in postoperative analgesia duration between groups with a standard
deviation of 40 minutes, a confidence level of 95%, and 80% power,
yielding a sample size of 25 participants per group. Allocation to either
the low-dose bupivacaine plus fentanyl group (Group S) or
conventional dose bupivacaine group (Group C) was performed by
computer-generated random numbers. To ensure allocation
concealment, sealed opaque envelopes were used, opened only at the
time of spinal anesthesia administration by an independent anesthetist
not involved in patient monitoring or data collection.

Study Groups And Drug Administration

After establishing appropriate intravenous access and standard
monitoring (ECG, noninvasive blood pressure, and pulse oximetry),
spinal anesthesia was administered in the sitting position at the L3-L4
or L4-L5 interspace using a 25G Quincke needle. Group S received 7.5
mg hyperbaric bupivacaine mixed with 25 pg fentanyl diluted to a total
volume of 2.5 mL with preservative-free normal saline. Group C
received 10 mg hyperbaric bupivacaine diluted to the same volume
with saline without fentanyl. The injection was performed manually
over approximately 10-15 seconds without barbotage. Following
injection, patients were immediately placed supine with left uterine
displacement to mitigate aortocaval compression. Supplemental
oxygen at 2-3 L/min via nasal cannula was provided until delivery.

Monitoring And Data Collection

Baseline vital signs were recorded before spinal anesthesia. Maternal
blood pressure and heart rate were documented every 3 minutes for the
first 15 minutes, then every 5 minutes intraoperatively until the end of
surgery. Sensory block to pinprick was assessed bilaterally every 2
minutes until stabilization and thereafter every 15 minutes. Motor
block was evaluated using the modified Bromage scale at similar
intervals. Hypotension was defined as a systolic blood pressure
decrease of more than 25% from baseline and treated with incremental
intravenous ephedrine boluses and fluids (Ringer's lactate). Duration

of effective analgesia was noted as the interval from spinal injection to
first request for analgesia, based on a verbal numeric pain scale >3.
Neonatal Apgar scores were recorded at 1 and 5 minutes post-delivery
by a pediatrician blinded to group allocation. Adverse events (nausea,
vomiting, shivering, pruritus) were documented intra- and
postoperatively.

Outcome Measures

The primary endpoints included maternal hemodynamic stability
(frequency and severity of hypotension), and duration of postoperative
analgesia. Secondary endpoints included time to sensory and motor
block onset, maximum sensory level achieved, neonatal Apgar scores,
and incidence of side effects.

Statistical Analysis

Data were entered into SPSS version 25 for analysis. Normality of
continuous variables was examined using the Shapiro-Wilk test.
Normally distributed data were expressed as mean + standard
deviation and analyzed using Student's t-test. Non-normally
distributed variables were analyzed by Mann-Whitney U test.
Categorical variables, including incidence of hypotension and adverse
effects, were compared using Chi-square or Fisher's exact tests. A two-
tailed p-value <0.05 was considered statistically significant

RESULTS

A total of 50 parturients, equally divided into two groups, completed
the study. There were no significant differences between the low-dose
bupivacaine with fentanyl group (Group S) and the conventional dose
bupivacaine group (Group C) regarding baseline demographics such
as age, BMI, and gestational age (Table 1). This ensured a homogenous
study population minimizing confounding factors.

Table 1: Baseline Characteristics Of Participants

Parameter Group S(n= |Group C (n= |p-value
25) 25)

Age (years) 28.4+3.2 29.1+3.5 0.48

BMI (kg/m?) 263+2.5 27.0+2.7 0.39

Gestational age (weeks)[38.8 + 1.0 389+1.1 0.83

Maternal Hemodynamic Stability

One of the primary endpoints, maternal hemodynamic changes,
showed clear superiority of the low-dose bupivacaine-fentanyl
combination. Group S maintained significantly higher systolic blood
pressures throughout the intraoperative period compared to Group C.
The mean lowest systolic blood pressure recorded in Group S was
117.32 £ 12.21 mmHg versus 98.76 + 8.36 mmHg in Group C (p <
0.001, Student's t-test). The frequency of clinically relevant
hypotension, defined as a greater than 25% drop from baseline systolic
blood pressure, was markedly reduced in Group S (20%) compared to
Group C (56%) (Chi-square = 8.30, p = 0.004). This finding reflects a
more stable cardiovascular profile with low-dose bupivacaine and
fentanyl (Figure 1). Heart rate trends remained comparable between
groups with no significant bradycardia episodes (p =0.45).
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Figure 1: The trajectory of mean systolic blood pressure over time,
highlighting the initial rapid decline in Group C post-spinal injection
and arelatively steadier profile in Group S.
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Sensory And Motor Block Profiles

The onset of sensory block was significantly faster in Group S, with a
median onset time of 3.2 minutes (IQR 2.5-3.8) compared to 4.5
minutes (IQR 3.8-5.2) in Group C (p = 0.02, Mann-Whitney U test).
Both groups achieved a maximum sensory block to the T4 dermatome
level. The motor block onset was similarly accelerated in Group S (4.5
+ 0.9 minutes) versus Group C (5.8 + 1.1 minutes) (p = 0.01).
Importantly, the duration of complete motor block was significantly
shorter in Group S (110 + 20 minutes) compared to Group C (140 £25
minutes), indicating quicker motor recovery facilitating earlier
ambulation (p<0.01) (Table 2).

