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ABSTRACT
Background: Currently, cesarean section is performed under spinal anesthesia. Hypotension is the most 

common complication of spinal anesthesia. This study aimed to compare the effect of intravenous bolus 
norepinephrine and ephedrine on prevention of post spinal hypotension in cesarean section.

Methods: The present study was a double-blind clinical trial, in which 50 pregnant women aged 18-46 years, 
with ASA class I and II, were selected for cesarean section under spinal anesthesia and randomly assigned to 
two groups, one receiving norepinephrine (group A) and the other one ephedrine (group B). Immediately 
after spinal anesthesia, patients in group A received 5 μg of intravenous norepinephrine and those in group 
B 10 mg of intravenous ephedrine. The incidence of hypotension, bradycardia, mean systolic and diastolic 
blood pressure, and mean heart rate were recorded in a checklist. Patients with hypotension and bradycardia 
received 10 mg of ephedrine and 0.5 mg of atropine, respectively, and finally the amount of ephedrine and 
atropine was also recorded. Data were analyzed in SPSS, version 21 at a confidence level of 95%.

Results: Hypotension had a frequency of 24% and 40% (P = 0.364) and the dose of ephedrine used to treat 
that condition was 15.0±8.37 and 18.18±7.51 mg (P = 0.434) in the norepinephrine and ephedrine groups, 
respectively. The mean heart rate was significantly lower in the norepinephrine group than the ephedrine one 
(P <0.001).

Conclusions: Both norepinephrine and ephedrine were effective in preventing hypotension during cesarean 
section under spinal anesthesia, but tachycardia was less common with norepinephrine.

Trial registration: The present study was registered on 17 May 2019 in the Iranian Clinical Trial Center 
(https://www.irct.ir) Identifier: IRCT20120915010841N17.
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ABBREVIATIONS
ASA: American Society of Anesthesiologists
Hypotension: Systolic blood pressure  
less than 90 mm Hg
Bradycardia: A heart rate less than  
60 beats per minute

INTRODUCTION

Currently, cesarean section is per-
formed under spinal anesthesia (1). 
Although spinal anesthesia has seve-
ral advantages, it may cause some 
complications, including hypoten-

sion, bradycardia, high spinal, headache, neuro-
logical complications, etc (2). Hypotension (33%) 
is the most common complication of spinal anes-
thesia (3). Cesarean section requires a T4-T6 sen-
sory block level; due to the high extensive sym-
pathectomy (at the level of T1-T4), the reported 
incidence of hypotension in cesarean section 
can reach 80% of cases (4, 5).

Hypotension can cause problems for both the 
mother and fetus, including nausea and vomiting, 
dizziness, restlessness and dissatisfaction in the 
mother, and distress and acidosis in the fetus 
(6, 7). Prevention of maternal hypotension is an 
important factor in reducing maternal and fetal 
morbidity. Currently, several methods are avai-
lable to prevent hypotension, including shifting 
the pregnant uterus to the left to avoid uterine 
pressure on the aortocaval, administration of crys-
talloids, vasopressors and reducing the dose and 
speed of local anesthetics (8-11). However, de-
spite performing the above-mentioned methods, 
hypotension occurs during cesarean section (12). 
Ephedrine and phenylephrine are two vasopres-
sors used to prevent or treat post spinal hypoten-
sion during cesarean section (13, 14). Phenyle-
phrine has been associated with bradycardia and 
decreased cardiac output (13, 14). Ephedrine is a 
direct agonist of α and β adrenergic receptors and 
indirectly stimulates the release of norepine- 
phrine from adrenergic terminals (13, 15). Ephe-
drine also increases myocardial oxygen consump-
tion (15). A few studies have evaluated the effect 
of norepinephrine on prevention of hypotension 
in cesarean section that showed different results 
(16, 17). The present study aimed to compare the 
effect of intravenous bolus norepinephrine and 

ephedrine on prevention of post spinal hypoten-
sion in cesarean section.

METHODS

Study design
The present study was a randomized 

double-blind clinical trial conducted in Fatemieh 
Medical Center in Hamadan, Iran, between 2019 
and 2020. The study population consisted of preg-
nant women aged 18-46 years, with ASA I and II, 
who were candidates for cesarean section. Data 
collection tools included a questionnaire to record 
patients' demographics and a checklist to record 
the consequences of cesarean section following 
the administration of norepinephrine and ephe-
drine intravenous bolus after spinal anesthesia.

