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Abstract: Spinal anesthesia-induced hypotension (SAH) is a common complication during emergency cesarean sections, which can negatively affect 
both maternal and neonatal outcomes. This study aims to compare the efficacy of norepinephrine and phenylephrine boluses in preventing SAH in 

obstetric patients. Objective: To compare the efficacy of norepinephrine and phenylephrine boluses for preventing spinal anesthesia-induced 
hypotension (SAH) in obstetric patients undergoing emergency cesarean section. Methods: A double-blind randomized controlled trial was conducted 

at Dr. Ruth K.M. Pfau Civil Hospital Karachi, Dow University of Health Sciences, from 1st January 2025 to 31st March 2025. A total of 124 obstetric 

patients undergoing emergency cesarean section under spinal anesthesia were randomly assigned into two groups: norepinephrine (N) and 

phenylephrine (P). Each group consisted of 62 patients. The primary outcome was the incidence of hypotension following spinal  anesthesia, while 
secondary outcomes included the need for additional vasopressor boluses, maternal and neonatal outcomes, and side effects. Statistical analysis was 

performed using Chi-square tests, with a p-value <0.05 considered statistically significant. Results: The overall incidence of hypotension was 58 

(46.77%). The rate of spinal anesthesia-induced hypotension was significantly higher in the phenylephrine group compared to the norepinephrine 

group (56.45% vs. 37.1%; p=0.031). The proportion of infants with an Apgar score <7 at one minute was significantly higher in the phenylephrine 
group than in the norepinephrine group (33.9% vs. 6.5%; p=0.0005). Conclusion: A prophylactic bolus dose of norepinephrine demonstrated superior 

efficacy compared to phenylephrine for the prevention of spinal anesthesia-induced hypotension in parturients undergoing emergency cesarean section. 
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Introduction 

Spinal anesthesia has become the most common and favoured anesthetic 

technique for cesarean delivery (1). Obstetric airway management is 

challenging; thus, spinal anesthesia bypasses airway manipulation in this 
population. Spinal anesthesia-induced hypotension (SAH) is a common 

and potentially serious complication encountered in obstetric patients 

undergoing cesarean section. The incidence of spinal anesthesia-induced 

hypotension is 56.8% (2). The sympathetic blockade caused by spinal 
anesthesia leads to vasodilation and reduced venous return, subsequently 

decreasing cardiac output and systemic vascular resistance. This blood 

pressure reduction can compromise uteroplacental blood flow, causing 

adverse feto-maternal outcomes, like nausea, vomiting, fetal acidosis, and 
in extreme scenarios, intrauterine fetal demise (3). 

Various measures are taken to prevent spinal anesthesia-induced 

hypotension. Preloading with 10- 15ml/kg Crystalloids or co-loading with 

colloids is a regular practice. Different vasopressors have also been used 
to overcome vasodilation. The preferred medication for the management 

of spinal anesthesia-induced hypotension is phenylephrine (4). 

Phenylephrine is an alpha 1 agonist that overcomes vasodilation 

secondary to sympatholytic. It maintains preload and improves cardiac 
output. The worrisome side effect of phenylephrine is reflex bradycardia 

(5). 

Norepinephrine is a relatively new vasopressor that prevents and treats 

hypotension secondary to neuraxial anesthesia. It is a potent vasopressor 
having an additional β1 effect. This dual mechanism has the potential to 

provide more stable hemodynamics compared to phenylephrine, which 

may reduce the incidence of reflex bradycardia and result in better 

maternal cardiovascular stability. Recently, it has been safely used for the 

management of spinal anesthesia-induced hypotension in obstetric (6) and 

elderly populations. 7Norepinephrine has been used as an infusion and 

bolus dosage. Most of the studies use infusion pumps (8, 9). Bolus and 
infusion dosage of norepinephrine have also been safely determined. 

Different bolus dose allocation studies have been done. In a recent survey, 

the ED90 values for prophylactic norepinephrine bolus and phenylephrine 

bolus were found to be 8.0 μg (95% CI 7.1-11.0 μg) & 90.9 μg (95% CI 
82.0-123.9 μg), respectively (10, 11). 

