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Background: Norepinephrine (NE), a vasopressor commonly used during cesarean section, avoids the phenylephrine (PE)-induced 
decreases in heart rate and cardiac output. Conversely, PE reduces the incidence and severity of maternal shivering and hypothermia 
during cesarean section. Therefore, before recommending NE as a complete replacement for PE, their effects on maternal core 
temperature must be compared. This study aimed to determine whether prophylactic infusion of NE is non-inferior to PE in 
maintaining maternal core temperature.
Materials and Methods: One hundred and forty eligible women scheduled for cesarean section under spinal or combined spinal- 
epidural anaesthesia were randomly assigned to either the NE or PE group. All participants, caregivers, and outcome assessors were 
blinded. NE (8 μg/mL) or PE (100 μg/mL) was administered intravenously at a fixed rate of 15 mL/h (equivalent to NE 2 μg/min or PE 
25 μg/min), starting concurrently with the subarachnoid injection, and continuing until the end of surgery. The primary outcome was 
postoperative maternal core temperature, with a non-inferiority margin set at 0.2°C.
Results: Postoperative maternal core temperature was non-inferior in the NE group (mean, 36.35°C; 95% confidence interval [CI], 
36.28–36.42) compared to the PE group (mean, 36.41°C; 95% CI, 36.34–36.49). The mean difference between the two groups was 
−0.06°C (95% CI, - 0.16 to 0.04), meeting the criterion for non-inferiority (one-sided p = 0.008). The incidence of bradycardia was 
significantly lower in the NE group than in the PE group (7.4% vs. 33.8%; p < 0.001). No significant differences were found between 
the groups in the incidence or severity of shivering, the incidence of hypothermia, or the thermal comfort score.
Conclusion: NE was not inferior to PE regarding its effect on maternal core temperature, providing a rationale for its use during 
cesarean sections.
Keywords: norepinephrine, phenylephrine, body temperature, cesarean section, spinal anaesthesia

Introduction
Spinal anaesthesia (SA) induces systemic vasodilation and redistribution of blood from the core to the periphery, leading 
to a decrease in maternal temperature and, in some cases, resulting in hypothermia.1,2 These thermal disturbances can 
prolong clotting time, delay wound healing, and increase susceptibility to infection.3–5 Vasoconstrictor drugs can mitigate 
this core-to-peripheral blood redistribution, thereby helping to maintain maternal body temperature. Additionally, 
intraoperative hypotension is associated with increased postoperative complication rates.6 Norepinephrine (NE) and 
phenylephrine (PE) are the two vasopressors most frequently compared for managing hypotension in this context.

Prophylactic infusion of equivalent doses of PE or NE has shown no differential effects on fetal heart rate, cardiac 
output, or prognosis.7 Moreover, PE infusion has been demonstrated to improve the management of maternal hypother
mia and reduce the incidence of shivering.8,9 However, a key disadvantage of PE is its tendency to trigger baroreceptor- 
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mediated reflex bradycardia and reduce maternal cardiac output,10–12 potentially limiting its use in parturients with pre- 
existing cardiac insufficiency or fetal compromise. In contrast, NE is a potent α-agonist with additional weak β- 
adrenergic activity,13 a pharmacological profile that distinguishes it from the pure α-agonist PE. This characteristic 
suggests that NE may be superior for maintaining cardiac output during cesarean delivery under spinal or combined 
spinal-epidural anaesthesia. Given PE’s beneficial effects on temperature regulation alongside its potential hemodynamic 
drawbacks, a direct comparison of their impact on maternal core temperature is warranted to inform clinical choice.

A continuous prophylactic infusion of PE is more effective than rescue boluses for maintaining circulatory stability.14 

Similarly, a fixed-rate NE infusion is as effective as a PE infusion in treating hypotension.15–17 Based on these protocols, 
we conducted this randomized controlled trial to compare the effect of a fixed-rate prophylactic infusion of NE versus PE 
on maternal core temperature during cesarean section under spinal or combined spinal-epidural anaesthesia. We 
hypothesized that the core temperature of women receiving NE would be non-inferior to that of women receiving PE.

Methods
We conducted a randomized, double-blind, non-inferiority clinical trial. The study enrolled women undergoing elective 
cesarean section under spinal or combined spinal-epidural anaesthesia at the Second People’s Hospital of Hefei between 
September 5, 2025 and January 18, 2026. The protocol was approved by the Institutional Ethics Committee of the Second 
People’s Hospital of Hefei and was registered prospectively on ClinicalTrials.gov (Identifier: ChiCTR2500105375). The 
trial was conducted in accordance with the Declaration of Helsinki and reported in accordance with the Consolidated 
Standards of Reporting Trials (CONSORT) guidelines.18 Patients were screened during the preoperative visit. After 
providing written informed consent, 140 American Society of Anesthesiologists (ASA) physical status II women with 
term, uncomplicated, normotensive pregnancies were enrolled.