Table 2: Sensory And Motor Block Characteristics And Duration

adverse neonatal events were recorded, confirming the neonatal safety
ofthe low-dose regimen.

Side Effect Profile

Incidences of maternal adverse effects including nausea, vomiting,
shivering, and pruritus were low and statistically comparable across
groups (Table 3). Pruritus, a known side effect of intrathecal opioids,
occurred in 12% of Group S, not significantly higher than 4% in Group
C (p = 0.30). Vasopressor requirements differed significantly, with
Group C requiring a higher mean dose of ephedrine (15 + 5 mg) versus
Group S (7 =3 mg) (p =0.01), consistent with greater hypotension in
the conventional group.

*Significant at p < 0.05; values expressed as mean + SD unless
otherwise indicated.

Postoperative Analgesia Duration

The low-dose bupivacaine and fentanyl group displayed a pronounced
extension in effective analgesic period. The mean duration before the
first postoperative analgesic requirement was 260 + 40 minutes in
Group S, significantly longer than 190 + 35 minutes observed in Group
C (p < 0.001). This difference is illustrated by the Kaplan—-Meier
survival curve (Figure 2), where Group S demonstrated a significantly
delayed pain onset requiring intervention (log-rank test, p<0.001).

Extended analgesia in Group S is attributable to the synergistic effect
of fentanyl enhancing sensory block without intensifying motor block,
proving advantageous for maternal comfort and early postoperative
recovery.
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Figure 2: Kaplan—Meier survival curve demonstrating the proportion
of parturients free from postoperative analgesic request over time
following spinal anesthesia for cesarean section. The curve for Group
S (low-dose bupivacaine combined with fentanyl, green line) shows
significantly prolonged analgesia compared to Group C (conventional-
dose bupivacaine, orange line). The difference between groups is
statistically significant (log-rank test, p<0.001)

Neonatal Outcomes

Neonatal Apgar scores, a critical safety endpoint, showed no
significant differences between groups at 1 minute (Group S: 8.7 +0.6;
Group C: 8.5+ 0.7; p=0.28) or 5 minutes (Group S: 9.6 = 0.3; Group
C: 9.5+ 0.4; p=0.33). No cases of neonatal respiratory depression or

Parameter Group S Group C p-value Table 3: Incidence Of Adverse Effects
(Low-dose + [(Conventional Adverse Group S (n= [Group C (n = |p-value (Chi-
Fentanyl) dose) Effect 25) 25) square)
Sensory block onset 3.2 (2.5-3.8) [4.5(3.8-5.2) |0.02* Nausea 4 6 0.48
(minutes) [Median [Median (IQR)] |(Mann- Vomiting 2 3 0.64
(IQR)] Whitney U) Shivering 3 4 0.68
Motor block onset [4.5+0.9 58+1.1 0.01%* (t- Pruritus 3 1 0.30
(minutes) test) DISCUSSION
Maxlm(lium sensory | T4 T4 NS (p> The present randomized controlled study compared low-dose
leve ( ermatome) 0.05) hyperbaric bupivacaine combined with intrathecal fentanyl to the
Duration of 110 =20 140 £25 <0.01% (- conventional higher dose of bupivacaine alone in patients undergoing
complete motor test) elective cesarean section [5,9,14]. The results clearly demonstrate that
block (minutes) the combination regimen confers significant advantages in terms of

maternal hemodynamic stability, faster onset of block, prolonged
postoperative analgesia, and equivalent neonatal safety [3].

Hemodynamic stability during spinal anesthesia for cesarean section is
critical because significant hypotension compromises uteroplacental
perfusion and may jeopardize fetal oxygenation [3]. Our data reveal
that the low-dose bupivacaine plus fentanyl group maintained higher
mean systolic blood pressure levels intraoperatively, with fewer
hypotensive episodes (20% vs. 56%, p = 0.004) and reduced
vasopressor requirements compared with the conventional dose group.
This finding corroborates several previous studies that have reported
reduced incidence of hypotension when local anesthetic doses are
lowered and fentanyl is co-administered intrathecally [1-4]. For
instance, Ebrie et al. (2022) showed that low-dose bupivacaine (<8
mg) combined with 25 pg fentanyl reduces maternal hypotension and
improves cardiovascular stability compared to doses exceeding 8 mg
without opioids [3]. Similarly, Ferrarezi etal. (2021) demonstrated that
lowering bupivacaine dosages while adding fentanyl enhances
hemodynamic profiles without sacrificing anesthetic efficacy [1].

