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Abstract

Background: Spinal anesthesia is the preferred anesthetic method for elective cesarean sections (C.S.) due to
considerable risks regarding airway management associated with physiological changes of pregnancy. Hypotension
is reported to occur in up to 80% of spinal anesthesia cases. Many approaches have been tried to prevent spinal
hypotension, e.g., fluid loading, vasopressors, or both. The aim of this prospective, randomized, double blind study
is to compare the administration of intermittent i.v. boluses of norepinephrine and ephedrine to guard against the
hypotensive effect of spinal anesthesia during cesarean delivery.

Methods: In the present study, 120 pregnant female undergoing elective CS were randomly divided into “group E”
for ephedrine and “group N” for norepinephrine, 60 female in each group. Standard spinal anesthetic technique
using 25 spinal needle under complete aseptic technique with injection of 1.8–2.2 ml of heavy bupivacaine 0.5%
plus 25 μg of fentanyl according to female height. Group E will receive 10 mg of i.v. diluted ephedrine as
hypotension prophylaxis, and group N will receive 16 μg as hypotension prophylaxis at the time of intrathecal
block. Measurements of intraoperative episodes of hypotension and their treatment with the same dose of the
studied drug in each group, incidence of intraoperative nausea and vomiting, and APGAR score of baby at 1 and 5
min will be recorded.

Results: Compared with ephedrine, norepinephrine maintained maternal blood pressure. Further, it was associated
with lower numbers of hypotension episodes, but more frequency of bradycardia during cesarean delivery.

Conclusion: Norepinephrine can be used as an alternative vasopressor to maintain maternal blood pressure during
spinal anesthesia for cesarean delivery, with no adverse effect on neonatal outcome.
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Background
Spinal anesthesia is the preferred anesthetic method for
elective cesarean section in obstetric anesthesia practice.
Cesarean sections (C.S.) normally require an anesthetic
block at T4 level, so hypotension is reported in up to 80%
of spinal anesthesia cases (Rollins and Lucero 2012).
Many approaches have been tried to prevent spinal

hypotension, e.g., fluid loading, vasopressors, or both.

Intravenous fluid protocols have been investigated in many
trials to prevent spinal hypotension, with unsatisfactory re-
sults (Butwick et al. 2015). In order to solve this problem,
investigators have turned their attention to vasopressor pro-
tocols to prevent spinal hypotension (Hasanin et al. 2019).
Conventionally, ephedrine was regarded as the first

choice drug to maintain maternal blood pressure. Its
sympathomimetic stimulant activity on α- and β-
adrenergic receptors causes positive inotropic and
chronotropic effects, but repeated administration dimin-
ishes its vasoconstrictive effect due to tachyphylaxis
(Ngan Kee 2017).
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Norepinephrine is a weak β-adrenergic and potent α-
adrenergic receptor agonist. Therefore, it may be a more
suitable option for maintaining maternal blood pressure
with less negative effects on heart rate (HR) and cardiac
output (Heesen et al. 2015).
This study aims to compare norepinephrine versus

ephedrine in controlling hypotension in C.S. under
spinal anesthesia. Primary outcome is prevention of
hypotension induced by spinal anesthesia and number of
incremental doses used of norepinephrine or ephedrine.
Secondary outcome is adverse effects and effects on fetal
outcome.

Methods
This prospective, randomized, double blind study was
conducted after obtaining an approval from the research
ethics committee. Written informed consent was taken
from all the study participants. Clinical registration
number is PACTR202003466791077. The study was car-
ried out on 120 female patients within age range from
21 to 35 years and physical status ASA II undergoing
elective C.S. The study adheres to the CONSORT guide-
lines and fulfills their required criteria.
Females with a known history of allergy to any of the

study drugs, bleeding disorders, preeclampsia, and fe-
males with vertebral anomalies or any neurological defi-
cits were excluded from the study. Patients were
randomized into the two study groups, using computer-
generated lists and sealed opaque envelopes.