Neonatal outcomes are also comparable using norepinephrine to manage 

hypotension, secondary to spinal anesthesia (12, 13). In a recent study, 

hemodynamic parameters were compared between parturients 
undergoing elective and emergency c-section, and there was a significant 

statistical difference in hemodynamics. 14Norepinephrine has been used 

for the management of spinal anesthesia-induced hypotension in patients 

undergoing elective cesarean section with promising results (15). 
This study aims to determine the effectiveness of prophylactic use of 

bolus norepinephrine and phenylephrine in patients undergoing 

emergency caesarian section. The data was lacking in our part of the 

World, and as we belong to a developing country, bulk use of the drug is 
cost-effective. Most of the studies have been done in elective cases and 

using infusion pumps; we studied bolus doses of the drug in patients 

undergoing emergency cesarean delivery. This trial aims to provide 

insights into which vasopressor may be optimal for this high-risk patient 
population by assessing hemodynamic stability, side effects, and maternal 

and neonatal outcomes. 
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Methodology  

This was a single-centered, prospective randomized controlled trial 
conducted at Dr Ruth K.M. Pfau Civil Hospital Karachi, Dow University 

of Health Sciences, from 1st January 2025 to 31st March 2025. The 

institutional review board approved the study, Dow University of Health 

Sciences, on 31st December, 2024 (IRB-
3788/DUHS/Approval/2024/377). This trial was registered at the 

ClinicalTrials.gov registry, No: NCT06836986.Written informed consent 

was obtained from all study participants before their inclusion in this trial. 

A total of 124 pregnant women who were admitted for an emergency 
cesarean section under spinal anesthesia were enrolled. OpenEpi software 

was used to calculate sample size, where Alpha=5%, Power of test 1-

beta=80, incidence of hypotension is 24% & 6% in norepinephrine and 

phenylephrine groups, respectively. 16 The calculated sample size was 
n=124, and 62 patients were in each group. The inclusion criteria were 

ASA II & III patients undergoing emergency lower segment cesarean 

section under spinal anesthesia, age 18-40 years, and gestational age ≥ 32 

weeks. All patients with hypertensive disorders of pregnancy having 
baseline systolic blood pressure ≥160mmHg and diastolic blood pressure 

≥99mmHg, baseline Mean arterial pressure <70 mmHg, antepartum 

hemorrhage/intraoperative blood loss greater than 1000ml, history 

indicative of cardiovascular or neurological disease, known fetal 
anomaly, taking serotonin reuptake inhibitor, tricyclic antidepressants, 

monoamine oxidase inhibitor and maternal situations requiring immediate 

administration of general anesthesia were excluded. Using a lottery 

method, participants were randomly assigned to one of the two groups. 
Group N received norepinephrine boluses, while Group P received 

phenylephrine boluses. Group N (Norepinephrine Boluses) patients in this 

group received a prophylactic bolus of norepinephrine 8 µg administered 

intravenously right after induction of spinal anesthesia. If hypotension 
persisted, additional boluses of norepinephrine 4 µg were administered at 

3-minute intervals until blood pressure was stabilized. Group P 

(Phenylephrine Boluses) patients in this group received a prophylactic 

bolus of phenylephrine 100µg intravenously right after induction of spinal 
anesthesia. If hypotension persisted, additional boluses of phenylephrine 

50µg were administered at 3-minute intervals until blood pressure was 

stabilized. 

All patients were monitored with pulse-oximetry and a continuous ECG. 
Heart rate & blood pressure were monitored continuously via an 

automated non-invasive blood pressure cuff every 3 minutes during the 

procedure and for 30 minutes postoperatively. Hypotension was defined 

as a decrease in systolic blood pressure of>80% from the baseline value. 
Bradycardia was described as a heart rate <60 beats per minute. The 

occurrence of bradycardia (heart rate <60 bpm), hypotension, nausea, 

vomiting, and other adverse events was recorded during the procedure. 

Neonatal outcomes were assessed using Apgar scores at 1 and 5 minutes 
post-delivery. Need for rescue boluses, administration of atropine & need 

for blood transfusion were also recorded. After informed consent, patients 

were included in the study. The obstetrics team had already given 

aspiration prophylaxis. Co-loading was done with 15ml/kg Inj. Ringer’s 
lactate and hemodynamics were monitored with standard ASA 

monitoring. At this point, blood pressure and heart rate were labelled as 

maternal baseline hemodynamic parameters. After aseptic measures, 

spinal anesthesia was induced in a sitting position by a midline approach. 
25 g Quinke’s needle was injected at L3-L4 vertebra after subcutaneous 

infiltration of 2% lignocaine. 0.5% bupivacaine hyperbaric 10-12mg (2-

2.2ml) was injected in the subarachnoid space with consideration of the 
patient's height. The desired sensory block level was T6 to pinprick. 