Setting and participants 
In the present study, pregnant women aged 
18-46 years, with ASA I and II, who were candi-
dates for cesarean section in Fatemieh Medical 
Center and met the inclusion criteria of the study, 
were consecutively selected using convenience 
sampling method after calculating the sample size 
of 50 (25 individuals per study group) based on the 
formula for comparing ratios in the two groups 
u sing G-power3.1 soft– ware and the relevant refe-
rence (18), and concerning the type one error, 5%, 
power of 80%, and effect size of 0.4. The following 
inclusion criteria were used: pregnant women can-
didates for cesarean section under spinal anesthe-
sia, complete satisfaction to participate in the pro-
 ject, patients’ age range 18-46 years, term preg nancy, 
absence of pulmonary and cardiac di seases, hyper-
tension, diabetes, cardiac arrhythmias, and Heart 
failure. Exclusion criteria included failure of spinal 
anesthesia, emergency cesarean section, eclampsia 
and preeclampsia, multiple pregnancies, contrain-
dications for spinal anesthesia (high ICP, hypovole-
mia, coagulation disorders, etc) and history of  al-
lergy to any of the study drugs.

Data collection
This double-blind clinical trial was performed af-
ter approval from the ethics committee of Hama-
dan University of Medical Sciences, Iran. In the 
present study, pregnant women aged 18-46 years, 
who were candidates for cesarean section under 
spinal anesthesia and met the inclusion criteria, 
were selected after providing oral explanations 
and obtaining written consent from them. Partici-
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pants were then randomly allocated to two groups 
treated with 5 μg of norepinephrine (group A) and 
10 mg of ephedrine (group B). Randomization 
was performed using the block randomization 
method. To make the study medications indistin-
guishable to both patients and researchers, the 
drugs were prepared by the anesthesia nurse in 
syringes of the same size and shape with A and B 
labels, so that the anesthesiologist would not re-
cognize them. After entering the operating room, 
all patients had an 18-gauge IV catheter placed 
and received 10 mL/kg of Ringer serum. Then the 
basal systolic, diastolic, mean arterial blood pres-
sure, heart rate, and oxygen saturation of the pa-
tients were measured using X162 monitor (Saadat 
Co., Iran) and recorded. Patients were first placed 
in a sitting position and underwent spinal anes-
thesia by a 25 G Quincke needle and injection of 
10 mg of 0.5% bupivacaine and 2.5 μg of sufen-
tanil into the subarachnoid space; then, they were 
placed in the supine position. Immediately after 
spinal anesthesia, patients in group A received 
5 μg of intravenous norepinephrine (0.1%, 
1 mg/mL, Pars Daru Co.) and those in group B 
10 mg of intravenous ephedrine (ephedrine hy-
drochloride, 50 mg/mL, Rayan Daru Co., Iran) in 
similar syringes which had been prepared by an 
anesthesia nurse according to a pre-specified list. 
Afterwards, systolic, diastolic, and mean arterial 
blood pressure as well as heart rate were mea-
sured and recorded every two minutes up to 
10 mi nutes, and then every five minutes up to 
15 minutes, and then every 10 minutes until the 
end of surgery. In case of hypotension (systolic 
blood pressure less than 90 mm Hg and bradycar-
dia (heart rate less than 60 beats per minute), 
10 mg of ephedrine and 0.5 mg of intravenous 
atropine were prescribed, respectively; finally, the 
amount of ephedrine and atropine, incidence of 
bradycardia, and hypotension, nausea and vomi-
ting, Apgar score at one minute and five minutes 
after birth, the presence of headache, palpitation, 
and post spinal shivering were also checked and 
recorded.

Statistical analysis
Data analysis was performed using SPSS software 
version 21. For descriptive statistics, tables, dia-
grams, frequency percentage, mean and standard 
deviation were used to describe and report all 
variables. An independent t-test was used to com-
pare the mean of systolic and diastolic blood pres-

sures, MAP, HR, and SpO2 in both groups. Re-
peated measures analysis of variance was used to 
compare between different times of measure-
ment. Moreover, ANOVA was used to compare 
the repeated observations and Chi-square test 
and Fisher's exact test for the nominal qualitative 
variables between the two groups. P value of less 
than 0.05 was considered statistically significant.

RESULTS

A total of 50 parturient women were enrolled 
in the present study and randomly assigned 

to two equal groups (25 patients per group), of 
which one received intravenous (IV) bolus nor-
epinephrine and the other one IV bolus ephe-
drine (Figure 1).

The mean age of patients in the norepine-
phrine and ephedrine groups was 31.88±6.73 
and 31.16±6.67 years, respectively (P = 0.706). 

