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Abstract 

Background: Currently, phenylephrine is the first-choice vasopressor for prevention and treatment of post-
spinal hypotension in caesarean section. Phenylephrine is a potent α-adrenergic vasopressor with a dose-
dependent reflex bradycardia and could in theory cause a drop in cardiac output and lower uteroplacental 
blood flow. Hence, there is an increased interest in the use of norepinephrine because of its weak β-adrenergic 
activity which can counteract the reflex bradycardia.
Methods: Using PRISMA guidelines, we conducted a literature search and identified 35 trials related to 
the comparison of norepinephrine with phenylephrine for the prevention and/or treatment of post-spinal 
hypotension during caesarean section.
Results: In the present review thirty-five trials were reviewed which compared norepinephrine with 
phenylephrine for the prevention and/or treatment of post-spinal hypotension during caesarean section. The 
characteristics of all these trials were summarized in Table I.
The effect on maternal hemodynamics, maternal adverse events, and neonatal outcome were summarized in 
Tables II, III, IV and V.
Conclusion: We concluded that in the healthy parturient delivering an expected healthy fetus via elective 
caesarean section there is increasing evidence to support norepinephrine as an effective and safe vasopressor in 
comparison to phenylephrine. Questions about the fetal safety of norepinephrine have been raised and therefore 
in high-risk populations (compromised fetuses, unhealthy parturients) and during emergency caesarean section, 
there is a need for more research before we can recommend the routine use of norepinephrine.

Keywords: Post-spinal hypotension, norepinephrine, phenylephrine, caesarean section, spinal anesthesia.

Introduction

The preferred method of anesthesia for caesarean 
delivery is neuraxial anesthesia, either single-
shot spinal (SSS), combined spinal-epidural 
(CSE), or epidural catheter top-up1-3. However, 
these techniques produce maternal hypotension. 
If left untreated, the incidence of hypotension 
can be 60-90%4-7. If not treated properly, post-
spinal hypotension can lead to maternal and fetal 
adverse events. These can range from nausea and 
vomiting, dizziness, cardiovascular instability, and 
even cardiovascular collapse in the mother. For the 
fetus, the compromised uteroplacental perfusion 
caused by the post-spinal hypotension can cause 

fetal distress with acidemia and hypoxia. In severe 
cases this can even lead to postnatal neurological 
injury. Therefore, prevention and treatment of post-
spinal hypotension is of the utmost importance for 
the wellbeing of the mother and the fetus1-3. 

Although different strategies have been 
suggested to prevent and treat hypotension, current 
international consensus guidelines published in 
20181 support the use of vasopressors and more 
specifically phenylephrine as the preferred method 
of prevention and treatment of spinal induced 
hypotension in CS (caesarean section). Left lateral 
tilt and fluid co-loading are useful but are less 
effective than vasopressor therapy. The reason 
vasopressors are needed for the treatment of post-
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landmark trial of Ngan Kee et al18. In this trial they 
had shown that the concentration of norepinephrine 
and epinephrine in the umbilical cord blood of 
newborns in the norepinephrine group was lower 
compared to the phenylephrine group. 

We performed a narrative review of all studies 
comparing phenylephrine with norepinephrine 
for the prevention and management of post-spinal 
hypotension following spinal anesthesia. We also 
evaluated the effects on the fetus.

Methods

This literature review is in accordance with the 
PRISMA guidelines. For this literature review we 
conducted an article search using the following terms: 
norepinephrine AND phenylephrine AND caesarean 
section OR caesarean delivery AND spinal anesthesia 
OR neuraxial anesthesia AND hypotension. We 
planned to only include RCT in this review. Other 
reviews could be used to find additional sources but 
would not be included in this review. The search itself 
was conducted on several different search platforms: 
PubMed, Cochrane Library, and Wiley Online 
Library. The endpoint of this search was set to 31 
December 2023. The first step was to filter out all the 
duplicates. Next, the titles and abstracts were scanned 
for usefulness. The full text of eligible articles was 
then read to decide whether to include the article in 
our review. In addition to the online search, we also 
scanned the reference list of the eligible articles to 
widen our search. There were no language restrictions 
for the eligible articles. 

