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Abstract

Background: Post-spinal hypotension remains the most formidable compli-
cation of spinal anesthesia for cesarean delivery, occurring in 70% - 80% of cases
and compromising maternal-fetal safety. While ephedrine has long dominated
therapeutic management, growing concerns about fetal acidosis have directed
research toward safer alternatives. Norepinephrine emerges as a promising can-
didate with balanced pharmacological properties. This study compares three ap-
proaches: bolus ephedrine, bolus norepinephrine, and prophylactic continuous
norepinephrine infusion. Methods: Prospective analytical study including 170
parturients undergoing cesarean delivery under spinal anesthesia at University
Hospital Mother and Child Harouchi, Ibn Rochd, Hassan II University (Febru-
ary to June 2025). Computer-generated block randomization with sealed enve-
lope allocation concealment into three balanced groups: Group I (ephedrine 3 -
6 mg bolus, n = 57), Group II (norepinephrine 8 - 16 ug bolus, n = 56), Group
III (prophylactic continuous norepinephrine infusion 5 ug/kg, n = 57). Sample
size calculated a priori for 80% power to detect a 20% difference in efficacy
with a = 0.05. Baseline blood pressure is defined as the mean of three meas-
urements after a 10-minute rest. Hemodynamic evaluation at four operative
time points. Primary endpoint: hypotension correction efficacy (restoration of
SBP > 80% baseline values within 5 minutes of first vasopressor administration).
Secondary endpoints: hemodynamic stability, maternal tolerance, neonatal ad-
aptation. Results: Baseline hemodynamic parameters were equivalent among
groups (p > 0.05), confirming successful randomization. Highly significant he-
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modynamic differences between groups during intervention. Group II: fastest
blood pressure recovery (SBP 126.2 mmHg + 1.3 mmHg at T2 vs 80.5 mmHg +
3.8 mmHg Group I, p < 0.001), optimal cardiac stability (HR 87.5 bpm + 4.7
bpm vs 133.7 bpm * 6.3 bpm Group I, p < 0.001). Group III: effective preven-
tion of severe hypotension (MAP maintained at 82.9 mmHg + 10.6 mmHg at
T1) but inter-individual variability requiring supplemental ephedrine (20% of
cases). Therapeutic efficacy: 94% (Group III), 89% (Group II), 68% (Group I),
p <0.001. Comparable Apgar scores, superior maternal satisfaction with nore-
pinephrine (p < 0.001). No catecholamine-related arrhythmias are observed
during continuous cardiac monitoring. Conclusion: Norepinephrine demon-
strates clear superiority over ephedrine in managing post-spinal hypotension.
Bolus administration offers the best efficacy-safety ratio with rapid hemody-
namic recovery and optimal tolerance. Prophylactic continuous infusion repre-
sents a promising therapeutic innovation for preventing severe hypotension, re-
defining management paradigms in obstetric anesthesia.
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1. Introduction

1.1. History and Evolution of Spinal Anesthesia

Spinal anesthesia, born in the late 19th century with August Bier’s pioneering work
in 1898, represents a major innovation in anesthesiology [1]. The evolution of lo-
cal anesthetics (procaine in 1905, lidocaine in 1943, bupivacaine in the 1960s) and
the introduction of “pencil-point” needles in the 1980s facilitated its widespread
adoption [2]-[4]. Today, spinal anesthesia represents the technique of choice for

more than 95% of elective cesarean sections [5].

1.2. Hypotension: Major Complication in Pregnant Women

Post-spinal hypotension constitutes the most frequent complication in obstetrics,
occurring in 70% - 80% of cases compared to 20% - 30% in general surgery [6]. This
particular vulnerability of pregnant women results from specific anatomophysio-
logical modifications: aortocaval compression by the gravid uterus, reducing ve-
nous return by 30% - 50%, increased sensitivity to local anesthetics, and preg-
nancy-related cardiovascular adaptations [7]-[9].

Maternal hypotension compromises uteroplacental perfusion, exposing the fe-
tus to hypoxia and acidosis [10]. It manifests clinically through nausea, vomiting,

and in severe cases, maternal loss of consciousness [11].

1.3. Evolution of Vasopressors

Ephedrine has long dominated management due to its mixed a and S-adrenergic
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action [12]. However, the landmark study by Cooper et al (2002) demonstrated
its responsibility in fetal acidosis, initiating a paradigmatic shift [13]. Phenylephrine
then emerged as a safer alternative, but its pure vasoconstrictor action can induce
reflex bradycardia [14].