Exclusion criteria included: age < 18 years, known allergy to PE or NE, fetal malformations, preoperative fever 
(axillary temperature > 37.5°C), or the presence of shivering. Participants could withdraw at any time. The attending 
anesthesiologist and obstetrician were responsible for assessing and managing any perioperative adverse events and 
deciding on study discontinuation if necessary. Participants were randomly allocated in a 1:1 ratio to the PE or the NE 
group by an external statistician who had no role in patient enrollment or the administration of interventions. 
A computer-generated randomisation sequence was created using SPSS software (version V.16.0) with variable block 
sizes. The allocation was concealed using sequentially numbered, opaque, sealed envelopes. Patients, caregivers 
(anesthesiologists, surgeons, nurses), and outcome assessors were all blinded to group assignment.

Study drug preparation: a nurse not involved in patient care or outcome assessment prepared identical 50 mL syringes 
containing either NE (8 µg/mL) or PE (100 µg/mL) in a 5% dextrose solution. Syringes were labelled only with “Study 
Solution” and a randomisation code. Anesthetic and study protocol: Upon arrival in the operating room (ambient 
temperature set at 22–24°C), an 18-gauge intravenous catheter was placed. All patients received a preload of lactated 
Ringer’s solution at 5 mL/kg over 15 minutes, followed by a maintenance infusion at 6 mL/kg/h. After urinary 
catheterization, a rectal temperature probe (XC-TS-T, XIAO CHUANG Medical, China) was inserted and connected 
to a monitor (Bene Vision M15, Mindray, China) for continuous core temperature measurement. Preoperative core 
temperature was defined as the value recorded just before intrathecal injection (after at least 5 minutes of stabilization). 
Postoperative core temperature was defined as the value recorded immediately after skin closure, before the patient left 
the operating room.

With the patient in the lateral decubitus position, anaesthesia was administered at the L2-L3 or L3-L4 interspace. In 
this study, spinal anaesthesia was performed by intrathecal injection of 1.5 mL of 1.0% hyperbaric ropivacaine hydro
chloride via a 25-gauge needle. For the combined spinal-epidural technique, an 18-gauge Tuohy needle was used to 
locate the epidural space. A 25-gauge spinal needle was then passed through the Tuohy needle into the subarachnoid 
space. After confirming free cerebrospinal fluid flow, the same dose of ropivacaine was injected. An epidural catheter was 
then inserted 3–5 cm into the epidural space and secured. No epidural medications were administered to any patient 
during surgery. Concurrently with the intrathecal injection, the blinded “Study Solution” infusion was initiated at a fixed 
rate of 15 mL/h and maintained until the end of surgery. The patient was then repositioned supine with left uterine 
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displacement. Sensory block level was assessed using a blunt-tipped needle at the midline; surgery was permitted to 
begin only upon confirmation that the blockade had reached the T4 dermatome.

The study drug infusion rate was titrated to maintain systolic blood pressure (SBP) within 80–120% of baseline value. 
The protocol was: If SBP > 120% of baseline, reduce infusion rate to 7.5 mL/h. If SBP > 130% of baseline, stop the 
infusion. If SBP < 80% of baseline, increase the infusion rate to 30 mL/h. The infusion was also stopped if Heart Rate 
(HR) was < 60 bpm while SBP remained within the target range (80–120% of baseline). If HR was < 55 bpm with 
concurrent SBP < 80% of baseline, or if the absolute HR was < 50 bpm, intravenous atropine (0.5 mg) was administered.

The primary outcome was postoperative maternal rectal temperature. “Shivering” was assessed perioperatively and 
defined as visible muscle contractions of the face, neck, chest, or limbs lasting ≥ 15 seconds. Its severity was graded as: 1 
= None; 2 = Mild (facial/neck muscles only); 3 = Moderate (involving trunk); 4 = Severe (generalized).19 For severe 
shivering, 25 mg intravenous pethidine was administered as rescue therapy. Thermal comfort was assessed postopera
tively using a 100-mm visual analogue scale (VAS), where 0 mm represented “unbearably cold”, 50 mm “thermo
neutral”, and 100 mm “unbearably hot”.20 A fresh, unmarked scale was used for each assessment. The participants were 
instructed to use these VASs immediately before the commencement of this operation.