 
Results

Figure 1 reflects the PRISMA flow chart of included 
and excluded studies. The initial search revealed 
580 records. In the end, 35 relevant trials were 
identified after removing duplicates, screening 
abstracts, and full texts. The exclusion criteria 
can also be found in Figure 1. Table I (see page 
27) summarizes the relevant characteristics of the 
selected trials, including the number of participants 
in each group, the method of administration of the 
vasopressors (bolus versus infusion), and primary 
and secondary endpoints.

All thirty-five included trials studied the effect 
of norepinephrine compared to phenylephrine. All 
the included trials were RCTs published between 
2015 and 2023. No meta-analyses were included 
in this review. Twenty-five RCT focused on 
norepinephrine’s effect on maternal hemodynamics 
in healthy women with singleton pregnancies 
undergoing an elective caesarean section. Next, 
one article explored norepinephrine’s impact on 

spinal hypotension is the fact that the sympathetic 
block is the main cause of post-spinal hypotension. 
This sympathetic block causes vasodilatation in 
the arteries and arterioles of the affected region. 
Through a baroreflex the sympathetic arterial 
vascular tone in the unaffected regions is increased. 
The sympathetic block also causes a pooling of 
blood in the capacitance vessels of the venous 
reservoir.

If the sensory block is at or higher than T6, the 
hepatosplanchnic region is part of this venous 
reservoir and up to 20% of the circulating volume can 
pool in this reservoir. The best way to mobilize this 
blood volume and to counteract this vasodilatation 
is by using vasopressors8.

A few decades ago, the vasopressor of choice was 
ephedrine. It has α and β adrenergic agonistic activity, 
causing a rise in peripheral vascular resistance to 
counteract the drop in peripheral vascular resistance 
caused by the sympathetic block, and a positive 
cardiac chronotropic and inotropic effect. One of 
the drawbacks of the use of ephedrine in obstetric 
anesthesia is the fact that it has a late onset of action 
(up to 2-3 minutes) which makes titrating it to keep 
the maternal blood pressure stable around its base 
value more challenging. However, more importantly 
ephedrine causes much more fetal acidosis compared 
to phenylephrine. This fetal acidosis is caused 
by crossing the placenta and direct β-adrenergic 
activation of the fetal metabolism. The fetal acidosis 
and fetal pH are important markers of fetal outcome9-12.

These effects on the fetal metabolism are the 
main reason that in current practice phenylephrine 
has become the vasopressor of choice. 
Phenylephrine has a strong α-adrenergic effect, 
causing vasoconstriction and thus counteracting the 
vasodilation caused by the spinal anesthesia, without 
any β-adrenergic activity. In different studies it 
has shown to cause significantly less fetal acidosis 
compared to ephedrine10,12. The major drawback of 
phenylephrine is its dose-dependent, baroreceptor-
mediated bradycardia. This bradycardia leads to a 
drop in maternal cardiac output, which theoretically 
can cause a drop in uteroplacental blood flow.

This is the reason that in the last few years there 
has been a search for other vasopressors in obstetric 
anesthesia, such as norepinephrine.

The reason for this is the fact that norepinephrine 
has a weak β-adrenergic effect in addition to its strong 
α-adrenergic effect. It is this weak β-adrenergic that 
possibly can counteract the baroreceptor mediated 
bradycardia. And thus, in theory leading to less 
bradycardia, a better cardiac output and thus a better 
uteroplacental blood flow. The main difference with 
ephedrine is that (endogenous) catecholamines do 
not easily cross the placenta. This can be seen in the 
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Table I. — There were no differences in demographic 
characteristics between pediatric subjects who received 
midazolam, dexmedetomidine (2µg/kg) or dexmedetomidine 
(4µg/kg) premedications.

maternal hemodynamics in women undergoing 
elective caesarean section, either healthy or with 
mild pre-eclampsia. Two trials studied the effects 
of norepinephrine on the maternal hemodynamics 
in subjects with pre-eclampsia undergoing elective 
caesarean section, and one trial on fetal outcome 
in subjects with pre-eclampsia undergoing elective 
CS. Two trials examined norepinephrine’s effect 
on maternal hemodynamics in women with 
twin pregnancies undergoing elective caesarean 
section. Lastly, four trials investigated the 
effect of norepinephrine on fetal outcome: two 
trials with healthy women undergoing elective 
caesarean section, one trial with healthy women 
undergoing either an elective or an emergency 
caesarean section and one trial with healthy women 
undergoing emergency caesarean section.

