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Abstract 
 

Obese parturients are at increased risk of spinal anesthesia–induced hypotension during cesarean delivery, but optimal prophylactic 

norepinephrine dosing remains unclear. In this randomized, double-blind, dose–response study, 200 parturients undergoing elective 

cesarean delivery were stratified into obese (BMI ≥30 kg/m²) and normal weight (BMI 18.5–24.9 kg/m²) groups. Within each group, 

patients received norepinephrine infusion at 0.02–0.06 µg·kg⁻¹·min⁻¹. Standardized combined spinal–epidural anesthesia with 16 

mg hyperbaric ropivacaine was used, and infusion was started immediately after spinal injection. Hypotension was defined as SBP 

<90 mmHg or >20% decrease from baseline, and success as absence of hypotension. Probit regression was used to estimate ED50 

and ED95. ED50 and ED95 were 0.022 (95% CI 0.015–0.029) and 0.051 (0.041–0.061) µg·kg⁻¹·min⁻¹ in normal weight, compared 
with 0.036 (0.029–0.043) and 0.080 (0.058–0.102) µg·kg⁻¹·min⁻¹ in obese parturients. The relative potency ratio was 1.597 (95% 
CI 1.007–2.187; P=0.013). Neonatal outcomes and maternal adverse effects were comparable. Obese parturients require higher 

weight-adjusted norepinephrine infusion rates to prevent spinal anesthesia–induced hypotension during cesarean delivery. (Afr J 

Reprod Health 2026; 30 [14]: 66-74). 
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Résumé 

 

Les parturientes obèses présentent un risque accru d’hypotension induite par l’anesthésie rachidienne lors de la césarienne, mais la 

posologie optimale de noradrénaline en prophylaxie reste mal définie. Dans cette étude randomisée, en double aveugle et de type 

dose–réponse, 200 parturientes programmées pour une césarienne élective ont été réparties en un groupe obèse (IMC ≥30 kg/m²) et 
un groupe de poids normal (IMC 18,5–24,9 kg/m²). Dans chaque groupe, les patientes ont reçu une perfusion de noradrénaline à des 

doses de 0,02 à 0,06 µg·kg⁻¹·min⁻¹. Une anesthésie combinée rachidienne–péridurale standardisée avec 16 mg de ropivacaïne 

hyperbare a été réalisée, et la perfusion a été débutée immédiatement après l’injection rachidienne. L’hypotension était définie par 

une pression artérielle systolique <90 mmHg ou une diminution >20 % par rapport à la valeur de base, et le succès par l’absence 
d’hypotension. Une analyse de régression probit a permis d’estimer les ED50 et ED95. Les ED50 et ED95 étaient de 0,022 (IC 95 

% 0,015–0,029) et 0,051 (0,041–0,061) µg·kg⁻¹·min⁻¹ chez les parturientes de poids normal, contre 0,036 (0,029–0,043) et 0,080 

(0,058–0,102) µg·kg⁻¹·min⁻¹ chez les parturientes obèses. Le rapport de puissance relative était de 1,597 (IC 95 % 1,007–2,187; 

p=0,013). Les résultats néonataux et les effets indésirables maternels étaient comparables entre les groupes. Les parturientes obèses 

nécessitent des doses de perfusion de noradrénaline plus élevées, ajustées au poids, pour prévenir efficacement l’hypotension induite 

par l’anesthésie rachidienne lors de la césarienne. (Afr J Reprod Health 2026; 30 [14]: 66-74). 

 
Mots-clés: noradrénaline ; hypotension ; anesthésie rachidienne ; césarienne ; obésité ; parturientes 

 

Introduction 
 

Hypotension following spinal induction is a 
frequent   complication  of caesarean section and is  

 

