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Cesarean section spinal anesthesia is often associated with maternal hypotension, which
causes poor maternal and infant outcomes. Phenylephrine is commonly used as prophylaxis
and treatment of spinal-induced hypotension, but the most effective mode of administration,
bolus or continuous infusion, is controversial. Objectives: To compare the effectiveness of
continuous phenylephrine infusion versus intermittent bolus administration in preventing
spinal anesthesia-induced hypotension during elective cesarean section. Methods: A quasi-
experimental study was carried out at the Department of Anesthesia, Gulab Devi Teaching
Hospital, Lahore. Sixty-six ASA Il patients, who had an elective cesarean section, were randomly
divided into two groups, namely Group A (infusion, n=33), which received continuous
phenylephrine infusion 30mL/hour, and Group B (bolus, n=33), which received 100 ug
phenylephrine boluses when required. The data on hemodynamic, maternal side effects, and
neonatal outcomes were taken and analyzed with SPSS version 28.0. Results: Continuous
infusion resulted in significantly fewer hypotensive episodes (30.3% vs. 54.5%, p<0.001) and
lower prevalence of nausea and vomiting (9.1% vs. 21.2%, p<0.004). Reactive hypertension
occurred lessfrequentlyintheinfusiongroup(3.0% vs.12.1%, p<0.05). Neonatal outcomes were
improved with infusion, including higher umbilical cord pH(7.37 + 0.05 vs. 7.33 + 0.06, p<0.002).
Conclusion: Phenylephrine infusion was found to be better than bolus dosing in maternal
hypotension prevention, reducing adverse maternal outcomes, and neonatal outcomes in
cesareansectionunder spinalanesthesia. Infusion should be regarded as the regimen of choice
inclinical practice.

INTRODUCTION

Spinal anesthesia or subarachnoid block is still the most
preferable mode of anesthetic use in cesarean section
owing to its quicker onset, reliability, and avoidance of
maternal tracheostomy issues, although this is closely
linked with maternal hypotension owing to sympathetic
blockage and decrease in systemic vascular resistance[1].
Hypotensionisamongthe most prevalent complications of
cesarean anesthesia globally, with the incidence rates
ranging between 60% and 90% occurring in obstetric

patients after spinal anesthesia[2]. The global number of
cesarean births is about 29.7 million, with a regional
disparity of 6% in sub-Saharan Africa to over 45% in Latin
America [3]. In South Asia, spinal-anesthesia-induced
hypotension during cesarean section occurs in
approximately 20-64% of casesand may exceed 80% inthe
absence of prophylactic measures[2]. In Pakistan, recent
studies reported post-spinal hypotension in 26.8% of
elective cesarean deliveries at Hayatabad Medical Complex
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(73/272), and in 33.6% of term parturients at Dr. Ruth K. M.
Pfau Civil Hospital, Karachi(39/116)[ 4, 5]. Phenylephrine, a
pure a-1adrenergic agonist, has become the vasopressor
of choice in the management of spinal anesthesia-induced
hypotension in obstetric patients[6]. Phenylephrineis also
useful in the restoration of systemic vascular resistance
and systolic blood pressure with little transplacental
implementationand better neonatal acid-baseresultsthan
ephedrine[7]. Nonetheless, the administration route is still
controversial, with intravenous bolus regimens being
technically easy, can be easily titrated, and can be a quick
fix of hypotension, but they were also reported to cause
hemodynamic instability because of alternating phases of
hypotension and hypertension[8]. In contrast, continuous
infusion regimens stabilize the maternal blood pressure
but are more prone to reflex bradycardia and must be
closely titrated to prevent excessive response to
hypertension [3]. The controversy existing between bolus
and infusion regimens means that there is a greater gap in
evidence-based practice of obstetric anesthesia[10]. The
outcome of thisis variability in clinical outcomes due to the
absence of standardization, which complicates the
comparison of studies, as well as the development of best
practicesthatare universally recognized[11].