Twenty-two trials aimed to prevent maternal 
hypotension, while the other thirteen focused on 
the treatment of maternal hypotension. 

Outcomes

Maternal hemodynamics

The effects of norepinephrine on maternal 
hemodynamics compared to phenylephrine are 
summarized in Table II. 

Four studies determined the relative potency 
between the two vasopressors13-16. Three13-15 studies 
used boluses, and one16 used a prophylactic 
fixed rate infusion with PE rescue boluses. 
Ngan Kee et al.15 found that for treatment of 
hypotension the ED50 of phenylephrine was 137 
μg and norepinephrine was 10 μg, indicating a 
relative potency of 13.1:1. Guo et al.14 found that 
the ED90 for prophylactic boluses was 90.9 μg 
for phenylephrine and 8 μg for norepinephrine, 
with a relative potency of 11.4:1. Motha et al.13 
reported that the optimal dose (ED95) for a bolus 
to treat post-spinal hypotension was 43.1 μg for 
phenylephrine and 3.7 μg for norepinephrine, 
with a relative potency of 11.6:1. Qian et al.16 
found a relative potency of 6.03:1 for a fixed rate 
prophylactic infusion.

The relative potency is crucial for comparing 
two vasopressors at an equipotent dosage, 
to attribute differences in outcome to the 
vasopressors’ efficacy, and not because it was 
given at a relatively higher dose compared to the 
other vasopressor17. Of the thirty-five studies, 15 
used a relative potency between 11:1 and 13,3:1 
and 3 trials16,35,43 used a prophylactic infusion with a 
relative potency around 6.03:1. Eight studies used 

 

Fig. 1 — PRISMA Flowchart of inclusion of articles.
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trial found both systolic and diastolic pressure to be 
significantly higher in the PE group45.

Twenty-four trials examined the incidence 
of reactive hypertension (see Table III). Two 
trials21,30 found a significant higher incidence of 
reactive hypertension in the phenylephrine group. 
The remaining twenty-two found a comparable 
incidence.

Heart rate

In the trials with a relative potency between 11:1-
13:1, nine found a significantly lower incidence 
of bradycardia in the NE group14,20,23-24,26-28,30,46, three 
studies found the standardized heart rate to be 
significantly higher in the NE group23,26,27, and two 
studies noted significantly fewer changes in heart 
rate in the NE group26,30.

One study found that the heart rate decrease after 
vasopressor administration was significantly lower 
in the NE group15. 

In contrast, three trials found the incidence 
of bradycardia to be comparable between both 
vasopressors21,25,47; one trial found the heart rate over 
time to be comparable25, and two studies found the 
heart rate after vasopressor administration to be 
comparable13,25. Two studies found the area under 
the curve for heart rate to be comparable between 
both vasopressors39,40.

Of the three trials with a relative potency around 
6.03:1 the incidence of bradycardia was not 
significantly different between both vasopressors

In the trials with less optimal relative potency, 
seven studies found a significantly lower incidence 
of bradycardia in the NE group18,31,33,36-38,45, two 
found a significantly lower minimal heart rate in 
the PE group33,37, four trials found the heart rate to 
be significantly higher in the NE group at some 
timepoints18,36,40,44, and one trial found the heart rate 
after vasopressor administration to be significantly 
higher in the NE group34.

Eight studies found no significant difference in 
the incidence of bradycardia6,22,29,32,34,39,41-42, two trials 
found a comparable heart rate35,39, and in three found 
the heart over time to be comparable29,32,34. 

Eight trials looked at the incidence of 
tachycardia19,22,23,25,30,31,44,47, finding no significant 
difference between both vasopressors.

Four trials investigated the arrhythmia incidence, 
with three19,25,34 finding no significant difference 
and one reporting more premature ventricular 
contractions in the NE group35.