Data Collection
Preoperative collected data included maternal age, weight, height, gestation, baseline SBP and diastolic blood pressure 
(DBP), HR and maternal rectal temperature. Intraoperative and postoperative data included the total fluid volume, 
duration of surgery, postoperative maternal rectal temperature, incidence of shivering and hypothermia (core temperature 
< 36.0°C), and VAS score for thermal comfort.

Statistical Analysis
The primary analysis followed the per-protocol principle. The non-inferiority margin (Δ) for the difference in mean post
operative core temperature (NE minus PE) was set at −0.2°C, a value considered clinically insignificant. Non-inferiority 
would be concluded if the lower limit of the two-sided 95% confidence interval (CI) for the between-group difference was 
greater than −0.2°C. The sample size was calculated for the non-inferiority test. Based on preliminary data (SD = 0.336°C), 61 
participants per group were required to achieve 90% power at a one-sided 2.5% significance level, with a non-inferiority 
margin of 0.2°C. To account for a 10% dropout rate, 70 participants per group (total N = 140) were enrolled.

Data were analyzed using SPSS 16.0 and GraphPad Prism 8.0.2. Normality was assessed using the Kolmogorov– 
Smirnov test. Normally distributed continuous data are presented as mean ± SD and compared using Student’s t-test; 
non-normally distributed data as median (IQR) and compared using the Mann–Whitney U-test. Categorical data are 
presented as n (%) and compared using the Chi-squared test. A one-sided p-value for non-inferiority was calculated using 
the method described by Mascha and Sessler.21 A p-value < 0.025 was considered statistically significant for the primary 
non-inferiority hypothesis.

Result
A total of 140 eligible women were enrolled and randomly assigned to the PE (n = 70) or NE (n = 70) group. Four 
patients (two per group) who required epidural supplementation due to failed spinal anesthesia were excluded from the 
per-protocol analysis. The participant flow diagram is shown in Figure 1. As shown in Table 1, the groups were 
comparable in all demographic parameters, baseline core temperatures, hemodynamics, and surgical duration. 
Additionally, no significant differences were found in the incidence of shivering, hypotension, hypothermia, or reactive 
hypertension, nor in the thermal comfort VAS scores or shivering severity (Table 2). The incidence of hypothermia (core 
temperature < 36.0°C) was 5.9% (4/68) in the PE group and 8.8% (6/68) in the NE group, with no significant difference 
between the groups (p = 0.744).

The incidence of bradycardia was significantly lower in the NE group (7.4%) than in the PE group (33.8%) (RR 
0.217, 95% CI 0.089 to 0.512; p < 0.001). Regarding the primary outcome, the mean postoperative core temperature did 
not differ significantly between the NE and PE groups [36.35°C ± 0.31 vs. 36.41°C ± 0.29; p = 0.218] (Table 2). The 
distributions of preoperative and postoperative temperatures are shown in Figure 2. The mean between-group difference 
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in postoperative core temperature was -0.06°C (95% CI, −0.16 to 0.04). Since the lower limit of the 95% CI (−0.16°C) 
was greater than the pre-specified non-inferiority margin of −0.2°C, the non-inferiority of NE to PE was established (one- 
sided non-inferiority p = 0.008) (Figure 3).

Figure 1 CONSORT flow diagram. 
Abbreviation: SA, spinal anaesthesia.

Table 1 Parturient Demographic Characteristics and Intraoperative Data

Parameters PE (n = 68) NE (n = 68) p-value

Age (yr) 31.9 [22–39] 31.1 [21–38] 0.946
Weight (kg) 71.7 ± 8.2 71.9 ± 8.7 0.867

Height (cm) 160.4 ± 4.2 159.8 ± 4.4 0.382

Gestational (weeks) 38.9 (38.3–39.1) 38.7 (38.1–39.1) 0.655
Ambient temperature (°C) 23.0 (23–23) 23.0 (23–24) 0.334

Duration of surgery (min) 58.4 ± 12.9 57.5 ± 14.3 0.692

Fluid administered (mL) 854.2 ± 166.4 838.6 ± 160.0 0.579
Baseline SAP (mmHg) 113.4 ± 9.4 114.5 ± 9.4 0.473

Baseline DAP (mmHg) 69.0 ± 7.1 70.5 ± 7.8 0.273

Baseline HR (bpm) 86.0 ± 11.2 83.5 ± 10.2 0.174

Notes: Values are shown as mean ± standard deviation, mean [range], or median (inter- 
quartile range). Continuous variables with normal distribution were compared using 
Student’s t-test (presented as mean ± SD); non-normally distributed continuous variables 
were compared using the Mann-Whitney U-test (presented as median [IQR]). Categorical 
variables were compared using the chi-square test (presented as n [%]).

https://doi.org/10.2147/DDDT.S598964                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2026:20 4

Tao et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Discussion
This randomized, double-blind, non-inferiority trial demonstrates that a prophylactic fixed-rate infusion of norepinephr
ine is not inferior to phenylephrine in maintaining maternal core temperature at the end of cesarean delivery under spinal 
or combined spinal-epidural anaesthesia. This finding is significant because it addresses a key uncertainty surrounding 
the use of NE as an alternative to PE.