Also, as the rates of cesarean section grow all over the
world, and the incidence of hypotension remains high
despite the precautions that are taken to prevent this
issue, thereisaneed for better studies that compare bolus
and infusion regimens. Thus, this study aimed to compare
the effectiveness of continuous phenylephrine infusion
versus intermittent bolus administration in preventing
spinal anesthesia-induced hypotension during elective
cesareansection.

METHODS

This quasi-experimental study was conducted in the
Department of Anesthesia, Gulab Devi Teaching Hospital,
Lahore, from 10th Oct 2025 to 10th Jan 2026. The research
obtained ethical approval from the institutional ethical
review committee of Gulab Devi Teaching Hospital
(AAMC/IRB/EA/55/2025)0n 9th Oct 2025. All subjects were
provided with all details about the purpose, methodology,
possible benefits, and risks of the study and were given
informed consent through written means. Anonymity of
the data ensured patient confidentiality, and participants
had the right to withdraw at any time without any
consequences on their medical care. The sample size was
calculated a priori based on expected hypotension rates of
70% in the bolus group versus 40% in the infusion group,
using a two-sided significance level of 5% and 80% power.
Atotal of 66 participants(33 per group)wereincludedinthe
study. However, the observed rates (54.5% vs 30.3%) were
lower than anticipated, which may have reduced the study's
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power to detect the actual effect size. This limitation
should be considered wheninterpreting the findings[12]. n
=[(Z,,/ 2P(1-PHZ,/ P(1-P)+P{1-P,)21/(P-P,f where P,and
P, represent the expected proportions in the two groups,
Z.,represents the standard normal deviate corresponding
to the level of significance (1.96 at 95% confidence
interval), whereas ZB represents the standard normal
deviate corresponding to the study power (0.84 at 80%
power) [13]. The American Society of Anesthesiologists
(ASA)physical status classificationincludes: ASA|=normal
healthy patient; ASA Il = patient with mild systemic disease;
ASA 1l = patient with severe systemic disease; ASA |V =
patient with severe systemic disease that is a constant
threat to life[14]. In this study, the patients were recruited
if they met the ASA physical status classification II.
Patients were excluded if they refused to participate, were
known to be hypersensitive to phenylephrine or local
anesthetics, had hypertension, cardiovascular or
cerebrovascular disease, fetal abnormalities, or diabetes
mellitus otherthan gestational diabetes. Additional criteria
for exclusion were contraindications to subarachnoid
block and ASA physical status IV. Eligible patients were
recruited consecutively during the study period according
to the predefined inclusion and exclusion criteria. As the
study was conducted at a single center using consecutive
non-probability sampling, the findings may have limited
representativeness and external validity. The patients
were allocated to one of two equal groups using a lottery
method. However, formal computer-generated
randomization and allocation concealment were not used;
therefore, the possibility of selection bias cannot be
completely excluded. Baseline systolic blood pressure was
recorded using a non-invasive monitor, after which
standard intraoperative monitoring and intravenous
access were established. Spinal anesthesia was
administeredinthe sitting positionatthe L4-L5interspace
using 12 mg of 0.75% hyperbaric bupivacaine. Patients
were then placed supine with left uterine displacement. A
preload of 1 L Lactated Ringer's solution was given,
followed by 500 mL maintenance fluid. Blood loss was
assessed by sponge weightand suction volume. In Group A,
phenylephrine infusion (100 yg/mL) was started at 30
mL/hour (50 yg/minute)immediately after spinal block and
titrated to maintain systolic pressure within 20% of
baseline. In Group B, 100 pg phenylephrine boluses were
administered when systolic pressure fell more than 20%
from baseline. The two regimens were not dose-equivalent
because they differed in administration strategy and
cumulative phenylephrine exposure. Due to the different
modes of phenylephrine administration, blinding of the
participants and anesthesia team was not performed. This
may haveintroduced performance and detection bias.
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Shapiro-Wilk test results for all continuous variables
showed p>0.05 (age p=0.214, height p=0.392, weight
p=0.176, gestational age p=0.083, total fluid administered
p=0.119, umbilical cord pH p=0.071, APGAR at 1 minute
p=0.088, APGAR at 5 minutes p=0.065), indicating that all
variables followed approximately normal distributions.
Therefore, parametric tests (independent samples t-test)
were used forall continuousvariable comparisons.