Cardiac output

Six studies examined the cardiac output, with four 
finding it significantly higher in the NE group18,26, 

29,41 and two finding no significant difference39,46. 

a relative potency of 20:1, which was suggested to 
be incorrect by Ngan Kee et al.18, who observed 
that the volume of norepinephrine needed was 
significantly higher than phenylephrine, suggesting 
that this relative potency was incorrect. Two studies 
used a relative potency of 16.6:1, one used 15:1 and 
one used a relative potency of 10:1. The remaining 
studies used a relative potency higher than 10:1. The 
exact relative potencies of the trials can be looked 
up in Table I.

Systolic blood pressure

Among the 15 studies with a relative potency 
between 11:1-13.3:1, two found a higher incidence 
of hypotension in the norepinephrine group19-

20, one found more hypotensive episodes in 
the phenylephrine group20, and four found no 
difference14,23-25. In the remaining studies the 
incidence of hypotension was not mentioned. 
Severe hypotension (SBP < 60% of baseline value) 
was comparable between both vasopressors in two 
studies14,24. Six trials13,19,24,25-27 found the systolic blood 
pressure, systolic blood pressure over time and 
changes in systolic blood pressure to be comparable. 
Two trials27,28 found the MAP and MAP over time to 
be comparable One trial30 looked at the duration of 
hypotension and found it to be comparable between 
both groups.

Three trials that used an infusion with a relative 
potency around 6.03:1 found mixed results, with 
Ravichandrane et al35 reporting a significantly 
higher systolic blood pressure pre-delivery in the 
norepinephrine group, while Qian et al.16 and Liu et 
al.43 found no significant difference in the incidence 
of hypotension.

In the other 17 trials, twelve found a similar 
incidence of hypotension in both groups6,16,22,29,31-38, 
reported a similar incidence of severe hypotension, 
and nine trials found comparable systolic blood 
pressure or systolic blood pressure over time6,18, 

22,29,32,34,39-41. Three trials6,22,39 found comparable 
diastolic blood pressure or changes in diastolic 
blood pressure. Three trials found a comparable 
MAP between both groups6,29,37.

One trial reported a significantly higher systolic 
blood pressure during the first 6 minutes in the 
norepinephrine group36. After those six minutes, 
there was no significant difference between 
both vasopressors. One trial found the systolic 
blood pressure to be significantly higher in the 
norepinephrine group before delivery35, with no 
significant difference after delivery.

In contrast, two trials found a significantly 
higher incidence of hypotension in the NE group42-

43; and found a significantly higher MAP in the 
phenylephrine group at certain time points44-45. One 
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However, the study of Vallejo et al39 had a biased 
study design (open labelled and a relative potency 
of 2:1) so no conclusion can be drawn out of his 
results. One study found the cardiac output to be 
significantly higher at minute 5 and comparable at 
other time points40.

Other hemodynamic variables

Six studies looked at other hemodynamic variables, 
more specifically the stroke volume and systemic 
vascular resistance18,26,29,39,41,46.  One of those six 
trials was the trial of Vallejo et al39 and because of 
its biased design we can’t interpreted the results of 
that trial. Two trials found comparable SV between 
both groups18,29, while two trials found it to be 
significantly higher in the norepinephrine group26,41. 
Three trials29,41,46 found a comparable SVR between 
both groups, whilst two trials18,26 found the SVR to 
be significantly higher in the PE group.

Performance error

Ngan Kee et al.33 found that NE could control the 
blood pressure more precisely. Guo et al24 found 
that NE could control the heart rate and blood 
pressure more precisely compared to PE.

Maternal adverse events

The first step to evaluate the safety of 
norepinephrine for use as vasopressor in caesarean 
section is to look at the maternal adverse events. 
Table III summarizes all adverse events considered 
in the thirty-five included articles.

The most looked at maternal adverse event is 
intraoperative nausea and vomiting (IONV). Only 
the trial by Vallejo et al.39 found a significantly 
higher incidence of vomiting in the phenylephrine 
group, but because of the biased trial design it is 
not possible to interpret these results. All the other 
trials found a comparable incidence of IONV 
between both vasopressors.

Two studies looked at the use of anti-emetic 
medication and both did not find a significant 
difference between the norepinephrine and 
phenylephrine group44,45.

Another adverse event caused by cerebral hypo-
perfusion is dizziness. The incidence of dizziness 
was studied in eight trials13,19,21,23,26, 29,30,34. Only Rai 
et al.30 found a significantly higher incidence of 
dizziness in the phenylephrine group. The other 
seven trials did not find a significant difference 
in the incidence of dizziness between both 
vasopressors13,19,21,23,26,29,34.

