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Objectives:  

• Physiology of spinal anesthesia
• Maintenance of uteroplacental blood flow

• aortocaval compression alleviation
• acute volume expansion with crystalloid/colloid
• vasopressors

ephedrine
phenylephrine/metaraminol
norepinephrine

• Best practices 



Maintenance of Uteroplacental Blood Flow
(1980’s)

Acute preload
Left uterine displacement
Trendelenburg
Short induction-delivery time
Normoglycemia
Vasopressors (ephedrine)
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Cardiovascular Effects of Neuraxial Anesthesia 



Bupivacaine 10 mg - phenylephrine 0.25 mcg/kg/min

Bupivacaine 10 mg - placebo

Bupivacaine  7 mg - phenylephrine 0.25 mcg/kg/min

Bupivacaine  7 mg – placebo

* All groups received sufentanil 4 mcg

Hemodynamic trends with Lidcoplus 
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ü Reduced volumes of crystalloid

ü Co-loading has replaced pre-loading 

Fluid administration at Cesarean Delivery
Current Concepts 



Carvalho JCA et al. Int Anesthesiol Clin,1994;32(2):103

Crystalloid Preload at Cesarean Delivery
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Dyer RA et al. Anaesth Intens Care 2004; 32:351-7

Co-loading for Spinal Anesthesia for Cesarean Section

50 patients, elective CS under spinal anesthesia

Preload: 20 ml/kg Ringer’s lactate over 20 minutes preceding the spinal

Coload: 20 ml/kg Ringer’s lactate under pressurized giving set @ spinal tap

Preload Coload

Volume infused (ml) 1474 1386

Duration of infusion (min) 20 10  *

Ephedrine predelivery (mg)              10 0   *

Pts not requiring ephedrine pre del 9/25 16/25 *

UA base deficit (mmol/l) 0.32 1.11
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Avoidance of the supine position in late pregnancy, 
to prevent aortocaval compression (ACC) by the 
gravid uterus, is a fundamental principle in the 

management of pregnant women, particularly during labor 
or at cesarean delivery. The negative consequences of ACC 
were !rst brought to light over 70 years ago, and much 
of clinical practice today is based on studies that are now 
decades old. Most of the clinical studies on which current 
obstetric anesthesia practice is based were not designed 
according to current modern standards, failed to account 
for confounding variables, failed to support maternal blood 
pressure (BP), and failed to limit the risk of a type 1 error 
in the context of multiple comparisons.1–3 New evidence is 
challenging some previous assumptions about the phenom-
enon, and the accepted dogma related to ACC syndrome 
needs to be addressed.

In this review, we examined the body of literature that 
has accumulated since the 1920s on the effect of the gravid 
uterus on maternal hemodynamic physiology, encompass-
ing the earliest evidence of obstruction of the inferior vena 
cava (IVC) based on dye injection studies, to the more recent 
use of magnetic resonance imaging (MRI). The direct and 
indirect evidence for compression of the aorta is addressed, 
as well as the potential for detrimental effects on uteropla-
cental perfusion. The evidence for the practice of left uterine 
displacement during cesarean delivery is challenged, and 
we propose a critical reappraisal of common beliefs.

HISTORICAL PERSPECTIVES: FROM POSTURAL 
SHOCK TO “THE SUPINE HYPOTENSIVE 
SYNDROME”
The earliest report of the phenomenon of maternal pos-
tural shock, published in 1942, is attributed to the German 
obstetrician, Hansen,4 who incorrectly speculated that the 
etiology of maternal postural shock was mechanical pres-
sure on the heart by the gravid uterus. In 1951, McRoberts5 
reported on 6 cases of circulatory collapse in the supine 
position in mid-to-late pregnant women, which could be 
relieved by transfer to the lateral position or by deliver-
ing the fetus. Based on his knowledge of an earlier report 
describing elevated venous pressure in the lower extremi-
ties near-term, he correctly theorized that abdominal 
venous obstruction by the gravid uterus must cause “a rise 
in venous pressure caudally and a fall in the pressure in 
the right auricle.”6