As shown in Table 1, there was no statistically 
significant difference in either the mean systolic 
and diastolic blood pressure at baseline and up to 
60 minutes after spinal anesthesia between the 
two groups with norepinephrine and ephedrine 
(P = 0.229 & 0.644), or mean arterial pressure 
(MAP) at baseline and up to 60 minutes after spi-
nal anesthesia between the two groups (P = 0.352).

According to Table 2, there was no statistically 
significant difference in mean pre-spinal heart 
rate between the two study groups. After spinal 
anesthesia, however, the mean heart rate was sig-
nificantly lower in the norepinephrine group for 
up to 60 minutes compared to that in the ephe-
drine group (P <0.001). Also, the mean SPO2 at 
minutes 25 and 30 after spinal anesthesia was sig-
nificantly lower in the norepinephrine group than 
the ephedrine one (P <0.05), but in general, 
there was no significant difference between the 
two groups in terms of SPO2. According to the re-
sults of repeated measures ANOVA, there was no 
statistically significant difference in mean SPO2 
before spinal anesthesia and up to 60 minutes af-
ter the procedure between women who had re-
ceived norepinephrine and ephedrine (P = 0.211).

As shown in Table 3, there was no statistically 
significant difference in frequency of hypoten-
sion, bradycardia, post-spinal shivering, nausea, 
vomiting, headache, and palpitation between the 
two groups.

According to Table 4, there was no statistically 
significant difference in newborns’ one- and five-
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TABLE 1. Comparison of systolic, diastolic and mean arterial pressure (MAP) in the norepinephrine (NE) and ephedrine (Eph) 
groups by assessment time

FIGURE 1. Flowchart of 
the trial (Consort chart)

TABLE 2.  
Comparison of 
mean heart rate and  
SPO2  in the 
norepinephrine 
(NE) and ephedrine 
(Eph) groups by 
assessment time
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minute Apgar score between the groups with nor-
epinephrine and ephedrine. In total, one case in 
the norepinephrine group required atropine ad-
ministration, while six patients in the norepine-
phrine group and 11 patients in the ephedrine 
group needed ephedrine supplementation to 
treat hypotension (P = 0.433).

DISCUSSION

In the present study, the mean heart rate up to 
60 minutes after spinal anesthesia was signifi-

cantly lower in the norepinephrine group than 
the ephedrine one. However, the two groups 
were not significantly different in terms of fre-
quency of hypotension, bradycardia, mean sys-
tolic and diastolic blood pressure, mean arterial 
pressure, SPO2, neonatal one- and five-minute 
Apgar score, nausea, vomiting, shivering, head-
ache, and palpitation. Moreover, there was no 
statistically significant difference in ephedrine 
dose between the two groups receiving norepi-
nephrine and ephedrine.

In a clinical trial conducted by Huang et al (16) 
to compare the effect of norepinephrine (n = 45) 
and ephedrine (n = 40) on the prevention of hy-
potension in women undergoing cesarean section 
under spinal anesthesia, the authors found no sta-
tistically significant difference between the ephe-
drine and norepinephrine groups in terms of heart 
rate, systolic and diastolic blood pressure, SPO2, 
and one- and five-minute Apgar score (16). In line 
with their results, our findings showed no statisti-
cally significant difference in maternal blood pres-
sure changes and neonatal one- and five-minute 
Apgar score. However, the heart rate of women in 
the norepinephrine group was significantly lower 
than that of patients in the ephedrine group. In a 
double-blind clinical trial conducted by Xu et al 
(17) on the prophylactic effect of norepinephrine 
(4 μg/min) and ephedrine on the prevention of 
hypotension in women undergoing elective cesa-
rean section under spinal anesthesia, a total of 97 
patients were compared in the two groups of nor-
epinephrine (n = 48) and ephedrine (n = 49). 
Their results showed that the frequency of tachy-
cardia, mean heart rate, and systolic blood pres-
sure in the norepinephrine group was significantly 
lower than the ephedrine one. However, there 
was no significant difference in other maternal 
and neonatal variables (Apgar score) between the 
two groups (17). The sample size of our study was 
smaller than that of Xu et al In the present study, a 
bolus dose of 5 μg norepinephrine was adminis-
tered, while Xu et al used a dose of 4 μg/min. The 
results of our study for heart rate were consistent 
with those reported by Xu et al; however, there 
was no significant difference in systolic blood 
pressure between the two groups.