Norepinephrine, an endogenous catecholamine combining predominant al-ad-
renergic activity with moderate fl-adrenergic effect, presents a theoretically opti-
mal profile [15]. Recent studies confirm its efficacy with better hemodynamic sta-
bility [16] [17]. A 2024 systematic review and network meta-analysis by Zhang et
al. demonstrated norepinephrine’s superior hemodynamic profile compared to
both ephedrine and phenylephrine in obstetric populations, with improved ma-

ternal outcomes and equivalent neonatal safety [18].

1.4. Study Justification

Despite favorable evidence, questions persist regarding the optimal administra-
tion modality of norepinephrine: curative boluses versus prophylactic continuous
infusion. Direct comparative data with ephedrine is conspicuously sparse. Our
study aims to fill these gaps by comparing three strategies: bolus ephedrine, bolus
norepinephrine, and continuous norepinephrine infusion, to determine the optimal

therapeutic approach.

2. Materials and Methods
2.1. Study Design and Ethical Considerations

Prospective analytical study conducted from February to June 2025 at the Depart-
ment of Maternity Intensive Care, University Hospital Mother and Child Harouchi,
Ibn Rochd, Hassan II University, Casablanca. The protocol was approved by the
institutional ethics committee with informed consent from all participants (Ref-
erence: EC-2025-02-15).

Inclusion criteria: Adult patients (=18 years), singleton pregnancy at term (=37
weeks), ASA I-II, elective cesarean section under spinal anesthesia, post-spinal
hypotension (SBP < 90 mmHg or decrease >30% from baseline values).

Exclusion criteria: Cardiovascular pathology, contraindication to spinal anes-
thesia, emergency cesarean section, vasopressor allergy, refusal to participate, mul-

tiple pregnancy, preeclampsia.

2.2. Randomization Sequence Generation and Allocation
Concealment

Randomization sequence generation: Computer-generated randomization se-
quence using permuted blocks of varying sizes (3, 6, 9) created by an independent
statistician using R software (version 4.3.0). The randomization list was stratified
by maternal age (<30 vs 230 years) to ensure balanced allocation across age groups
and minimize potential confounding effects.

Allocation concealment: Allocation concealment achieved through sequentially

numbered, opaque, sealed envelopes prepared by research personnel not involved
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in patient recruitment or clinical care. Envelopes were stored in a locked cabinet
and opened only after patient enrollment, informed consent, and completion of
baseline measurements by the attending anesthesiologist. This process ensured
that neither the investigators nor the clinical staff could predict treatment assign-

ment.

2.3. Sample Size Calculation

A priori power calculation: Based on pilot data from our institution showing 70%
efficacy with ephedrine versus 90% with norepinephrine for hypotension correc-
tion, with @ = 0.05 and B = 0.20 (80% power), the calculated sample size was 51
patients per group using Fisher’s exact test. Accounting for a 10% dropout rate
and potential protocol violations, 57 patients were recruited per group, totaling
170 patients. This sample size provides adequate power to detect a clinically mean-

ingful difference of 20% between groups for the primary endpoint.

2.4. Anesthetic Protocol

Standardized spinal anesthesia in sitting position (L3-L4, L4-L5, or L5-S1) with 25
25-G pencil-point needle (Whitacre, BD Medical). Solution: hyperbaric bupiva-
caine 0.5% (10 - 12.5 mg) + fentanyl 25 ug. Positioning in the supine position with
15° left lateral tilt using a standardized wedge. Standard monitoring: ECG, SpO,,
NIBP every 2 minutes, continuous cardiac rhythm monitoring for arrhythmia de-
tection throughout the procedure.

Baseline blood pressure definition: Baseline blood pressure was defined as the
mean of three consecutive measurements taken 5 minutes apart in the pre-opera-
tive holding area, with the patient in supine position with left lateral tilt, after 10
minutes of rest. All measurements were performed using the same automated os-
cillometric device (Philips IntelliVue MP70) with an appropriate cuff size, cali-

brated daily according to manufacturer specifications.

2.5. Therapeutic Protocols

Group I (n = 57): Ephedrine 5 mg/mL (Aguettant, France), bolus 3 - 6 mg IV
every 2 minutes until SBP restoration (maximum cumulative dose 30 mg).

Group II (n = 56): Norepinephrine 16 ug/mL (diluted from 1 mg/mL ampoules,
Aguettant, France), bolus 8 - 16 ug IV according to hemodynamic response, re-
peated every 2 minutes as needed.

Group III (n = 57): Norepinephrine 16 ug/mL in prophylactic continuous in-
fusion via syringe pump (initial rate 8 mL/h = 5 pg/kg/h), started immediately after
spinal injection, adjusted to maintain SBP > 90% of baseline values.