All data were organized and analyzed through the
Statistical Package for the Social Sciences (SPSS)version
28.0. Continuous variables were assessed for normality
using the Shapiro-Wilk test. Normally distributed variables
were expressed as mean + standard deviation and
compared using the independent samples t-test.
Categorical variables were summarized as frequenciesand
percentages and analyzed using Fisher's exact test.
Hemodynamic parameters measured at multiple time
points were analyzed usingrepeated measures ANOVA with
Greenhouse-Geisser correction after confirming normal
distribution. Given the multiple subgroup analyses and
repeated measures performed, a Bonferroni correction
was applied to control for Type | error inflation. Statistical
significance was set at p<0.05 after correction, with
adjusted p-valuesreported forall post-hoc comparisons.

RESULTS

The infusion group had an average age of 27.11 + 3.4 years,
and the bolus group had 27.31+ 3.5 years. The mean height
of the groups was 158.0 £ 3.6 cm in the infusion and 157.6 +
3.5 cm in the bolus groups. The infusion and bolus groups
hadameanweightof66.2and 67.0, respectively. The status
of ASA (I/11) distribution was equal at 27/6 and 25/8 in the
infusion and bolus group, respectively. There was also no
significant difference in mean gestational age, which was
38.6 + 0.7 weeks in the infusion group and 38.5 + 0.8 weeks
inthe bolus group. The average total fluidadministered was
1610 £ 280mL in the infusion group versus 1565 + 290mL in
thebolusgroup(Table1).

Table 1: Baseline Characteristics of Patients(n=66)

Infusion Group

Bolus Group p-

Characteristics (n=33), Mean £ SD (n=33), Mean+SD value

Age (years) 27.1£ 3.4 27.3+3.5 0.810
Height (cm) 158.0+ 3.6 157.6 £ 3.5 0.650
Weight (kg) 66.2+5.2 67.0+5.3 0.540

ASA grade (I/11) 27/6 25/8 0.765*

Gestational Age (weeks) 38.6+0.7 38.5+0.8 0.590

Total Fluid Given(mL) 1610 + 280 1565 +290 0.520

*Statistical significanceat p<0.05

Phenylephrine infusion at a constant rate was significantly
associated with increased outcomes among neonates
relative to bolus administration. The infusion group (7.37 +
0.05) had better neonatal acid-base status than the bolus
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group (7.33 + 0.06) because of higher umbilical cord pH.
Equally, APGAR scores were found to be higher in the
infusion group at Tminute(7.01+0.15vs 6.89+0.20, p<0.001)
and at 5 minutes (8.95 + 0.30 vs 8.72 + 0.35, p<0.003).
Infusion group experienced 30.3 and bolus group 54.5%
maternal hypotension(p<0.001), and recurrent hypotensive
episodes ininfusion and bolus groups were 6.1% and 21.2%
respectively (p<0.003). The infusion group also had less
nausea and vomiting(9.1% vs 21.2 %, p<0.004). The number
of cases of neonatal acidosis was lower in the infusion
group compared to the bolus group (3.0% vs 9.1%).
Although this difference was not statistically significant at
the pre-specified threshold of p<0.05(p=0.088), it may still
represent a clinically relevant difference that warrants
investigation in larger studies. These results indicate that
continuousinfusion affirms comparatively better maternal
hemodynamic controland neonatal outcomes(Table 2).
Table 2: Post-Intervention Maternal and Neonatal Outcomes in
Infusionand Bolus Groups