Oxygen supplementation with a 5-liter face mask was administered. 

Prophylactic boluses were given to both groups immediately after spinal 

anesthesia induction. The immediate hemodynamic parameters after 
induction were labelled as T0, after every 3 minutes. Maternal mean 

arterial pressure, systolic blood pressure, diastolic blood pressure, and 

heart rate were recorded every 3 minutes till delivery of the baby 

(umbilical cord clamping). The trial was concluded at this point. The data 

entry & analysis were done through SPSS-23. Kolmogorov-Smirnov test 

and independent sample t-test were applied between groups. Chi-square 
or Fisher's exact test was used to compare the proportion difference 

between groups. P value has remained significant <0.05. 

Results 

The demographic characteristics, including age, weight, height, and BMI, 
were comparable in both groups. Additionally, booking status and gravida 

showed no statistically significant differences between the groups (Table 

1, Fig. 1). In groups N & P, the baseline SBPs were127.05±13.08 and 

128.26±11.98mmHg, and the baseline Heart rates were 94.81±16.19 and 
99±16.13 bpm, respectively. The mean heart rate, systolic blood pressure 

(BP), diastolic BP, and mean arterial pressure (MAP) were comparable 

between the groups (Tables 2-4, Figs. 2-3). No significant differences 

were observed in hemodynamic parameters between the groups, except 
for diastolic BP, which showed a significant difference at the T6 and T7 

time points. This might be because the mean duration from induction till 

delivery of the neonate was 16-18 minutes. Mean arterial pressure was 

significantly higher in group N vs group P, 86.10±8.86 vs 76.48±11.04 (p 

value 0.02). Overall incidence of hypotension in this study was 46.77% 

(58). The rate of spinal anesthesia-induced hypotension was significantly 

higher in group P as compared to group N [56.45% vs. 37.1%; p=0.031] 

(Fig. 4). Similarly, the need for rescue bolus was 22.58% in group N and 
24.19% in group P, which was not statistically significant between groups 

(p=0.832). 

The rate of bradycardia was not significantly different between the 

groups (4.84% vs. 6.45%; p=0.999). Similarly, the rate of transfusion 

showed no statistically significant difference. However, the mean 

urinary output was significantly higher in Group P compared to Group N 

(p=0.015). The incidence of an Apgar score <7 at one minute was 

considerably higher in Group P than in Group N (33.9% vs. 6.5%; 

p=0.0005). In contrast, the proportion of infants with an Apgar score <7 

at five minutes was 1.61% in Group N and 3.23% in Group P, which 

was not statistically significant (Table 5). 

 Fig. 1: Trends of heart rate in both groups  

Fig. 2: Trends of blood pressure in both groups  
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Fig. 3: Trends of mean arterial pressure (MAP) 

Fig. 4: Comparison of the rate of spinal anesthesia-induced 

hypotension between groups (n=124).

Table 1: Comparison of demographic characteristics of patients between groups 

Variables Group N (n=62) Group P (n=62) P-Value 

Age (years) 27.82±5.25 26.85±5.39 0.313 

Weight (kg) 65.90±7.75 68.05±8.76 0.151 

Height (cm) 155.24±2.74 154.82±1.92 0.326 

BMI (kg/m2) 27.35±3.19 28.40±3.73 0.095 

Baseline HB 10.67±1.02 10.86±1.09 0.308 

Booking status 

Booked 52 (83.87%) 45 (72.58%) 0.128 

Referred 10 (16.13%) 17 (27.42%) 

Gravida 

Primigravida 10 (16.13%) 16 (25.81%) 0.292 

Multigravida 47 (75.81%) 39 (62.90%) 

Grand Multigravida 5 (8.06%) 7 (11.29%) 

Twin Pregnancy 7 (11.60%) 10 (16.12%) 0.6135 

Table 2: Comparison of mean heart rate between groups over time 

Heart Rate [Time (min)] Group N (n=62) Group P (n=62) P-Value 

Base line 94.81±16.19 99±16.13 0.15 

T0 (induction) 93.4±17.80 99.92±17.60 0.06 

T1 (3mins) 98.68±19.47 100.06±20.74 0.70 

T2  (6mins) 100.68±19.29 98.11±23.77 0.51 

T3 (9mins) 99.71±18.42 97.18±18.86 0.45 

T4 (12mins) 95.72±18.74 99.26±20.25 0.35 

T5 (15mins) 95.71±17.84 99.24±22.05 0.42 

T6 (18mins) 90.71±16.41 95.66±25.08 0.41 

T7 (21mins) 93.4±17.62 101.1±18.92 0.28 

T8 (24mins) 85.0±6.48 100±16.96 0.12 

T9 (27mins) 82.0±2.83 99.17±12.32 0.11 

T10 (30mins) 95.0±21.21 98±11.77 0.81 

Table 3: Comparison of mean systolic and diastolic blood pressure between groups over time 