2.6. Study Parameters and Definitions

Hemodynamic variables: HR, SBP, DBP, MAP recorded at times TO (pre-spi-
nal baseline), T1 (5 minutes post-spinal), T2 (fetal delivery), T3 (skin closure).
Neonatal variables: Apgar scores (1, 5, 10 minutes), birth weight, umbilical cord
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blood gas analysis, pediatric evaluation.

Primary endpoint: Hypotension correction efficacy, defined as restoration of
SBP > 80% baseline values within 5 minutes of the first vasopressor administra-
tion. The 5-minute window starts from the moment of first drug injection (time
zero = first vasopressor bolus administration).

Secondary endpoints: Hemodynamic stability (coefficient of variation of SBP),
maternal tolerance (nausea, vomiting, satisfaction score), neonatal adaptation (Ap-
gar scores, cord blood pH), and total vasopressor consumption.

Safety monitoring: Continuous cardiac rhythm monitoring throughout the pro-
cedure using 3-lead ECG for detection of arrhythmias (atrial fibrillation, ventric-
ular ectopy, bradycardia < 50 bpm, tachycardia > 120 bpm), hypertensive episodes
(SBP >160 mmHg), and clinical assessment of other catecholamine-related ad-

verse events (tremor, anxiety, peripheral vasoconstriction).

2.7. Statistical Analysis

Statistical analysis was performed using SPSS version 26.0 (IBM Corp., Armonk,
NY). Quantitative variables expressed as mean * standard deviation or median
[interquartile range] according to distribution. Normality was assessed using the
Shapiro-Wilk test. Comparisons between groups were performed using one-way
ANOVA with post-hoc Tukey tests for normally distributed variables, Kruskal-
Wallis test with Dunn’s post-hoc for non-parametric data, and Chi-square or
Fisher’s exact test for categorical variables. The significance threshold set at p <

0.05. Intention-to-treat analysis performed for all randomized patients.

3. Results

3.1. Baseline Characteristics and Hemodynamic Equivalence

Demographic analysis reveals satisfactory homogeneity between the three therapeu-
tic cohorts. Mean maternal age was 28.4 years + 5.2 years (Group I), 29.1 years + 4.8
years (Group II), and 28.7 years + 5.1 years (Group III), with no statistically signif-
icant difference (p = 0.742). Pre-pregnancy body mass index remained compara-
ble between groups (24.8 kg/m* + 3.1 kg/m?* vs 25.2 kg/m* + 2.9 kg/m* vs 24.6
kg/m?* + 3.3 kg/m?, p = 0.658).

Maternal parity showed no inter-group disparity, with a proportion of primip-
arous women of 52.6% (Group I), 51.8% (Group II), and 54.4% (Group III). Ges-
tational age at the time of surgical intervention was homogeneous: 38.9 weeks *

1.2 weeks of amenorrhea for the entire study population (Table 1).

Table 1. Baseline hemodynamic parameters at TO (pre-spinal).

Group I (Ephedrine)  Group II (Norepinephrine  Group III (Norepinephrine

Parameter . p-value
n=>57 Bolus) n = 56 Infusion) n = 57
Heart Rate (bpm) 782 £2.1 79.1+£2.3 77.8 £2.0 0.052
Systolic BP (mmHg) 128.5+4.2 127.8 £ 3.9 129.2 + 4.1 0.341
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Diastolic BP (mmHg)

Mean Arterial Pressure (mmHg)

783 3.1 77.9 + 2.8 78.7 £3.0 0.456
95.2+3.1 94.8 £2.8 96.1 +£3.0 0.287

Data expressed as mean + standard deviation. BP: Blood Pressure. No significant differences between groups (p > 0.05), confirming

successful randomization and hemodynamic equivalence at baseline.

3.2. Perioperative Hemodynamic Parameters

3.2.1. Heart Rate Evolution

Chronological analysis of heart rate reveals diametrically opposed evolutionary pro-
files according to the vasopressor strategy employed. Group I (ephedrine) presents
progressive and sustained tachycardia, with heart rate peaking at 133.7 beats + 6.3
beats per minute at time T2 (fetal delivery), representing a 71% increase from base-

line values (p < 0.001) (Figure 1).

Perioperative Heart Rate Evolution by Treatment Group

140 H

O-O Ephedrine (Group 1) p<0.001

[} 0 Norepinephrine bolus (Group 11)

A ‘A Norepinephrine infusion (Group III)
Tachycardia zone (>100 bpm)

Heart Rate (beats per minute)

70

TO
(Baseline)

T1 T2 T3
(Post-spinal) (Fetal delivery) (Skin closure)

Perioperative Time Points

Figure 1. Perioperative heart rate evolution by therapeutic group. Curves represent means + standard error.