The pharmacologic rationale centers on achieving effective blockade
with less local anesthetic, minimizing sympathetic blockade and
vasodilation, while fentanyl augments analgesia via opioid receptors
in the dorsal horn [6,18]. The rapid redistribution and lipophilic nature
of fentanyl contribute to fast onset and effective pain control without
prolonging motor block. Our observation of a significantly faster onset
of sensory and motor block in the fentanyl group supports this
synergistic effect, consistent with findings from Lee et al. (2011) [5]
and Venkata et al.(2015) [4], who noted improved block characteristics
and quicker anesthesia onset with opioid adjuncts.

Critically, the duration of motor block was shorter in the low-dose
fentanyl group (110 vs. 140 minutes, p < 0.01), facilitating earlier
mobilization, aligning with ERAS principles that emphasize reduced
immobility and consequently lower thromboembolic risks. This
contrasts with the prolonged motor paralysis often associated with
higher local anesthetic doses, which delay postoperative recovery.

Postoperative analgesia was markedly prolonged by approximately 70
minutes in the low-dose fentanyl group (mean 260 vs. 190 minutes, p <
0.001). This aligns with the analgesic potency of fentanyl observed in
meta-analyses and randomized studies adding intrathecal opioids to local
anesthetics for cesarean section [6, 7, 14]. Extended analgesia improves
maternal comfort, reduces supplemental opioid consumption, and
potentially improves early breastfeeding outcomes. The Kaplan—-Meier
survival analysis (Figure 2) robustly illustrates this delay in analgesic
need with statistical significance. Lee et al (2011) [19] and Thornton et al
(2015) [20] similarly reported that low-dose bupivacaine with fentanyl
extends postoperative pain relief effectively.

Regarding neonatal safety, our findings of comparable Apgar scores
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and absence of respiratory depression echo existing evidence that
doses of fentanyl up to 25 pg intrathecally are safe for neonates. This is
reassuring given concern about opioid transfer across the placenta,
highlighting the suitability of this regimen for routine clinical use.
Minor maternal side effects (nausea, vomiting, pruritus, shivering) did
not differ significantly between groups, with pruritus incidence
slightly increased but statistically nonsignificant in the fentanyl group.
This is consistent with the opioid-related side effect profile reported in
obstetric anesthesia literature. Reducing bupivacaine dose may have
contributed to lesser nausea and vomiting by limiting hypotension
severity.

Our study strengthens arguments for personalized spinal anesthesia
dosing strategies, taking into account patient-specific factors. Recent
work by Siddiqui et al. (2016) advocates height- and weight-based
dosing algorithms to tailor anesthesia further, optimizing sensory
block and minimizing hemodynamic perturbations [16]. The
integration of opioid adjuncts in these protocols enhances analgesic
efficacy and stability. Future investigations exploring other adjuncts,
such as nalbuphine and dexmedetomidine, show promise in further
improving analgesia and hemodynamic profiles.

Limitations of this study include its single-center design and relatively
small sample size; multicenter trials with larger cohorts would solidify
the evidence base. Additionally, long-term maternal and neonatal
outcomes were not assessed.

CONCLUSIONS

This study confirms that the administration of low-dose hyperbaric
bupivacaine combined with intrathecal fentanyl significantly
improves maternal hemodynamic stability during spinal anesthesia for
elective cesarean section compared to the conventional dose of
bupivacaine alone. The enhanced cardiovascular stability is evidenced
by fewer hypotensive episodes and reduced vasopressor requirements.
In addition, the combination regimen provides faster onset of both
sensory and motor blockades, facilitating efficient surgical conditions
and quicker postoperative motor recovery, which aligns well with
enhanced recovery principles.

Furthermore, prolonged postoperative analgesia observed with the
low-dose bupivacaine plus fentanyl technique ensures superior
maternal comfort and reduces the need for systemic analgesics in the
early postoperative period. Importantly, this analgesic benefit does not
come at the expense of neonatal safety, as Apgar scores and immediate
neonatal outcomes remain unaffected.

The comparable incidence of mild side effects between groups
underscores the overall tolerability of the low-dose combined regimen.
Consequently, this anesthetic approach represents a valuable strategy
to optimize patient outcomes, balancing effective anesthesia with
minimal adverse effects. Integration of this protocol in clinical practice
may enhance maternal satisfaction, reduce perioperative
complications, and support faster maternal recovery.
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