Time (min) Diastolic BP Diastolic BP 

Group N 

(n=62) 

Group P 

(n=62) 

P value Group N 

(n=62) 

Group P 

(n=62) 

P value 

Base line 127.05±13.08 128.26±11.98 0.592 79.08±10.52 79.95±10.07 0.638 

T0 (induction) 124.56±17.43 123.16±15.22 0.634 74.90±13.19 73.82±13.78 0.656 

T1 (3mins) 121.03±16.80 119.44±13.91 0.565 69.94±15.30 71.82±15.83 0.501 

T2 (6mins) 118.05±20.21 115.44±17.30 0.441 67.55±15.02 66.69±16.06 0.760 

T3(9mins) 116.02±15.27 115.41±14.81 0.824 66.89±12.21 66.39±14.93 0.841 

T4(12mins) 112.91±13.50 113.74±14.53 0.761 63.61±13.07 64.06±13.37 0.862 

T5(15mins) 115.17±10.53 110.88±20.66 0.235 64.55±10.75 60.98±13.76 0.191 

T6(18mins) 114.58±15.98 106.84±23.94 0.176 67.17±14.89 58.09±16.66 0.040* 

T7(21mins) 118.60±12.11 110.19±13.18 0.099 72.80±8.57 61.95±11.34 0.012* 

T8(24mins) 119.50±17.54 110.67±15.96 0.389 57.25±8.36 62.56±11.80 0.701 

T9(27mins) 133.50±33.23 108.67±7.45 0.092 73.00±4.24 64.33±14.21 0.448 

T10(30mins) 108.00±9.90 105.60±6.11 0.700 64.00±1.41 59.40±9.63 0.553 
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Table 4: Comparison of mean arterial pressure between groups over time 

MAP [Time (min)] Group N (n=62) Group P (n=62) P-Value 

Base line 92.48±11.30 88.77±11.06 0.06 

T0 104.32±14.25 83.66±13.45 0.16 

T1 83.48±14.96 84.95±14.44 0.57 

T2 81.26±15.87 79.08±15.20 0.43 

T3 78.37±13.64 80.34±12.63 0.40 

T4 78.50±12.79 78.15±14.43 0.89 

T5 80.98±11.77 75.73±13.29 0.06 

T6 79.13±14.66 74.74±11.87 0.22 

T7 86.10±8.86 76.48±11.04 0.02* 

T8 90.50±6.95 76.67±12.66 0.06 

T9 97.50±24.74 77.17±5.15 0.06 

T10 78.50±2.12 76.20±4.38 0.53 

Table 5: Comparison of secondary outcomes between groups over time 

Secondary Outcome Group N (n=62) Group P (n=62) P-Value 

Need for rescue boluses 14(22.58%) 15(24.19%) 0.832 

Adverse events 

Bradycardia (heart rate <60 bpm) 3(4.84%) 4(6.45%) 0.999 

Administration of atropine 3(4.84%) 2(3.23%) 0.999 

Need for blood transfusion 1(1.61%) 1(1.61%) 0.999 

Others 

Intraoperative Blood Loss 580.65±978.24 613.71±118.79 0.092 

Urine output (ml) 107.26±59.26 133.87±60.58 0.015* 

Total intravenous fluid administration from 

preloading till the end of the surgery in liters 

1.89±1.33 1.70±0.26 0.260 

Duration of surgery (min) 57.77±9.30 55.44±9.97 0.179 

Duration from induction to delivery of the baby 16.98±4.79 18.16±6.22 0.240 

Neonatal outcomes 

Apgar scores <7 at 1minute   4(6.5%) 21(33.9%) 0.0005 

Apgar scores <7 at 5 minutes 1(1.61%) 2(3.23%) 0.999 

Discussion 

 
One of the key findings of our study was the reduced incidence of 

hypotension in the norepinephrine group compared to the phenylephrine 

group. Another study supported this finding, which showed intermittent 

norepinephrine bolus maintains greater cardiac output in spinal 
anesthesia-induced hypotension (17). This finding is consistent with 

another study that suggests norepinephrine provides more stable 

hemodynamics, likely due to its dual action as an α- and β-adrenergic 

agonist. The results align with the survey by Ngan-Kee et al (5). This 
showed that norepinephrine significantly lowers the incidence of spinal 

anesthesia-induced hypotension compared to phenylephrine in parturients 

undergoing cesarean section under spinal anesthesia.  5 In the present 

study, fewer patients in the norepinephrine group required additional 
boluses of vasopressors, but this number isn't statistically significant. 