The hatched zone delimits tachycardia (>100 bpm). Asterisks indicate statistical significance (**p < 0.001)

between groups at times T1 and T2.

Conversely, Groups II and III (norepinephrine) maintain remarkable chrono-
tropic stability. Group II displays a heart rate of 87.5 bpm + 4.7 bpm at T2, while
Group III maintains a rate of 85.3 bpm + 3.8 bpm, representing variations of less
than 10% from reference values. This inter-group difference reaches major statis-
tical significance (p < 0.001) at times T1, T2, and T3.

3.2.2. Systolic Blood Pressure Dynamics
Evolution of systolic blood pressure constitutes the principal discriminating pa-
rameter of therapeutic efficacy. Group I presents profound and prolonged hypoten-

sion, with systolic pressure dropping to 80.5 mmHg + 3.8 mmHg at time T1, repre-
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senting a 37% decrease from pre-anesthetic values. Blood pressure recovery proves

slow and incomplete, reaching only 95.2 mmHg + 4.5 mmHg at T2 (Figure 2).

130

120

110

100

90

Systolic Blood Pressure (mmHg)

80 -

‘.,

Perioperative Systolic Blood Pressure Evolution

sFokok

O-O Ephedrine (Group 1)
3O Norepinephrine bolus (Group 1I)
AA Norepinephrine infusion (Group III)
Hypotension zone (<90 mmHg) H
- Normal SBP target

TO

(Baseline)

T1 T2 T3
(Post-spinal) (Fetal delivery) (Skin closure)

Perioperative Time Points

Figure 2. Perioperative systolic blood pressure evolution. Curves represent means + standard error. The

hatched zone delimits hypotension (<90 mmHg). The dotted line indicates the normal blood pressure

target. Statistical annotations show significant differences between groups.

Group II demonstrates exceptional blood pressure recovery capacity, with rapid
restoration to 126.2 mmHg + 1.3 mmHg by T2, even exceeding baseline values.
This therapeutic performance translates to a highly significant difference com-
pared to Group I (p < 0.001).

Group III, benefiting from the prophylactic approach, maintains a systolic pres-
sure of 118.5 mmHg + 8.2 mmHg at T1, thus limiting the amplitude of the initial
blood pressure drop. This preventive strategy proves statistically superior to both

other approaches (p < 0.001).

3.2.3. Mean Arterial Pressure and Tissue Perfusion
Analysis of mean arterial pressure, the determining parameter of tissue perfusion,
confirms the observed therapeutic hierarchy. Group I presents critical mean hy-
potension, with values of 58.3 mmHg + 2.9 mmHg at T1, potentially compromis-
ing uteroplacental perfusion (Figure 3).

Group II effectively restores mean pressure to 89.5 mmHg + 2.1 mmHg at T2, en-
suring adequate tissue perfusion. Group III maintains a mean pressure of 82.9 mmHg

+ 10.6 mmHg at T1, preserving peripheral perfusion from the post-spinal phase.

3.3. Comparative Therapeutic Efficacy

Evaluation of therapeutic efficacy, defined by restoration of systolic blood pressure

to more than 80% of baseline values within five minutes following the first vasopres-
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sor administration, reveals manifest superiority of norepinephrine-based protocols

(Figure 4).

Perioperative Mean Arterial Pressure Evolution

100

90

B0 v R

70

Mean Arterial Pressure (mmHg)

O-O Ephedrine (Group I)
3O Norepinephrine bolus (Group II)
A A Norepinephrine infusion (Group III)
Critical hypotension (<65 mmHg)
- Normal MAP target

60

50 L I
TO T1 T2 T3
(Baseline) (Post-spinal) (Fetal delivery) (Skin closure)

Perioperative Time Points

Figure 3. Perioperative mean arterial pressure evolution. Curves illustrate mean blood pressure dy-
namics with error zones. The hatched zone indicates critical hypotension (<65 mmHg). The dotted line
represents the normal mean arterial pressure target.
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Figure 4. Therapeutic efficacy distribution by treatment group. Box plots (whisker plots) present me-
dian, quartiles, and outliers. Dotted lines indicate means. Statistical annotations demonstrate signifi-
cant differences (***p < 0.001).
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Group IIT achieves therapeutic efficacy of 94% (95% CI: 89% - 97%), followed by
Group II with 89% (95% CI: 83% - 93%), while Group I achieves only 68% efficacy
(95% CI: 60% - 75%). This inter-group difference presents major statistical signifi-

cance (p < 0.001), confirming the pharmacological superiority of norepinephrine.