associated with adverse effect on both the mother 
and neonate, including maternal dizziness, nausea, 
vomiting, impaired uteroplacental perfusion, and 
fetal academia.1,2 Given these risks, prophylactic 
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vasopressor use is strongly recommended.3-5 
Among the available agents, norepinephrine has 
gained prominence in obstetric anesthesia owing to 
its favorable hemodynamic profile, characterized 
by minimal depression of cardiac output and weak 
β-adrenergic activity.6,7 Previous studies for dose 
determination, including work from our group, 
have established effective continuous infusion 
regimens of norepinephrine for normotensive 
maintenance.8,9 However, these dosing guidelines 
are derived predominantly from studies involving 
normal weight populations, and their applicability 
to obese parturients remains unclear.Maternal 
obesity is not only a global health concern but also 
a significant risk factor for peripartum 
complications such as gestational diabetes, 
preeclampsia, and cardiovascular disease.10-12 
Physiologically, obese parturients exhibit elevated 
peripheral resistance and altered vascular 
compliance, which may modify their 
cardiovascular responses to vasopressors.13 
Consistent with this, obesity is recognized as a 
predictor for more frequent hypotension following 
spinal anesthesia and greater vasopressor 
requirements.14 Supporting the need for dosing 
adjusted for weight, evidence indicates that the 
optimal prophylactic dose of vasopressor is 
dependent on body mass index (BMI).15 Moreover, 
there is an independent association between obesity 
and the increased risk of fetal acidosis during 
caesarean delivery under neuraxial anesthesia16, 
and this risk potentially exacerbated by reductions 
in placental perfusion that are related to 
hypotension. Consequently, the reliable prevention 
of hypotension in this vulnerable population is 
critically important. Precise administration of 
norepinephrine can prevent maternal hypertension 
or hypotension, and may improve the outcomes for 
both the maternal and the neonatal. The dose of 

norepinephrine to keep the obesity parturients from 

hypotension may be different from the normal 

weight parturients. The potency of norepinephrine 

to prevent hypotension is quantified by 50% 

effective dose (ED50) and 95% effective dose 

(ED95) value, which is defined as the concentration 

required to prevent hypotension in 50% or 95% of 

parturients during spinal anesthesia. 

The objective of this study was to compare 

the optimal prophylactic dose of norepinephrine for 

obese and normal weight parturients undergoing 

elective caesarean delivery. Specifically, we sought 

to establish the ED50 and ED95 using an infusion 

regimen based on patient weight. We hypothesized 

that both ED50 and ED95 would be higher in the 

obese group. 
 
 

Methods 
 

 

Hypotension following spinal induction is a 
frequent complication of caesarean section and is 
associated with adverse effect on both the mother 
and neonate, including maternal dizziness, nausea, 
vomiting, impaired uteroplacental perfusion, and 
fetal academia.1,2 Given these risks, prophylactic 
vasopressor use is strongly recommended.3-5 
Among the available agents, norepinephrine has 
gained prominence in obstetric anesthesia owing to 
its favorable hemodynamic profile, characterized 
by minimal depression of cardiac output and weak 
β-adrenergic activity.6,7  

Previous studies for dose determination, 
including work from our group, have established 
effective continuous infusion regimens of 
norepinephrine for normotensive maintenance.8,9 
However, these dosing guidelines are derived 
predominantly from studies involving normal 
weight populations, and their applicability to obese 
parturients remains unclear.Maternal obesity is not 
only a global health concern but also a significant 
risk factor for peripartum complications such as 
gestational diabetes, preeclampsia, and 
cardiovascular disease.10-12 Physiologically, obese 
parturients exhibit elevated peripheral resistance 
and altered vascular compliance, which may 
modify their cardiovascular responses to 
vasopressors.13 Consistent with this, obesity is 
recognized as a predictor for more frequent 
hypotension following spinal anesthesia and greater 
vasopressor requirements.14 Supporting the need 
for dosing adjusted for weight, evidence indicates 
that the optimal prophylactic dose of vasopressor is 
dependent on body mass index (BMI).15 Moreover, 
there is an independent association between obesity 
and the increased risk of fetal acidosis during 
caesarean delivery under neuraxial anesthesia16, 
and this risk potentially exacerbated by reductions 
in placental perfusion that are related to 
hypotension. Consequently, the reliable prevention  
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Figure 1: CONSORT flow diagram of recruitment 

 

of hypotension in this vulnerable population is 
critically important. Precise administration of 
norepinephrine can prevent maternal hypertension 
or hypotension, and may improve the outcomes for 
both the maternal and the neonatal. The dose of 

norepinephrine to keep the obesity parturients from 

hypotension may be different from the normal 

weight parturients. The potency of norepinephrine 

to prevent hypotension is quantified by 50% 

effective dose (ED50) and 95% effective dose 

(ED95) value, which is defined as the concentration  

required to prevent hypotension in 50% or 95% of 

parturients during spinal anesthesia. 