Table 2 Intra-Operative Core Body Temperature, Shivering, Hypothermia and 
VAS Score for Thermal Comfort

Parameters PE (n = 68) NE (n = 68) p-value

Core body temperature

Pre-operative (°C) 37.0 (36.7–37.2) 36.9 (36.7–37.1) 0.311
Post-operative (°C) 36.4 ± 0.31 36.4 ± 0.29 0.218

Incidence of shivering 15 (22.1%) 17 (25.0%) 0.840

Severity of shivering 53/4/11/0 51/6/11/0 0.803
(None/mild/moderate/severe)

Incidence of bradycardia
(< 60bpm), n/N (%) 23/68 (33.8%) 5/68 (7.4%) <0.001
Incidence of hypotension, n/N (%) 9/68 (13.2%) 10/68 (14.7%) 0.805

Reactive hypertension, n/N (%) 8/68 (11.8%) 6/68 (8.8%) 0.572
Incidence of hypothermia (< 36°C) 4 (5.9%) 6 (8.8%) 0.744

Thermal comfort score (0–100) 50 (40–50) 48 (40–50) 0.369

Notes: Bold text indicates a statistically significant difference (p < 0.001). Continuous variables with 
normal distribution were compared using Student’s t-test (presented as mean ± SD); non-normally 
distributed continuous variables were compared using the Mann–Whitney U-test (presented as median 
[IQR]). Categorical variables were compared using the chi-square test (presented as n [%]).

Figure 2 Preoperative and postoperative maternal core body temperatures were totalled for each group. Box plots median and interquartile ranges of 25% and 75%. 
Raincloud plots show the distribution of maternal core body temperature. 
Abbreviations: Pre-PE, preoperative temperature in the PE group; Pre-NE, preoperative temperature in the NE group; Post-PE, postoperative temperature in the PE 
group; Post-NE, postoperative temperature in the NE group.
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PE is a commonly used vasopressor for spinal or combined spinal-epidural anaesthesia during cesarean section. NE 
has been shown to be equally effective as PE for circulatory stabilization,15,22 neonatal outcome,17 while avoiding the 
PE-associated reflex bradycardia.23 However, prophylactic PE infusion has also been demonstrated to significantly 
reduce shivering and hypothermia in this setting.8,9 The effect of NE on maternal core temperature remained unclear, 
potentially limiting its adoption as a full PE alternative. Our findings directly address this gap by demonstrating that 
prophylactic NE infusion is non-inferior to PE in maintaining maternal core temperature at the end of surgery. This 
evidence supports clinicians’ confidence in choosing NE, particularly when aiming to maintain stable hemodynamics 
without compromising maternal thermal regulation.

The margin of inferiority represents the greatest degree of reduction in effectiveness that an individual is willing to 
accept while still considering the treatment to be equal. There are many methods to determine the non-inferiority 
margin.24 Margins should be established in a manner that ensures their suitability for clinical practice, while also being 
set at a level that is sufficiently elevated to guarantee their efficacy in comparison to a placebo.25 Studies of clinical 
practice consider the clinical significance of observed outcomes. In studies comparing core temperatures, a mean 
difference ≥ 0.2°C is generally considered clinically significant.1,8,26,27 Therefore, to claim non-inferiority, we aimed 
to confine any potential temperature difference to within this margin. Considering the precision (± 0.1°C) of our 
monitoring equipment, a margin of 0.2°C was deemed appropriate. This margin also approximates half of the standard 
deviation observed in our pilot data, aligning with empirical recommendations for continuous outcomes while ensuring 
a clinically relevant threshold.24 Although conservative, this margin strengthens the robustness of our non-inferiority 
conclusion.