The term supine hypotensive syndrome was coined by 
Howard et al7 in 1953, during observations that 18 (11.2%) 
of 160 women at term made to lie supine for several min-
utes experienced either a drop in systolic blood pressure 
(SBP) of >30 mm Hg or developed an SBP of <80 mm Hg. 
Several similar reports were published between 1950 and 
1960.8–12 In the !rst large report on a group of 500 women 
evaluated during antenatal visits in the last month of preg-
nancy, Holmes12 described that 8.2% of women experienced 
a greater than 30% decrease in SBP when placed supine and 
3.6% experienced a decrease by as much as 40% or more, 
although there was no mention of how symptomatic women 
were. Supine hypotension tended to become less severe as 
the patient approached full term, which was thought to be 
explained by descent of the fetal head into the pelvis.12

Signi!cant exacerbation of postural hemodynamic 
changes with spinal anesthesia was recognized as early as 
1950, and several authors separately noted improvement 
with assuming the lateral position, by performing manual 
displacement of the uterus or in response to delivery.8,13–16

More than 70 years ago, the phenomenon of “postural shock” in the supine position was 
described in healthy women in late pregnancy. Since then, avoidance of the supine position has 
become a key component of clinical practice. Indeed, performing pelvic tilt in mothers at term 
to avoid aortocaval compression is a universally adopted measure, particularly during cesar-
ean delivery. The studies on which this practice is based are largely nonrandomized, utilized 
a mix of anesthetic techniques, and were conducted decades ago in the setting of avoidance 
of vasopressors. Recent evidence is beginning to re!ne our understanding of the physiologic 
consequences of aortocaval compression in the context of contemporary clinical practice. For 
example, magnetic resonance imaging of women at term in the supine and tilted positions has 
challenged the dogma that 15° of left tilt is suf!cient to relieve inferior vena cava compression. 
A clinical investigation of healthy term women undergoing elective cesarean delivery with spinal 
anesthesia found no difference in neonatal acid-base status between women randomized to be 
either tilted to the left by 15° or to be in the supine position, if maternal systolic blood pressure 
is maintained at baseline with a crystalloid coload and prophylactic phenylephrine infusion. This 
review presents a fresh look at the decades of evidence surrounding this topic and proposes a 
reevaluation and appraisal of current guidelines regarding entrenched practices.  (Anesth Analg 
2017;125:1975–85)
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EVIDENCE FOR COMPRESSION OF THE IVC
The gravid uterus begins to compress the IVC in the 
supine position beginning at approximately the 20th 
week of pregnancy, with obstruction becoming virtually 
complete at term.17,18 The !rst evidence of IVC obstruc-
tion was demonstrated by Runge6 in 1924. Higher venous 
pressure in the legs than arms was recorded before deliv-
ery, which was followed by a fall in leg venous pressure 
postpartum.

In 1963, Scott and Kerr19 validated the premise that IVC 
compression by the gravid uterus occurs in the supine 
position and reported near-complete IVC occlusion using 
direct catheter transducer measurements of IVC pressure in 
women undergoing cesarean delivery. In almost every case, 
before delivery, elevated pressure was measured along the 
length of the vessel (18–24 mm Hg) and only normalized 
(4–8 mm Hg) above the level of the diaphragm.

In 1964, the same group reported on their evaluation 
using dye injection via bilateral femoral vein catheterization 
in supine women at term.18 Complete obstruction to the pas-
sage of contrast medium while supine was demonstrated 
in 10 of 12 cases, with return of venous "ow visualized via 
collateral channels—the ascending lumbar veins and para-
vertebral venous plexuses to the azygos veins. In a subset of 
women rotated to the lateral position, more normal passage 
of dye upward in the IVC was noted, although some com-
pression was still present.

Recent MRI of term pregnant women substantiates near-
complete IVC compression by the gravid uterus at term in 
the supine position.20 With 15° of maternal left tilt compared 
with the supine position, even though a minimal volume 
increase was noted in half of the subjects, there was no sig-
ni!cant increase in IVC volume (Figure#1). With 30° of left 

tilt, however, IVC volume increased in all subjects, with sig-
ni!cant variability in the extent of volume increase.