The objective of this study was to compare 

the optimal prophylactic dose of norepinephrine for  

 

 

 

obese and normal weight parturients undergoing 

elective caesarean delivery. Specifically, we sought 

to establish the ED50 and ED95 using an infusion 

regimen based on patient weight. We hypothesized 

that both ED50 and ED95 would be higher in the 

obese group. 
 

 

Results 
 

Participant recruitment is shown in Figure 1. A total 

of 200 parturients were enrolled in this study. Three 

participants in Group C, who had a sensory block 

level below T6, and one participant in Group O, 

who had failed spinal anesthesia, were excluded 

from the analysis. Finally, 97 participants in Group  
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Table 1: Demographic characteristics, sensory block levels, surgical data, and rescue dose data are presented as 

mean±SD or median [IQR]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: Success rates for preventing hypotension following spinal induction at different norepinephrine infusion rates. Grey 

bars (Group C), black bars (Group O) (Success was defined as maintaining systolic blood pressure (SBP) ≥80% of baseline 
throughout the interval from induction to delivery). 
 

C and 99 in Group O completed this study and 

could be used for the final analysis.The 

demographic characteristics and baseline data were 

shown in Table 1. There were significant 

differences in weight, BMI, upper sensory block 

level (T4/T5), and total rescue doses of 

norepinephrine among the groups (P<0.05). Other 

demographic and baseline data were comparable 

between groups. 

Figure 2 shows the success rates of 

preventing spinal anesthesia induced hypotension 

in both groups under different norepinephrine 

infusion rates. The incidence rate of hypotension 

after the induction of spinal anesthesia was greater  

 Group N(n=97) Group O(n=99) P value 

Age (yr) 33 (6) 31 (7) 0.283 

Height (cm) 161.07 ± 5.25 159.72 ± 4.75 0.060 

weight (kg) 60.68 ± 4.99 82.02 ± 6.94 <0.0001 

BMI (kg m⁻²) 23.76 (1.93) 31.65 (2.69) <0.0001 

Gestation (weeks) 38 (1) 38 (1) 0.855 

Upper sensory block level (T4/T5) 14.4%/23.7% 32.3%/43.4% <0.001 

Induction-delivery interval (min) 15 (5) 15 (4) 0.076 

Uterine incision-delivery interval (min) 1 (1) 2 (2) 0.145 

Intravenous fluid volume given before 

delivery (ml) 

500 (200) 500 (100) 0.026 

Norepinephrine total rescue dose (ug/kg) 1.90 (22.6%) 4.80 (45.4%) <0.0001 
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Figure 3: Dose-response curves for norepinephrine infusion in preventing hypotension, derived from probit regression 

analysis of response probabilities in normal weight versus obese parturients

 

in Group O than in Group C across all five infusion 

rates. The rate of hypotension following spinal 

anesthesia was negatively correlated with 

increasing norepinephrine infusion rates in both the 

groups.  

Figure 3 showed the derived dose-response 

curves when using prophylactic infusion of 

norepinephrine to prevent hypotension after spinal 

anesthesia in two groups. The ED50 and ED95 

values for prophylactic infusion of norepinephrine 

derived from probit analysis were 0.022 (95%CI, 

0.015 to 0.029) and 0.051 (95%CI, 0.041 to 0.061) 

ug kg-1min-1 for Group C, and 0.036 (95%CI, 0.029 

to 0.043) and 0.080 (95%CI, 0.058 to 0.102) ug kg-

1min-1 for Group O, respectively. The relative 

median potency for norepinephrine infusion 

between groups was 1.597 (95%CI, 1.007 to 2.187), 

P=0.013, indicating a significant difference in 

prophylactic infusion rates between groups C and 

O. There was no significant difference observed in 

neonatal outcomes or maternal adverse effects 

between groups. 

 

Discussion 
 

This randomized, double-blind, prospective dose-

response study demonstrates that obese parturients 

require significantly higher prophylactic doses of 

norepinephrine than their normal weight 

counterparts to prevent spinal hypotension during 

elective cesarean delivery. The estimated ED50 and 

ED95 values were substantially higher in obese 

parturients, highlighting the direct influence of 

maternal BMI on vasopressor requirements and the 

increased intrinsic risk of hypotension in this 

population. These findings provide robust, 

evidence-based guidance for individualized 

hemodynamic management. 