Wang et al (19) explored the effect of norepi-
nephrine and ephedrine boluses among 166 eli-
gible women undergoing cesarean section under 
spinal anesthesia, who were assigned to three 
groups, with each receiving norepinephrine 4 μg 
(n = 56), phenylephrine 50 μg (n = 55) and 
ephedrine 4 mg (n = 55), respectively (19). Ac-
cording to their results, the heart rate of subjects 
in the norepinephrine group was generally higher 
than that of subjects in the phenylephrine group 
but lower than that the ephedrine group. Women 
in the norepinephrine group also experienced 
lower tachycardia than those in the phenyl ephrine 
group. There was no significant difference in neo-
natal one- and five-minute Apgar score between 
the three groups (19). Although the sample size of 
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TABLE 3. Frequency distribution of hypotension, 
bradycardia and other complications in the 
norepinephrine (NE) and ephedrine (Eph) groups

TABLE 4. Comparison of mean Apgar score and dosage of 
ephedrine in the norepinephrine (NE) and ephedrine (Eph) 
groups
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the present study was smaller and phenylephrine 
was not included, the results of the two studies 
are consistent. In a study by Elnabity et al (20), 
140 patients with ASA 1 and 2 considered for ce-
sarean section were divided into two groups re-
ceiving 10 μg of bolus norepinephrine and 10 mg 
of intravenous bolus ephedrine during the spinal 
block; the authors found that the incidence of hy-
potension, hypertension, bradycardia and tachy-
cardia in the norepinephrine group was lower 
than the ephedrine group, but neonatal one- and 
five-minute Apgar score was similar in the two 
groups (20). In the present study, no significant 
difference in the incidence of hypotension and 
bradycardia was observed between the two groups 
with norepinephrine 5 μg and ephedrine 10 mg, 
which was in contrast with the results reported by 
Elnabity et al. This discrepancy between results 
may be due to the different sample sizes and nor-
epinephrine doses used in the studies.

Sofiene et al (21) performed a study on 
120 preg nant women aged 18-45 years, with ASA 
1 and 2, who were candidates for cesarean sec-
tion under spinal anesthesia. Participants were as-
signed to two groups: one receiving ephedrine 
infusion at a dose of 10 μg/kg/min and the other 
one receiving norepinephrine infusion at 
0.1 μg/kg/min to maintain systolic blood pressure 
in the range of 120-180% of baseline. The results 
showed that norepinephrine was able to maintain 
patients’ hemodynamics during cesarean section 
under spinal anesthesia with fewer side effects 
compared to ephedrine (21). In the current study, 
however, there was no statistically significant dif-
ference in post spinal shivering, nausea and vomi-
ting, headache and palpitation between women 
receiving norepinephrine and ephedrine, and 
those in the norepinephrine group experienced 
lower heart rates than those in the ephedrine 
group. Shafei et al investigated 100 patients aged 
40-60 years, with coronary artery disease and 
ASA 2 and 3, who were arthroscopic candidates, 
and found that the group who received 10 mg of 
intravenous bolus ephedrine experienced a higher 
frequency of tachycardia than the group with 5 μg 
of norepinephrine, but there were no significant 
differences in incidence of hypotension, hyper-
tension, and bradycardia between the two groups 
(22). Despite the difference in the type of surgery 
and sample size between the two studies, our 
findings are consistent with those of Shafei et al’s 
study. Kee et al (23) compared the effect of 5 μg 

norepinephrine versus 100 μg of phenylephrine 
on women undergoing cesarean section under 
spinal anesthesia (23), Dong et al (24) compared 
the effect of 10 μg norepinephrine versus 50 μg 
phenylephrine in women undergoing cesarean 
section under spinal anesthesia (24), Chen et al 
(18) comparing the effect of norepinephrine at 
5, 10 and 15 μg/kg/h with that of normal saline, 
and the results showed that the infusion of 5-10 μg 
norepinephrine was effective in reducing the inci-
dence of hypotension without significant side ef-
fects in mothers and infants (18). The results fur-
ther showed that norepinephrine was as effective 
as phenylephrine in preventing hypotension, 
while causing no harmful effects on heart rate and 
maintaining cardiac output at a higher level com-
pared to phenylephrine (24). And finally, norepi-
nephrine was much more effective in maintaining 
blood pressure and was associated with an in-
creased cardiac output and heart rate compared 
with phenylephrine, but does not affect the neo-
natal outcome (23).

Limitations of the study
The main limitation of the present study is the 
small sample size. So, further high quality research 
with a larger sample size is needed to strengthen 
the evidence base.

CONCLUSION

Both norepinephrine and ephedrine were ef-
fective in preventing hypotension during ce-

sarean section under spinal anesthesia, but  heart 
rate was lower in the norepinephrine group than 
the ephedrine group. q 
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