3.4. Neonatal Adaptation and Fetal Safety

Evaluation of immediate neonatal adaptation, measured by Apgar scores, reveals
no statistically significant difference between therapeutic groups. This reassuring
observation confirms the fetal safety of the three vasopressor strategies studied

(Figure 5).
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10.0 - q
10.0 - —
” -
Q8 95} 183 L - -
2 - =
£ | __ £ o5l - E
E oo} T 18
: 1 10
1 -
S 85| \ 1 ® o90f T o
[
5 - -- 1 = 1
=]
Qo 1 S 1
@ gof . —_ 1@ ]
g ' n 85[ X
E 1 =) 1
< 75f 1 1 & |
1 < 1
1 8.0 —_ i
7.0k —_ ]
6.5 1 1 | 7.5 ! ! .
Ephedrine Norepinephrine Norepinephrine Ephedrine Norepinephrine Norepinephrine
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Figure 5. Distribution of neonatal Apgar scores at 1 and 5 minutes. Box plots (whisker plots) illustrate the complete

score distribution with median and mean. The absence of a significant difference confirms equivalent neonatal safety of

the three therapeutic approaches.

Apgar scores at 1 minute were 8.2 + 0.8 (Group I), 8.4 + 0.7 (Group II), and 8.3 £
0.8 (Group III), p = 0.456. At 5 minutes, scores reached 9.1 + 0.6, 9.3 + 0.5, and
9.2 + 0.6, respectively, p = 0.312. These results attest to the absence of deleterious

impact on immediate neonatal cardiorespiratory adaptation.

3.5. Maternal Tolerance and Adverse Effects

Analysis of maternal tolerance reveals a differential adverse effect profile accord-
ing to therapeutic strategy. Group I presents a high incidence of nausea (42.1%)
and vomiting (28.1%), symptoms directly correlated with prolonged hypotension
and excessive tachycardia.

Groups II and III display significantly superior maternal tolerance, with nausea
incidences of 12.5% and 8.8%, respectively (p < 0.001 vs Group I). Vomiting inci-
dence also remains reduced: 7.1% (Group II) and 5.3% (Group III) versus 28.1%
(Group I), p < 0.001.

Maternal satisfaction, evaluated by visual analog scale (0 - 10), proves significantly
superior in norepinephrine groups: 8.7 + 1.2 (Group II) and 8.9 + 1.1 (Group III)
versus 6.8 *+ 1.8 (Group I), p < 0.001.
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3.6. Safety Profile and Adverse Events

Continuous cardiac monitoring revealed no episodes of clinically significant ar-
rhythmias in any group. No cases of atrial fibrillation, ventricular ectopy, or severe
bradycardia (<50 bpm) were observed. No cases of severe hypertension (SBP >
160 mmHg) were documented. One patient in Group III experienced transient mild
hypertension (SBP 145 mmHg), which resolved spontaneously without interven-
tion within 3 minutes.

Clinical assessment for other catecholamine-related adverse events showed no
cases of tremor, anxiety, or clinically significant peripheral vasoconstriction requir-
ing intervention.

3.7. Summary Table of Principal Statistical Results (Table 2)

Table 2. Summary of principal statistical results.

Group I (Ephedrine)  Group II (Norepinephrine  Group III (Norepinephrine

Parameter n=>57 Bolus) n = 56 Infusion) n = 57 p-value
Demographics
Maternal age (years) 284 %52 29.1+4.38 28.7 5.1 0.742
Pre-pregnancy BMI (kg/m?) 24.8 +3.1 252 %29 24.6+3.3 0.658
Primiparous (%) 52.6 51.8 54.4 0.891
Gestational age (weeks) 38.8+1.1 39.0+ 1.3 38.9+1.2 0.623
Hemodynamics at T2
HR (bpm) 133.7 £ 6.3? 87.5+4.7° 85.3 +3.8° <0.001
SBP (mmHg) 95.2 +4.52 126.2 + 1.3b 122.8 + 6.7° <0.001
DBP (mmHg) 55.8 + 3.22 78.4 +2.1° 76.9 + 4.8° <0.001
MAP (mmHg) 68.7 + 3.42 89.5+2.1° 87.3 £8.1° <0.001
Therapeutic Efficacy
Success rate (%) 68° 89b 94¢ <0.001
Recovery time (min) 83+2.12 3.2+ 1.1° 1.8 +0.9¢ <0.001
Time to first intervention (min) 62+1.8 6.1+1.9 0 (prophylactic) -
Neonatal Adaptation
Apgar 1 min 8.2+0.8 8.4+0.7 8.3+0.8 0.456
Apgar 5 min 9.1+0.6 9.3+0.5 9.2+0.6 0.312
Apgar 10 min 9.8+04 9.9+0.3 9.9+0.3 0.287
Birth weight (g) 3247 £ 412 3289 + 398 3265 £ 425 0.821
Cord blood pH 7.31 £ 0.04 7.33£0.03 7.32 £ 0.04 0.089
Maternal Tolerance
Nausea (%) 42.10 12.5 8.8b <0.001
Vomiting (%) 28.10 7.1b 5.3b <0.001
Satisfaction (VAS/10) 6.8+ 1.8 8.7 +1.2b 8.9+ 1.1° <0.001
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Continued