Sample size
Sample size was calculated using Open Epi program ver-
sion 13 and according to data from previous study done
by Elnabtity and Selim (2018), according to the number
of hypotensive episodes in the two studied groups as-
suming the power of the test to 95%, margin of error ac-
cepted to 5%, the power of test to 90%, and ratio
between two groups to 1:1; 42 patients per group (total
84 patients) was the minimum sample size required to
demonstrate a statistically significant difference between
two groups as regards hypotensive episodes and consid-
ering the anticipated dropout rate, and 120 patients (60
patients in each group) were included in the study.

Study tools
Short beveled spinal needles of 25 G, ephedrine sulfate
ampoules (25 mg in 1 ml; product of ‘Misr Company for
Pharmaceuticals’), to be diluted in 5ml normal saline (5
mg/ ml), Levophrine® ampules (norepinephrine, 4 mg in
4 ml, product of ‘Egy-Pharma Company’), to be diluted
in 500 ml normal saline (8 μg/ ml).

Study procedures
Pre-operative settings
One hundred and twenty patients scheduled for elective
CS were assessed preoperatively including medical his-
tory, physical examination, and laboratory investigations.
Patients were randomly divided into two groups (n = 60
each):

Group N. Norepinephrine (n = 60) received a
prophylactic bolus of norepinephrine 16 μg (2 ml)
intravenous (i.v.) at the time of intrathecal block.
Group E. Ephedrine (n = 60) received a prophylactic
bolus of i.v. ephedrine 10 mg (2 ml) at the time of
intrathecal block.

Intraoperative setting
On arrival to the operating room, standard monitoring
was applied to all patients (ECG, non-invasive blood
pressure and pulse oximetry) and a wide pore 18-G i.v.
cannula was inserted into dorsum of the hand to infuse
500 ml Ringer’s solution as a preload to all patients be-
fore starting spinal anesthesia procedure. Spinal
anesthesia was performed under complete aseptic condi-
tions using 25-G spinal needle.

1. Maternal hemodynamic monitoring. Mean blood
pressure (MBP) and heart rate (HR) every 2 min
after spinal injection until delivery of the baby and
then every 5 min till the end of the study period
were recorded. The incidence of hypotension
(reduction in systolic blood pressure [SBP] > 20%
from baseline) was recorded. Hypotension episodes
were treated with boluses (2ml volume) of the study
drugs; 10mg ephedrine or 16 μg norepinephrine
according to the study group given by an
anesthesiologist who was blinded to the study.
Bradycardia (defined as HR < 60 bpm) was recorded
and treated with atropine 0.5mg bolus, up to 3mg i.v.

2. Vasopressors and atropine boluses. The number
(and total dose) of the boluses of vasopressors and/
or atropine used was recorded and were considered
the primary outcome of the study group.

3. Fetal hemodynamic monitoring. Uterine artery
pulsatility index (UtA-PI) and umbilical artery
pulsatility index (UA-PI) were measured before
spinal anesthesia (baseline) and 5 min after spinal
anesthesia.

4. Apgar score after delivery. Apgar score at 1 and 5
min were recorded after delivery by the attending
pediatric physician.

5. Incidence of nausea and vomiting. Incidence of
nausea and vomiting were recorded and managed
accordingly by ondansetron 4 mg i.v. given after
delivery of the baby.
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Statistical analysis
All collected data were analyzed and compared between
both groups to identify any significant differences using
Statistical Package for Social Sciences (IBM SPSS 20 for
windows). The quantitative data were presented as
means and standard deviations; the comparison between
two groups regarding quantitative data with parametric
distribution were done by using independent t test while
the comparison between the two groups regarding non-
parametric distribution were done by using Mann-
Whitney test. The confidence interval was set to 95%
and the margin of error accepted was set to 5%. So, the
p value was considered significant at the level of < 0.05.

Results
Patient’s characteristics
There were no statistically significant differences be-
tween groups as Table 1 shows.

Hemodynamic variables
There was statistically significant higher MBP accompany-
ing the use of norepinephrine while there was statistically
significant higher HR with the use of ephedrine starting
after 4min and persisted for 35min (Figs. 1 and 2).

Number of boluses of vasopressors
Patients in the ephedrine group needed more frequent
boluses than those in norepinephrine group (Table 2).