No trial mentioned a higher incidence of tissue 
damage after extravasation of norepinephrine 
compared to phenylephrine.

Neonatal outcome

The neonatal outcomes of all the different trials are 
summarized in Table IV.

Of the thirty-five included trials neonatal 
outcome was a primary outcome in only seven 
trials19,21,25,30,38,43,45, and in twenty-seven trials it was 
a secondary outcome6,13-16,18,20,22-24,26-29,31,32,34-37,39-42,44,46,47. 
Ngan Kee et al. did not evaluate neonatal outcome 
in the study where they evaluated their automated 
infusion system33. This is because this trial re-
analyzed the data of their 2015 trial and only 
applied a performance error analysis to assess 
the relative performance for maintaining BP of 
phenylephrine compared to norepinephrine.

Apgar score

Out of the seven trials that had neonatal outcome 
as their primary outcome, no significant difference 
was found between both groups regarding the 
Apgar score.

In the other trials no significant difference was 
found regarding the Apgar score between both 
groups. In the trial of Priya et al.28 1 neonate in the 
NE group had an Apgar score less than 6 at five 
minutes versus 0 in the PE group, but the p-value 
was not given.

Umbilical arterial blood gas values and fetal 
acidosis

All umbilical cord blood gas values are summarized 
in Table IV. The most important umbilical arterial 
blood gas values are summarized separately in Table 
V. In most trials no significant difference was found 
in these umbilical arterial blood gas values. The trials 
of Singh et al.45 and Ravichandrane et al.35 found 
the umbilical arterial HCO3- to be significantly 
higher in the norepinephrine group. Singh et al.45 
also found the umbilical arterial base excess to be 
significantly better in the norepinephrine group 
compared to the phenylephrine group. In contrast 
Mohta et al.34 found an umbilical arterial pH that 
was significantly lower in the norepinephrine group 
compared to the phenylephrine group. Not a single 
trial found a significant difference in the incidence 
of fetal acidosis between both vasopressors.

Other outcome measurements

Five trials compared the NICU admission rates 
between the two groups20,24,25,30,45.
No significant difference was seen between both 
vasopressors regarding NICU admission, with 
Rai et al.30 not calculating the p-value for NICU 
admission. 

Rai et al.30 found a significant higher 
neurobehavioral score after 24 and 48 hours in the 
norepinephrine group.
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Belin et al.29 found a higher incidence of severe 
hypoglycemia in neonates with mothers with 
gestational diabetes coming out of the phenylephrine 
group.

Discussion 

Phenylephrine is currently the preferred 
vasopressor to prevent and manage spinal-
induced hypotension during caesarean sections 
(CS). However, norepinephrine has emerged as 
a potential alternative. For norepinephrine to be 
considered a viable substitute, it must demonstrate 
equivalent or superior efficacy in preventing and 
managing hypotension and ensuring safety for both 
mother and neonate.

Understanding and finding the relative potency 
between norepinephrine and phenylephrine is 
crucial for an accurate comparison between both 
vasopressors. Like mentioned in the results only 
four trials looked into the relative potency of 
norepinephrine and phenylephrine13-16. Three trials 
evaluated the relative potency of norepinephrine 
and phenylephrine13-15 when given as boluses, and 
only one16 looked at the relative potency when 
given as a fixed rate prophylactic infusion. Given 
this small number of trials more research is needed 
on the relative potency of phenylephrine and 
norepinephrine, especially regarding prophylactic 
infusions, as these are currently considered superior 
by international consensus1. Another drawback 
of most of the included trials is the fact that only 
five of the thirty-five included trials mention that 
they worked with NE concentration as NE tartrate 
(knowing 1 μg of NE tartrate is equal to 0.5 μg 
of NE base); all other trials made no mention of 
the fact that they used norepinephrine base or 
norepinephrine tartrate. Since some countries 
use NE tartrate as a standard to express NE 
concentration while the rest of the world uses NE 
base as the standard, it is difficult and sometimes 
confusing to compare the NE concentrations and 
relative potencies across the different studies58.