Vasopressor Consumption

Mean total dose 18.3 + 6.2 mg 24.1+8.7 g 156.8 + 42.3 ug -
Number of bolus administrations 42+1.8 2.1+ 1.2° 0.8+ 1.1¢ <0.001
Safety Outcomes
Arrhythmias (%) 0 0 0 -
Severe hypertension (%) 0 0 0 -
Mild hypertension (%) 0 0 1.8 0.368
Catecholamine-related AE (%) 0 0 0 -

Data expressed as mean + standard deviation or percentage. Different letters (a, b, ¢) indicate statistically significant differences
between groups (p < 0.05) according to Tukey post-hoc tests. HR: Heart Rate; SBP: Systolic Blood Pressure; DBP: Diastolic Blood
Pressure; MAP: Mean Arterial Pressure; VAS: Visual Analog Scale; AE: Adverse Events.

4. Discussion

4.1. Pathophysiology of Post-Spinal Hypotension in Cesarean
Section

Post-spinal hypotension in cesarean section results from a complex interplay of
anatomophysiological factors specific to pregnancy and the pharmacological ef-
fects of neuraxial blockade [6] [7]. The primary mechanism involves sympathetic
blockade extending from T4 to S5 dermatomes, causing arterial and venous vaso-
dilation with subsequent reduction in systemic vascular resistance and venous re-
turn [8].

In pregnant women, this physiological disruption is amplified by pregnancy-
specific cardiovascular adaptations. Aortocaval compression by the gravid uterus
reduces venous return by 30% - 50%, while the 40% - 50% increase in cardiac
output during pregnancy creates a precarious hemodynamic balance [9] [10]. The
enlarged uterus displaces the inferior vena cava, compromising venous return,
particularly in the supine position, despite left lateral tilt positioning [11].

Neurohormonal factors further compound this vulnerability. Pregnancy-in-
duced changes in autonomic nervous system sensitivity, increased plasma volume
(45% - 50% above non-pregnant values), and altered baroreceptor responsiveness
create a perfect storm for profound hypotension following sympathetic blockade
[12] [13]. The rapid onset of spinal anesthesia (within 5 - 10 minutes) leaves in-
sufficient time for compensatory mechanisms to activate, resulting in the charac-

teristic precipitous blood pressure drop observed in 70% - 80% of parturients [14].

4.2. Therapeutic Modalities and Vasopressor Molecules in
Management

The evolution of vasopressor therapy for post-spinal hypotension reflects our grow-
ing understanding of maternal-fetal physiology and drug pharmacology. Traditional
management relied heavily on fluid preloading and ephedrine as the vasopressor of

choice, based on animal studies suggesting preserved uteroplacental blood flow [15]
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[16].

Ephedrine (Mixed a/f-agonist): Long considered the gold standard, ephed-
rine acts indirectly by releasing endogenous norepinephrine and directly stimu-
lating a and f-adrenergic receptors [17]. Its appeal stemmed from the theoretical
maintenance of uteroplacental perfusion through combined inotropic and vaso-
constrictive effects. However, the landmark Cooper study (2002) demonstrated
increased fetal acidosis compared to phenylephrine, challenging this paradigm
[13].

Phenylephrine (Pure al-agonist): Emerged as the preferred alternative follow-
ing concerns about ephedrine-induced fetal acidosis. Its pure al-adrenergic ac-
tion provides predictable vasoconstriction without direct fetal effects [18] [19].
However, phenylephrine’s limitation lies in its potential to cause reflex bradycar-
dia and reduced cardiac output, particularly problematic in patients with limited
cardiac reserve [20] [21].

Norepinephrine (Balanced al/pf1-agonist): Represents the newest addition to
the obstetric vasopressor armamentarium. As an endogenous catecholamine,
norepinephrine combines predominant al-adrenergic activity (vasoconstriction)
with moderate Sl-adrenergic effects (positive inotropy), theoretically offering op-
timal hemodynamic balance [22] [23].

Alternative approaches: vasopressin analogs, angiotensin II, and combination

therapies, though these remain investigational in obstetric practice [24] [25].

4.3. The Emerging Role of Low-Dose Norepinephrine in
Management

Low-dose norepinephrine has emerged as a promising therapeutic option, ad-
dressing the limitations of both ephedrine and phenylephrine while maintaining
an excellent safety profile [26] [27]. The rationale for low-dose norepinephrine
stems from its unique pharmacological properties and physiological compatibility
with pregnancy-induced cardiovascular changes.