Number of boluses of atropine needed
Patients in the norepinephrine group required more fre-
quent atropine boluses than those in the ephedrine
group to maintain HR above bradycardia preset level
(Table 2).

Intraoperative maternal complications
While there was no statistically significant increase in
the incidence of nausea among patients in the ephedrine
group, there was no statistically significant increase in
the incidence of vomiting in the norepinephrine group
patients.

Fetal Apgar score
There were no statistically significant difference between
the norepinephrine group and ephedrine group as
regards fetal Apgar score variation (Table 3).

Fetal hemodynamic monitoring
While the umbilical artery Doppler pulsatility (UA-PI)
indices showed non-significant changes in both studied
groups when compared before and 5min after spinal
anesthesia, the uterine pulsatility indices showed signifi-
cantly lower values in group N compared to group E (p
< 0.001) when measured 5 min after spinal anesthesia.
Furthermore, on comparing the average values of UtA-
PI 5 min after anesthesia with the baseline readings in
the same group, there was no significant difference in
group N with p = 0.215, while in group E it significantly
increased with p = 0.001 (Table 4).

Discussion
The results of the study showed that when compared
with ephedrine, norepinephrine maintained maternal
blood pressure with lower number of hypotension and
hypertension episodes and frequency of tachycardia dur-
ing cesarean delivery. Furthermore, the number of bo-
luses of vasopressors used was lower in norepinephrine
compared with the ephedrine.
Vallejo and his colleagues randomized 85 parturient

who had cesarean section under spinal anesthesia to re-
ceive either phenylephrine 0.1 μg/kg/min or norepineph-
rine 0.05 μg/kg/min using a fixed rate infusion. They
found that norepinephrine fixed rate infusion was more
effective for preventing maternal hypotension (Vallejo
et al. 2017). These results support the concept that was
obtained in the present study although in the current
study administration of the vasopressors using intermit-
tent i.v. boluses not by a fixed rate infusion.
Onwochei et al. studied the effect of different intermit-

tent i.v. boluses of norepinephrine to prevent maternal
hypotension during spinal anesthesia for cesarean sec-
tion. The results obtained were feasible as they found
that effective dose of 5.8 μg by intermittent i.v. boluses
was successful to maintain systolic blood pressure at or
above 80% of baseline during CS under spinal anesthesia
from induction of anesthesia till delivery of fetus, and
were not associated with significant maternal or fetal ad-
verse effects (Onwochei et al. 2017). These results are
coinciding with the results of the present study.
Amira, in 2019, compared the use of i.v. boluses of

norepinephrine (5 μg/ml) or ephedrine (5 mg/ml) for
treatment of hypotension after spinal anesthesia. This
study had been conducted in patients having spinal
anesthesia for lower limb orthopedic surgery. The results
revealed that the number of boluses of norepinephrine
group were lower than ephedrine group but not statisti-
cally significant (Amira 2019), which is different from re-
sults of the present study that norepinephrine group had
statistically significant lower number of boluses than
ephedrine group; this difference may be attributed to the
difference in the studied groups.

Table 1 Patient’s characteristics

Group N (n = 60) Group E (n = 60) P value

Age (years) 27.89 ± 5.30 28.71 ± 5.46 0.227

Height (cm) 164.76 ± 8.25 167.30 ± 7.89 0.087

Weight (kg) 92.03 ± 11.04 94.79 ± 11.37 0.595

Group N norepinephrine, Group E ephedrine
Independent sample t test; p value > 0.05 NS
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Fig. 1 Comparison between norepinephrine group and ephedrine group according to mean arterial blood pressure