From a clinical standpoint, despite MRI !ndings of near-
complete IVC occlusion, it is remarkable that over 90% of 
women at term seem to be asymptomatic and hemody-
namically stable in the supine position, which attests to 
the robustness of maternal intrinsic compensatory mecha-
nisms.12 Compensation requires peripheral venoconstric-
tion, which promotes venous return via collateral channels, 
which are believed to develop over the course of pregnancy. 
This mechanism is blunted after administration of anes-
thesia, especially following the sympathectomy induced 
by neuraxial blockade, when women at term are at risk of 
severe hypotension if unmanaged with vasopressors and 
"uids.

Maternal Cardiac Arrest
In certain clinical scenarios, left uterine displacement is 
a crucial life-saving maneuver. During maternal cardiac 
arrest, relief of IVC obstruction is imperative to facilitate 
venous return and improve cardiac output. Both the Society 
for Obstetric Anesthesia and Perinatology (SOAP) consen-
sus statement published in 201421 and the American Heart 
Association (AHA) scienti!c statement published in 201522 
recommend manual uterine displacement during cardiac 
arrest in pregnancy if the uterus is palpable or visible at 
or above the umbilicus, instead of the 30° left tilt position. 
Indeed, the tilt position may interfere with the adequacy of 
chest compressions, and as MRI demonstrates, even 30° of 
tilt may not completely relieve venous obstruction.20 The 
level of evidence for the manual displacement technique is 
however extremely limited23; hence, the proposed recom-
mendation was Class I; Level of Evidence C.22

Figure 1. Magnetic resonance images of a 42-year-old pregnant woman (the fetus was in the right occiput position) in either the supine posi-
tion (A and E) or at 15° (B and F), 30° (C and G), or 45° (D and H) left tilt positions at the L2-3 disk level (A–D) and the L4-5 disk level (E–H). 
Aortic size (solid arrow) did not change signi!cantly in any position. The inferior vena cava (IVC; outlined arrow) was almost completely com-
pressed, and the shape appeared band-like in the supine position. In the 15° left tilt position, the fetus was moved slightly to the left, slightly 
reducing IVC compression. IVC compression was signi!cantly reduced in the 30° left tilt position. The IVC was not identi!able in the supine 
position. In the 30° and 45° left tilt positions, IVC compression was signi!cantly reduced. The abdominal aorta did not divide to the common 
iliac artery at this level. The aorta was slightly deformed in the 15°, 30°, and 45° left tilt positions. In these axial images, anterior is at the 
top of the !gure, and anatomic right is to the left in the !gure. Used with permission from Higuchi et al.20

Anesth Analg 2017; 125:1838-9









Ngan Kee et al. Anesthesiology 2001; 95:307

Metaraminol (0.5mg/ml) vs Ephedrine (10mg/ml) 
1 ml bolus followed by infusion of 0.5 ml/min

Ephedrine Metaraminol
N=25 N=25

Induction-delivery time (min) 24.8 28.5
Hypotension n (%) 10 (44) 8 (35)
Vasopressor consumption (mg) 50 3.1
Nausea n(%) 5 (20) 1(4) *
UA pH <7.2 n(%) 9 (39) 0 (0) *
UA pulsatility index no change no change



RR 95% CI

Hypotension 1.00 0.96-1.06

Hypertension 0.65 0.08-5.13

Maternal bradycardia 4.79 1.47-15.6

Higher UA pH WMD 0.03 0.02-0.04

UA pH < 7.20 0.78 0.16-3.92

Lee A et al. Anesth Analg 2002;94:920-6

Phenylephrine versus Ephedrine: Systematic Review

7 RCT (n=292)
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Ngan Kee WD et al. Br J Anaesth 2004; 92: 469-74

Phenylephrine Infusion during Spinal Anesthesia for Cesarean Delivery

75 patients undergoing elective CS

No acute preload – Bupivacaine 0.5% 10 mg plus fentanyl 15 µg

Phenylephrine 100 µg/min titrated to 100%, 90% or 80% baseline SBP. Rescue 100 µg