Variables Infusion (n=33) Bolus(n=33) p-value

Continuous Variables
Umbilical Cord pHT 7.37+0.05 7.33+0.06 |<0.002*
APGAR (1 min) ¥ 7.01+£0.15 6.89+0.20 | <0.001*
APGAR (5 min) { 8.95+0.30 8.72+0.35 |[<0.003*
Categorical Variables
Nausea/Vomiting* 3(9.1%) 7(21.2%) | <0.004*
Neonatal Acidosis* 1(3.0%) 3(9.1%) <0.009
Hypotension* 10(30.3%) 18(54.5%) | <0.001*
>2 Hypotensive Episodes* 2(6.1%) 7(21.2%) | <0.003*
Reactive Hypertension* 1(3.0%) 4(121%) | <0.050*

+Mean + SD presented for normally distributed data(Independent
t-testused), * Statistical significance at p<0.05

There was initial equivalence evidenced by similarity of
baseline systolic blood pressure (118.6 + 7.2 vs 118.2 + 7.0
mmHg), diastolic blood pressure (75.4 + 5.2 vs 75.1 + 5.4
mmHg), and heart rate (78.2 + 7.5 vs 78.5 + 7.6 bpm). At 3
minutes (116.5 vs 112.3 mmHg), at 6 minutes (115.9 vs 111.5
mmHg), at 9 minutes (115.2 vs 111.0 mmHg), and at 12
minutes (115.2 vs 111.0 mmHg), the systolic blood pressure
was significantly higher in the infusion group compared to
the bolus group at all measured time points (mean
differences ranging from 4.2 to 4.5 mmHg, p<0.05 at all
time points). The infusion group had a stable benefit of 3-
3.5 mmHg of diastolic blood pressure over the same
periods (p<0.001). In contrast, the heart rate was much
slower in the infusion group, such as at 3 and 12 minutes
(76.8 and 74.5 versus 80.5 and 78.1 bpm), and showed less
compensatory tachycardia (p<0.001). Repeated measures
ANOVA established that time, group, and time-by-group
interaction effects were significant on all parameters, and
that time-by-group and group effects were superior to
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intermittent bolus infusion of phenylephrine in maintaining
hemodynamic control(Table 3).

Table 3: Hemodynamic Parameters at Baseline and During the
First12 Minutes After Spinal Anesthesia(n=66)

Between-
Group p-value

Infusion Bolus

Variables ime (n=33) (n=33)
Baseline | 118.6+7.2 [ 118.2+7.0 <0.720

3dmin | 116.56+6.8 [ 112.3+7.5 0.018*

Systolic BP Bmin | 115.9+6.5 [ 111.6+7.0 0.007*

(mmHg), Mean + SD
9min | 115.56+6.7 | M.2+7.2 0.021*

12min | 115.2+6.9 | M.0£7.3 0.011*

Baseline | 75.4+5.2 | 75.1+£5.4 0.810

3dmin | 73.8+5.0 [ 70.5+5.6 0.026*

Diastolic BP

(mmHg), Mean+sp |_8min_| 73562 | 701257 |  0.014*

9min | 73.2+£5.3 | 69.9+5.8 0.009*

12min | 72.9+5.5 | 69.6+5.9 0.032*

Baseline | 78.2+75 | 78.5+7.6 0.870

3dmin | 76.8+7.0 [ 80.5+7.8 0.013*

Heart Rate (bpm),

i *
Mean + SO 6min [ 756.9£6.8 | 79.2+7.5 0.028

9min [ 75.2£6.6 | 78.8+£7.4 0.006*

12min | 745+86.7 | 78.1+£7.2 0.017*

Systolic BP — Time p<0.001; Group p = 0.004; Time x Group
p=0.006. Diastolic BP — Time p<0.001; Group p=0.008; Time x
Group p=0.010. Heart Rate — Time p<0.001; Group p=0.002; Time x
Group p=0.05.* Statistical significance at p<0.05