Pharmacological advantages: Norepinephrine’s balanced receptor profile (al:f1
ratio approximately 3:1) provides vasoconstriction without excessive chronotropic
effects [28]. Unlike ephedrine’s indirect action requiring endogenous catecholamine
stores, norepinephrine acts directly and predictably. Compared to phenylephrine’s
pure al-agonism, norepinephrine’s Sl-activity maintains cardiac contractility and
prevents reflex bradycardia [29] [30].

Dosing considerations: Low-concentration preparations (8 - 16 pg/mL) al-
low precise titration and reduce the risk of hypertensive episodes. This concen-
tration range provides effective vasoconstriction while minimizing S-adrenergic
overstimulation, crucial in the hemodynamically sensitive obstetric population
[31] [32].

Clinical evidence: Recent studies demonstrate norepinephrine’s superiority in
maintaining hemodynamic stability, reducing maternal side effects, and achieving
faster blood pressure recovery compared to traditional agents [33] [34]. The 2024
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network meta-analysis by Zhang et al confirmed norepinephrine’s optimal risk-

benefit profile across multiple outcomes [18].

4.4. Comparative Analysis of Recent Studies in Vasopressor
Management (Table 3)

Table 3. Principal comparative studies in vasopressor management (2019-2024).

Primar
Study Year n Design ~ Comparison . Y Key Results  Efficacy (%) Safety Profile p-value
Endpoint
. . NE superior Equivalent
Hasanin et al. NE vs PE Hypotension . NE:95% vs
2019 150 RCT . . hemodynamic neonatal <0.05
[23] Infusion prevention . PE: 87%
stability outcomes
. . Reduced
Wang et al. Ephedrine vs Maternal NE superior ~ NE: 92% vs .
2020 200 RCT . . maternal side <0.001
[24] NE Bolus satisfaction tolerance Eph: 73%
effects
Bolus vs Infusion
Singh et al. Network . Prevention Infusion: 92% Equivalent
2021 180 Infusion protocols <0.05
[25] MA efficacy . vs Bolus: 85% safety
Protocols superior
. Fewer
Chen et al. Dose- Low vs High . . Low dose Low: 89% vs .
2022 160 Lo Optimal dosing . . . hypertensive  0.312
[26] Finding Dose NE non-inferior ~ High: 91% .
episodes
. . . . Reduced
Martinez Prophylactic vs Time to Prophylactic ~ Proph: 94% | .
2023 140 RCT . . intervention <0.001
etal [27] Therapeutic recovery superior vs Ther: 78%
needs
. . NE: 91%, PE:
Thompson Multi- NE vs PE vs NE optimal NE safest
2023 220 . Safety profile 88%, Eph: <0.01
et al [28] Center Ephedrine balance 1% profile
0
Cost-
. . . NE NE: 93% vs Reduced
Liu et al. [29] 2024 180  Economic Effectiveness Healthcare costs . . <0.05
cost-effective =~ PE: 86%  hospital stay
NE vs PE
. . Optimal
Zhang et al. Meta- Network NE vs Hemodynamic NE superior NE best
2024 . ] maternal-fetal <0.001
[18] Analysis  MA  Ephedrine vs PE  outcomes overall profile fot
safety

RCT: Randomized Controlled Trial; MA: Meta-Analysis; NE: Norepinephrine; PE: Phenylephrine; Eph: Ephedrine; Proph: Prophy-
lactic; Ther: Therapeutic.

4.5. Efficacy and Safety Comparison: Continuous Infusion vs Bolus
Administration

The choice between continuous infusion and bolus administration of norepineph-
rine represents a critical decision point in clinical practice, each approach offering
distinct advantages and limitations (Table 4) [35].

Clinical Synthesis: Our study results align with this comparative analysis, demon-
strating 94% efficacy with continuous infusion versus 89% with bolus administra-
tion. While continuous infusion achieved superior prevention rates and hemody-
namic stability, bolus administration offers practical advantages in terms of sim-

plicity, cost-effectiveness, and ease of implementation [36] [37].
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Recommendation Framework: Continuous infusion may be reserved for high-
risk patients, teaching institutions, or centers with dedicated obstetric anesthesia
teams, while bolus administration remains appropriate for standard clinical prac-

tice and resource-limited settings.

Table 4. Comparative analysis: continuous infusion vs bolus norepinephrine.