Norepinephrine remains a first-line 

vasopressor in obstetric anesthesia due to its 

predominant α-adrenergic activity and minimal β-

adrenergic effects.6,7,20,21 Consistent with the 2018 

consensus recommendation,3 our data confirmed 

that higher infusion rates correlate with a reduced 

incidence of hypotension, emphasizing the benefit 

of weight-adjusted dosing strategies for precise 

hemodynamic control. In alignment with prior 

research, Sheng et al. employed weight-based 

dosing to determine effective norepinephrine doses 

(ED50 and ED90) for twin pregnancies,22 which 

informed the dosing gradient used in our study. 

Obesity, prevalent among a significant 

proportion of parturients globally,23 presents 

distinct physiological challenges for anesthesia. It 
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not only increases the baseline risk of obstetric 

complications but also modifies responses to 

neuraxial anesthesia. Obese women are more likely 

to undergo cesarean section due to labor 

abnormalities, shoulder dystocia, and maternal 

comorbidities.12,24 Mechanistically, obesity 

contributes to heightened susceptibility to spinal 

hypotension through reduced lumbosacral 

cerebrospinal fluid volume,25 altered spinal 

anatomy,26 and increased cephalad spread of local 

anesthetics,27,28 leading to a more profound 

sympathetic blockade. Additionally, obesity-

related cardiovascular changes, such as elevated 

baseline sympathetic tone29 and attenuated vascular 

responsiveness,30,31 may further compromise 

hemodynamic compensation. Consequently, 

maternal obesity is a well-established independent 

risk factor for hypotension following spinal 

anesthesia.14,32,33 

Our study systematically quantified the 

increased norepinephrine requirements in obese 

parturients. Compared with normal weight 

parturients, ED50 and ED95 values were 

approximately 64% and 57% higher, respectively, 

providing a concrete basis for individualized 

prophylactic dosing. The recommended initial 

target dose of 0.036 μg·kg^-1·min^-1 and a fully 

protective dose of 0.080 μg·kg^-1·min^-1 offer 

practical guidance for clinical application. Unlike 

previous studies that primarily focused on general 

or twin pregnancy populations,8,22 this work 

specifically addresses high-risk obese parturients 

under standardized, weight-adjusted dosing 

conditions, enhancing its clinical relevance. 

Preoperative fluid administration likely 

contributed to the lower ED50 and ED95 values 

observed compared to prior studies using 

epinephrine.35 Rapid crystalloid cohydration has 

been shown to increase intravascular volume, 

optimize venous return, and reduce vasopressor 

requirements.17,36-39 While higher doses of 

vasopressors can prevent hypotension more 

effectively, they also increase the risk of reactive 

hypertension, emphasizing the importance of 

precise, individualized dosing. 

Strengths of this study include its 

prospective, randomized, double-blind design, 

weight-standardized dosing approach, and direct 

comparison between obese and normal weight 

parturients. These factors enhance the validity and 

clinical applicability of our findings. Limitations 

include the upper cap of 0.06 μg·kg^-1·min^-1 for 

norepinephrine, which may not reflect optimal 

doses for morbidly obese parturients (BMI ≥40 
kg·m^-2), the use of standard noninvasive blood 

pressure monitoring without advanced 

hemodynamic assessment, and the exclusion of 

parturients with obesity-related comorbidities. 

Therefore, our conclusions are most applicable to 

otherwise healthy parturients with BMI 30–40 

kg·m^-2 undergoing elective cesarean delivery. 

Clinically, these results support 

individualized, weight-adjusted norepinephrine 

dosing to improve maternal hemodynamic stability 

and potentially optimize neonatal outcomes. From 

a policy perspective, our findings justify 

incorporating BMI-based vasopressor protocols 

into obstetric anesthesia guidelines to standardize 

care for high-risk populations. 
 

Conclusion  
 

Obese parturients (BMI ≥30 kg·m^-2) require 

significantly higher prophylactic doses of 

norepinephrine than normal weight parturients to 

prevent spinal anesthesia-induced hypotension 

during cesarean delivery. The quantified ED50 and 

ED95 values provide an evidence-based framework 

for individualized hemodynamic management. 

These findings underscore the importance of 

weight-adjusted vasopressor protocols in obstetric 

anesthesia and inform both clinical practice and 

policy. Future studies should validate these doses in 

more diverse populations, including morbidly 

obese parturients and those with comorbidities, and 

investigate long-term maternal and neonatal 

outcomes. 
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