DISCUSSION

This research aimed to compare the effectiveness of
continuous phenylephrine infusion versus intermittent
bolus administration in preventing spinal anesthesia-
induced hypotension during elective cesarean section. It
foundthat systolicand diastolic blood pressures were more
reqgularly maintained within 20% of the baseline in the
infusion group, with less prevalence of hypotension and
reactive hypertension, and that fluctuations in heart rate
were also less evident. These results are similar to the
randomized trial by Liu et al. in Hong Kong involving 104
patients, which demonstrated that continuous infusion
considerably decreased the rate of hypotension by 66% in
the bolus group and by 23% in the infusion group, and also
the fetal acid-base status improved [15]. Singh et al. in a
randomized prospective study conducted in India,
compared phenylephrine bolus and infusion regimens
during cesarean delivery under spinal anesthesia and
reported better hemodynamic stability with prophylactic
infusion[16]. The results of a betterinfusion regimenin our
results are also manifested by the results obtained in
Western cohorts. InIndia, Nikooseresht et al. inasample of
88, reported that women who received phenylephrine
infusion (vs. bolus group) had mean arterial pressure that
was within or nearer to baseline (within 5 mmHg), although
35% experienced significant hypotension despite
repeated dosage [12]. Similarly, in India, in a trial of 150
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patients, Singh et al. found that infusion regimens
produced a lower prevalence of maternal nausea and
vomiting, which could be attributed to improved blood
pressure control, but other neonatal outcomes, such as
Apgar scores and umbilical cord pH, were significantly
better preserved [16]. Regarding neonatal outcomes, the
present study showed statistically higher APGAR scores
and umbilical cord pH in the infusion group; however, the
clinical significance of these differences remains
uncertain. The recent meta-analysis by Garg et al. found
only modest differences in neonatal outcomes between
phenylephrine infusion and bolus regimens . More recent
evidence from Babul et al. also reported that although
minor statistical differences were observed in APGAR
scores and umbilical arterial pH, neonatal values remained
within normal clinical ranges [18]. These findings
emphasized the necessity of proactive versus reactive
vasopressor management when administering anesthesia
in cases of cesarean section. This study also found that the
maternal adverse effects, especially nausea and vomiting,
were minimal in the infusion group, whichis well supported
in the literature. Kannan et al. similarly compared
phenylephrine infusion and bolus regimens during
cesarean delivery and reported closer maintenance of
blood pressure with infusion, although neonatal APGAR
scores were comparable between groups [19]. Similarly,
the same study by Khan et al. in Pakistan investigated 70
women, whereby infusion was used, resulting in reduced
nausea scores and intraoperative discomfort [20]. This
indicated that, besides hemodynamic management,
infusion improves maternal satisfaction and decreases
perioperative morbidity.

This study had several limitations. The quasi-experimental
design and lack of formal allocation concealment may have
introduced selection bias, while absence of blinding may
have resulted in performance and detection bias. The
phenylephrine regimens were not dose-equivalent, with
differences in administration and cumulative drug
exposure. The study was single-center-based, with a small
sample size of 66 participants and consecutive non-
probability sampling, which may limit its applicability to
larger and more diverse populations. Furthermore, the
study was confined to ASA Il women undergoing elective
cesarean section, excluding high-risk obstetric groups
such as those with cardiovascular disease, hypertension,
and multiple gestations, thereby limiting external validity.
Future multicenterrandomized controlled trials with larger
and more diverse populations, dose-equivalent regimens,
and longer maternal and neonatal follow-up are
recommended.
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CONCLUSIONS

Continuous phenylephrine infusion was associated with
fewer hypotensive episodes and maternal adverse effects
than bolus administration during elective cesarean
section. Although some neonatal outcomes were
statistically better with infusion, the clinical significance
remains uncertain. Given the study limitations, these
findings should be interpreted cautiously and not
generalizedtoallcesareandeliveries.
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