Parameter

Continuous Infusion

Bolus Administration

Clinical Significance

Efficacy Outcomes

Prevention rate
Time to effect
Blood pressure stability

Intervention requirements

94% - 96% 89% - 92% Infusion superior for prevention

Immediate (prophylactic) 2 - 3 minutes Infusion prevents vs treats

Excellent (CV < 10%) Good (CV 15% - 20%) Infusion provides smoother control

Minimal adjustments ~ Multiple boluses are often needed Infusion reduces workload

Safety Profile

Hypertensive episodes
Cardiac arrhythmias
Maternal side effects

Neonatal outcomes

2% - 5% 8% - 12% Infusion lowers the overshoot risk
<1% <1% Equivalent low risk
Minimal Minimal Both well tolerated
Equivalent Equivalent No difference in Apgar/pH

Practical Considerations

Setup complexity
Monitoring requirements
Cost implications

Learning curve

High (pump required) Low (simple bolus) Bolus more practical

Continuous adjustment Intermittent assessment Infusion more intensive

Higher (equipment/time) Lower (minimal resources) Bolus more economical

Steep (protocol familiarity) =~ Minimal (standard practice) Bolus is easier to implement

Clinical Context
High-risk patients
Standard cases
Resource-limited settings

Emergency situations

Preferred approach Acceptable alternative Infusion for complex cases

Optional enhancement Standard of care Bolus sufficient for most

May not be feasible Readily implementable Context-dependent choice

Less suitable Rapid deployment Bolus preferred for urgency

4.6. Integration with Current Clinical Practice

Our findings support a tiered approach to vasopressor selection in obstetric anes-
thesia. Low-dose norepinephrine, whether administered as a bolus or continuous
infusion, demonstrates clear superiority over ephedrine and represents a signifi-
cant advancement in maternal-fetal care. The choice between administration mo-
dalities should be individualized based on patient risk factors, institutional re-
sources, and clinical expertise [38].

The paradigm shift toward norepinephrine-based protocols reflects evidence-
based evolution in obstetric anesthesia, prioritizing both maternal hemodynamic

stability and neonatal safety while improving overall patient experience and satis-
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faction.

4.7. Study Limitations

Several limitations must be acknowledged. The single-center design may limit
generalizability, although our institution’s high volume and standardized proto-
cols enhance the validity of the results. The relatively short follow-up period pre-
cludes assessment of long-term outcomes.

The absence of blinding represents a significant limitation due to different ad-
ministration modalities (bolus versus continuous infusion). However, objective
hemodynamic parameters remain unaffected by this limitation, and blinding was
not feasible given the distinct protocols requiring different preparation and ad-
ministration techniques.

Arrhythmia and adverse event monitoring: While continuous cardiac rhythm
monitoring was performed throughout the procedure using standard 3-lead ECG,
we did not use advanced arrhythmia detection algorithms or 24-hour Holter moni-
toring, which might have detected subtle rhythm disturbances or delayed arrhythmo-
genic effects. Other catecholamine-related adverse events, such as peripheral vaso-
constriction, anxiety, or tremor, were assessed clinically but not using standardized,
validated scales, representing another limitation in our comprehensive safety evalu-
ation.

Generalizability concerns: Our study was conducted in a single tertiary care
center with experienced anesthesiologists, which may limit the applicability of re-

sults to centers with different expertise levels or patient populations.

4.8. Future Perspectives

Our results open several research avenues. Optimal norepinephrine dosing requires
further investigation, particularly for prophylactic infusion protocols. Cost-effec-
tiveness analyses would inform healthcare policy decisions.

Long-term neonatal follow-up studies would provide additional safety data. Inves-
tigation of norepinephrine efficacy in high-risk obstetric populations (preeclampsia,

cardiac disease) represents another important research direction.

5. Conclusions

This prospective analytical study demonstrates clear superiority of norepineph-
rine over ephedrine in managing post-spinal hypotension for cesarean section.
Bolus norepinephrine administration offers optimal efficacy-safety balance with
rapid hemodynamic recovery and excellent maternal tolerance.

Prophylactic continuous norepinephrine infusion represents a promising ther-
apeutic innovation, achieving the highest efficacy rates while preventing severe
hypotension. However, its complexity may limit widespread adoption.

These findings support updating clinical guidelines to position norepinephrine
as first-line therapy for post-spinal hypotension in obstetric anesthesia, potentially

improving maternal-fetal outcomes and patient satisfaction.
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What This Study Adds

This study provides robust evidence for norepinephrine superiority in obstetric
anesthesia through direct three-way comparison, including prophylactic contin-
uous infusion. The comprehensive hemodynamic analysis, rigorous randomiza-
tion methodology with proper allocation concealment, adequate a priori power
calculation, and detailed safety monitoring support clinical practice evolution to-

ward norepinephrine-based protocols.
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