The incidence of hypothermia and shivering following cesarean section under spinal anaesthesia is high, with 
prevalence rates of 82.7% and 53.3%, respectively.8 In contrast, the incidence of hypothermia in our study was 5.9% 
in the PE group and 8.8% in the NE group, substantially lower than the previously reported rate. This discrepancy may be 
attributed to differences in temperature measurement sites (rectal vs. nasopharyngeal) and perioperative warming 
protocols. To prevent hypothermia, various techniques are employed, including forced-air heating, intravenous fluid 
warming, and elevation of the operating theatre temperature.28 However, even when fluid and active air warming are used 
during cesarean section, the average body temperature at the end of the procedure does not exceed 36°C.29 This can be 
attributed to the brief duration of the surgical procedure, the limited efficacy of active warming techniques, and 
considerable heat loss. Consequently, the minimization of perioperative heat loss represents a crucial aspect of 
thermoprotection.

Figure 3 Differences in core body temperature between the two groups. The CI for the difference in core temperature between the two groups did not cross the non- 
inferiority margin (- 0.2°C), suggesting that NE is non-inferior to PE. Mean and 95% CI.
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PE and NE both act as alpha-adrenergic receptor agonists, which reduce vasodilation and may improve the 
accelerated heat loss due to blood redistribution from the center to the periphery following spinal anaesthesia, which 
is the theoretical basis for their ability to improve maternal hypothermia. It is also important to note that vasoconstrictors 
have the potential to induce non-shivering thermogenesis in skeletal muscle.30 The relative potency ratio of NE and PE is 
approximately 13:131,32 and pumping equivalent doses of NE and PE did not differ in blood pressure, although there was 
a difference in the effect on heart rate.15 In this study, the fixed-rate infusion of PE and NE was utilised instead of 
a weight-based dosing regimen. Hasanin et al and Kinsella et al concluded that the fixed-rate infusion of PE to prevent 
maternal hypotension reduced the necessity for physician interventions and unnecessary calculations during cesarean 
section14,33 and facilitated both simplification of the infusion protocol and blinding. In a recent study, the ED 90 of PE 
and NE for effective control of spinal anaesthesia-induced hypotension during cesarean delivery was calculated to be 
0.6 μg/kg/min and 0.05 μg/kg/min, respectively.34 The infusion doses set for PE and NE in this study were also 
analogous to the doses set in the above study at an average maternal weight of 70 kg.

It is noteworthy that the incidence of maternal shivering was similar in the present study compared to previous 
findings,8 whereas the incidence of hypothermia was significantly lower. The discrepancy may be attributed to the 
monitoring of maternal rectal temperature as the core body temperature in this trial, as opposed to the measurement of 
nasopharyngeal temperature. The principal benefit of this approach was that it minimizes the stimulation of the awake 
patient, thereby enhancing comfort, and circumvents alterations and inaccuracies in values resulting from air movement 
caused by maternal respiration. Additionally, rectal temperatures are inherently higher and more stable than nasophar
yngeal temperatures. Consequently, the time required for a temperature to decline to meet the criteria for hypothermia 
will be longer.

At the same time, factors such as the duration of the operation and the volume of fluids given also affect the 
maternal core temperature at the end of the operation. In our study, these factors were balanced between groups, 
minimizing their potential confounding effect. It must be acknowledged that this study has several limitations. 
Active warming devices (eg, forced-air warmers, intravenous fluid warmers) were not used in this study due to 
equipment and procedural constraints. If such devices had been applied, they might have raised maternal core 
temperature in both groups and potentially diminished the absolute temperature difference between NE and PE. 
Nevertheless, given that NE was non-inferior to PE without active warming, it is reasonable to hypothesize that non- 
inferiority would be maintained—or even strengthened—under active warming conditions, as both groups would 
benefit from additional heat preservation. Future studies incorporating active warming are encouraged to validate the 
external validity of our results. In addition, anxiety may affect maternal shivering,35 and we tried to reassure women 
as much as possible to reduce their anxiety. Fortunately, the use of a randomized controlled trial in this study may 
have reduced the impact of reduced anxiety on the study outcome, as evidenced by the similar incidence of shivering 
in the two groups.

Conclusion
In summary, this study demonstrates that prophylactic NE infusion is non-inferior to PE for preserving maternal core 
temperature during spinal or combined spinal-epidural anaesthesia for cesarean delivery. Combined with its more 
favourable heart rate profile, these findings support NE as a viable and potentially advantageous vasopressor for use in 
this context. Future studies incorporating active warming measures (eg, forced-air warmers or intravenous fluid warmers) 
are warranted to determine whether the non-inferiority of NE to PE remains consistent under standard thermoprotective 
conditions.

Abbreviations
BP, blood pressure; ASA, American Society of Anesthesiologists physical status; MAP, mean arterial pressure; HR, heart 
rate; SA, spinal anaesthesia; NE, Norepinephrine; PE, phenylephrine.
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