A few trials looked into the optimal dose of 
phenylephrine and norepinephrine to prevent 
and treat post-spinal hypotension. Kinsella et al.1 
used the trial by Allen et al.48 in their international 
consensus for the ideal dose of a prophylactic 
phenylephrine infusion. Allen et al.48 found that 
the optimal dose for prevention of post-spinal 
hypotension to be 25-50 μg min-1. A more recent 
study of Xiao et al.49 found that the ED50 and ED95 
of a prophylactic phenylephrine infusion was 0.31 
μg kg-1 min-1 and 0.54 μg kg-1 min-1. For a 70 kg 
weighing woman this was in range with the study 
by Allen et al.48

Onwochei et al.50 found the ED90 of 
norepinephrine bolus to prevent hypotension to be 
6 μg. Wei et al.51 found the optimal infusion for 
prevention of hypotension to be 0.07 μg kg-1 min-
1. Hasanin et al.52 found the optimal infusion rate of 
norepinephrine to prevent post-spinal hypotension 
to be 0.05-0.075 μg kg-1 min-1. Fu et al.53 found 
the optimal infusion rate to prevent hypotension in 
CSE anesthesia to be 0.08 μg kg-1 min-1.

The primary outcome in these thirty-five varied, 
with seven focusing on neonatal outcome and the 
rest focusing on maternal outcomes.

In the studies focused on maternal outcome, 
there was considerable variation regarding which 
parameter was ideal for assessing maternal 
hemodynamics. Of the thirty-five trials there were 
six trials that looked directly at the cardiac output 
and four of them found a better cardiac output in 
the norepinephrine group. Two trials found no 
significant difference in the cardiac output of both 
groups. One of those two trials was the trial of 
Vallejo et al39. As previously mentioned because 
of its biased study design no conclusions can be 
drawn out of those results.

Regarding heart rate no trial reported a 
significantly lower heart rate or a higher incidence 
of bradycardia in the norepinephrine group. Out 
of the trials that looked at the heart rate they 
either found no significant difference between 
both vasopressors (in fourteen trials) or found the 
heart rate or the incidence of bradycardia to be 
significantly better in the norepinephrine group (in 
eighteen trials).

If we look at the blood pressure control Ngan 
Kee et al.33 found that the blood pressure was 
better controlled with norepinephrine than with 
phenylephrine in their closed-looped infusion 
system. Out of the other thirty-four trials 
most trials found a comparable blood pressure 
control in both groups or a better control in the 
norepinephrine group. Six trials found a higher 
incidence of hypotension or a lower blood pressure 
in the norepinephrine group19-20,42-45. Out of those six 
trials four trials had the maternal hemodynamics 
as a secondary outcome so it cannot be said with 
certainty that they were sufficiently powered to 
make a statement about maternal hemodynamics. 
The two other trials42,44 used a relative potency of 
2:1 and 20:1 which were proven to be incorrect. 

Something important to mention is that almost 
half the included trials used boluses for prevention 
or treatment of post-spinal hypotension. Just like 
with phenylephrine some recent studies suggest 
a prophylactic infusion is superior compared 
to intermittent boluses. It maintains a better 
hemodynamics with less hypotensive episodes59,60.
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A last thing to mention is the fact that these results 
were not replicated in any of the trials that looked 
at neonatal outcome as their primary outcome. 

Conclusion 

In healthy subjects there is increased evidence 
that norepinephrine is a valuable alternative to 
phenylephrine to be the first-choice vasopressor 
for elective caesarean section. Norepinephrine can 
maintain blood pressure as good as phenylephrine 
with a higher heart rate and a higher cardiac output 
than phenylephrine. Maternal side effects are 
similar between both vasopressors. Further study 
is required to establish fetal and neonatal safety.

In other circumstances, like emergency section, 
compromised fetuses, non-healthy parturients, 
there is still not enough available data to make 
a definitive conclusion of the advantages of 
norepinephrine. So, more research under these 
circumstances is needed because it is in those 
circumstances that a maintenance of a good 
uteroplacental flow is of the utmost importance 
for the already compromised fetuses. And so, it 
is in these circumstances that there is the biggest 
possible advantage of norepinephrine with its weak 
β-adrenergic effect to maintain the cardiac output 
and in doing so the uteroplacental flow.
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