Fig. 2 Comparison between norepinephrine group and ephedrine group according to heart rate
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El Shafei et al. compared norepinephrine with ephe-
drine to prevent spinal anesthesia induced hypotension
in coronary artery disease patients undergoing knee
arthroscopy. One hundred patients were randomly allo-
cated to two equal groups to receive either 5 mg of
ephedrine or 5 μg of norepinephrine when hypotension
occurs. They found that norepinephrine is more effective
compared with ephedrine in the maintenance of SBP
with reduction in HR, which is useful in coronary artery
disease patients (El Shafei et al. 2015). These results are
in agreement with the results obtained in the present
study. However, they found no difference between the
two groups regarding the incidence of hypotension,
hypertension, and bradycardia, and this is not coincident
with the results of the present study. These differences
in results may be attributed to different doses of the
studied drugs as they used 5 mg of ephedrine or 5 μg of
norepinephrine when hypotension occurred, while in the
present study used 10mg of ephedrine or 16 μg of
norepinephrine.
In 2018, Elnabtity and Selim compared norepinephrine

bolus 5 μg with ephedrine bolus 10 mg for prevention of
maternal hypotension during cesarean section under
spinal anesthesia. They demonstrated that norepineph-
rine bolus group was associated with lower fluctuation
of maternal blood pressure and heart rate, and less need
for rescue i.v. bolus (Elnabtity and Selim 2018). Their re-
sults are coinciding with the results of the present study
as regards stability of maternal pressure of norepineph-
rine group, in spite of different norepinephrine bolus
dose as they used 5 μg norepinephrine.
Xu and colleagues compared norepinephrine infusion

4 μg/min with ephedrine infusion 4 mg/min for preven-
tion of maternal hypotension during cesarean section
under spinal anesthesia. They demonstrated that nor-
epinephrine infusion was associated with fewer cases of
tachycardia, less fluctuation in heart rate, systolic blood
pressure and better fetal outcome as evident with higher

base excess, and lower lactate values when compared to
ephedrine infusion (Xu et al. 2019). As regards fetal out-
come, the results of the present study differ from Xu
and his colleagues as both norepinephrine and ephedrine
groups had similar fetal outcome.
In 2019, Wang et al. (2019) compared norepinephrine

bolus 4 μg with ephedrine infusion bolus 4 mg for pre-
vention of maternal hypotension during cesarean section
under spinal anesthesia but in preeclamptic. They dem-
onstrated that norepinephrine bolus was associated with
fewer episodes of bradycardia, tachycardia, with higher
base excess and lower lactate values. In the present
study, only bolus doses were satisfactory in both groups
but it may be attributed to different female group as pre-
eclamptic parturient were excluded from the study.
There was no significant difference between both

groups regarding fetal Apgar score, which may be due to
the greater cardiac output that improved uterine blood
flow in norepinephrine group although there were no
significant differences between both groups as regards
the fetal outcome.

Conclusion
Norepinephrine can be used as an alternative vasopres-
sor to maintain maternal blood pressure during spinal
anesthesia for cesarean section, with no adverse effect
on neonatal outcome.
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Table 2 Number of boluses of vasopressor and atropine used

Group N
(n = 60)

Group E
(n = 60)

P value

Number of boluses of vasopressors 2 (1- 3) 3 (2- 4) 0.005*

Number of boluses of atropine 4 (2-6) 3 (2-4) 0.007*

Group N norepinephrine, Group E ephedrine. Values are median (IQR)
z-Mann-Whitney test; *p value < 0.05 S

Table 3 Apgar score variation

Fetal Apgar score
variation

Group N
(n = 60)

Group E
(n = 60)

P value

At 1 min 7.53 ± 1.4 6.98 ± 2.1 0.094

At 5 min 8 ± 1.39 7.76 ± 2.08 0.459

Data are presented as mean ± SD; independent sample t test; p value
> 0.05 NS

Table 4 Fetal hemodynamic monitoring

Group N (n = 60) Group E (n = 60) P value

UtA-PI

Baseline 0.59 ± 0.13 0.56 ± 0.12 0.192

After 5 min 0.57 ± 0.09 0.76 ± 0.11 < 0.001*

UA-PI

Baseline 0.83 ± 0.08 0.78 ± 0.10 0.219

After 5 min 0.80 ± 0.09 0.76 ± 0.07 0.162

UtA-PI uterine artery pulsatility index, UA-PI umbilical artery pulsatility index.
Independent sample t test; p value > 0.05 NS; *p value < 0.05 S
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