However, another study has similar findings regarding the requirement of 

a rescue bolus (18). 

This study showed no difference regarding incidence of bradycardia in 
both groups and finding was supported by other studies where post 

anesthesia induction heart rate were comparable in both groups (8-16)(19) 

In contrast, another study showed norepinephrine was superior to 

phenylephrine for decreased number of incidence of bradycardia (5). 
Reflex bradycardia is a known side effect of phenylephrine, which 

increases vascular resistance and triggers a compensatory decrease in 

heart rate. The difference in our findings might be due to the patient 
population, as our parturients were in labor, had fluctuations in the heart 

rate secondary to pain, and were undergoing emergency cesarean section. 

In our study, we opted for the most common bolus dosage of the 

vasopressors for managing spinal anesthesia-induced hypotension. 

Phenylephrine 100 micrograms is equivalent to norepinephrine 7.6 

micrograms. This potency ratio of both drugs was calculated in a graded 
dose-response study and found to be approximately 1:13 (10). Another 

study applied the Narayana rule for an up-down sequential allocation 

method, and the potency ratio of phenylephrine and norepinephrine was 

found to be 1:11.3, which means 8.8 micrograms of norepinephrine is 
equipotent with 100 micrograms of phenylephrine (20). Another study 

was conducted in parturients undergoing emergency cesarean section 

using similar doses (12). Hence, we opted for this combination of 

equipotent doses of both drugs. 
In our study, group P had significantly higher urine output than group N. 

Phenylephrine significantly increased urine output without changing 

creatinine values (21). However, this might not be clinically significant. 

In our study, neonatal outcomes were comparable between the two groups 
concerning Apgar scores at 5 mins, consistent with findings from Zhou et 

al (22). Both vasopressors were equally safe for the fetus, with no adverse 

effects on acid-base balance or neonatal vitality.23 The Apgar scores are 

significantly better in the norepinephrine group at 1 min. This is supported 
by a Bayesian network meta-analysis of fetal and maternal outcomes (24). 

In contrast, recent studies show comparable fetal outcomes in both groups 

(25, 26). As our study showed better neonatal outcomes in terms of Apgar 

scores at 1 min, this discrepancy may be because our study included 
parturients with potential fetal distress. This is a critical consideration, as 

the safety of the fetus remains a primary concern in obstetric anesthesia, 

especially when using medications that affect maternal hemodynamics. 
However, Apgar scores at 1 minute are usually low in parturients 

undergoing c-section, and they typically improve at 5 minutes. Low 

Apgar scores at 5-10 minutes are associated with cerebral palsy (27). 
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As our study also included pre-eclamptic patients, norepinephrine bolus 

dosage is equally effective as phenylephrine bolus dosage. Mohta et al 
(28). Parturients with pre-eclampsia undergoing caesarean delivery, bolus 

doses of phenylephrine (50μg) and norepinephrine (4μg) used to treat 

spinal anaesthesia-induced hypotension are equally effective with 

comparable maternal & neonatal outcomes 
Moreover, the total volume of intravenous fluids administered did not 

differ significantly between the two groups, suggesting that the 

differences in blood pressure maintenance were due to the vasopressors 

rather than fluid management. This finding supports the conclusion that 

norepinephrine's superior efficacy is related to its pharmacodynamic 

properties rather than any differences in fluid resuscitation. The strength 

of our study is the bolus use of norepinephrine for the prevention of SAH 

in the context of emergency cesarean section. The results of this study can 
be applicable for both the prevention and treatment of spinal anesthesia-

induced hypotension. Most previous studies were done in the elective 

scenario or using infusion pumps. As most operating setups in our part of 

the World lack infusion pump availability, safe bolus norepinephrine 
dosage in this population warrants promising neonatal and maternal 

outcomes. 

Conclusion 

Pregabalin is an effective option for controlling hemodynamic stress 
response observed after the creation of pneumoperitoneum. 
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