Group 80 Group 90 Group 100

Hypotension (%) 96 72 29  *

Hypertensive episodes (n) 5 2 0  *

Nausea or vomiting (%) 40 16                             4  *

Fetal acidosis (UA pH < 7.20) 0 0 0

Bradycardia < 50 (%) 20 32 8



Double blind RCT, 60 women

Elective cesarean delivery under spinal anesthesia

Randomized into 2 groups

bolus of 120 mcg

infusion of 120 mcg/min (fixed rate)

Any decrease in SBP below baseline was treated

Bio-reactance monitor: SBP, DBP, HR, SV, CO, SVR

Primary outcome: maximum change in CO

Secondary outcomes: Hemodynamic profile, nausea/vomiting  
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Doherty et al. Anesth Analg 2012; 115:1343-50



Doherty et al. Anesth Analg 2012; 115:1343-50

Bolus       vs     Infusion

Hypotension (%) 23                    26 ns

Hypertension (%) 40                   30 ns

Nausea/Vomiting(%) 36                    16 ns

Bradycardia (%) 30                    36 ns

Phenylephrine (mcg) 964                1740 <0.001

Side Effects and Consumption of Phenylephrine





Anesthesiology 2015; 122:736-45

104 women under spinal for cesarean delivery
Co-hydration up to 2 L crystalloid + vasopressor infusion

Phenylephrine 100 mcg/ml
Norepinephrine 5 mcg/ml

start dose 30 mL/h until first  BP
computer controlled closed-loop feedback system
vasopressor dose between 30 and 60 mL/h
default to 0 mL/h if HR less than 50/min

CO assessed by suprasternal doppler
Primary outcome was changes in CO
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PERIOPERATIVE MEDICINE

Discussion
!e results of our study show that compared with phenyl-
ephrine, norepinephrine had similar e"cacy for maintaining 
blood pressure during spinal anesthesia for cesarean delivery 
but was associated with greater HR and CO and lower SVR. 
!ese #ndings con#rm our postulate that the use of a drug 
such as norepinephrine that has mild !-adrenergic receptor 

activity in addition to potent "-adrenergic receptor activity 
would exhibit similar vasopressor e"cacy as phenylephrine 
but with a reduction in the undesirable negative chrono-
tropic e$ects.

!e typical hemodynamic response to spinal anesthesia 
in parturients is a decrease in SVR with a compensatory 
increase in HR and CO; thus, immediate treatment with an 

Fig. 3. Serial changes in cardiac output (A), stroke volume (B), and systemic vascular resistance (C). On the left side of the pan-
els, data are serial values for the !rst 20 min after induction of spinal anesthesia normalized to percentage of baseline values. On 
the right side of the panels, bars show the area under the curve for the two groups (N = norepinephrine and P = phenylephrine). 
Comparison of the calculated values for area under the curve showed that cardiac output was greater over time (P < 0.001) and 
systemic vascular resistance was lower over time (P < 0.001) in the norepinephrine group compared with that in the phenyleph-
rine group, but there was no difference in stroke volume (P = 0.44). Values are shown as median and interquartile range.

Downloaded from anesthesiology.pubs.asahq.org by guest on 04/06/2019

Anesthesiology 2015; 122:736-45
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P HENYLEPHRINE is commonly used to maintain 
blood pressure during spinal anesthesia for cesarean 

delivery.1,2 However, because phenylephrine is a potent 
!-adrenergic receptor agonist without "-adrenergic receptor 
activity at usual clinical doses, its use is often associated with a 
dose-related re!exive slowing of maternal heart rate (HR) and 
a corresponding decrease in cardiac output (CO).3–5 Although 
the clinical signi"cance of these decreases in HR and CO in 
healthy patients with unstressed fetuses is unknown, concern 
has been expressed that there may be potential for harm in 
the presence of a compromised fetus.3 #erefore, investiga-
tion of alternative vasopressors with less pronounced re!exive 
negative chronotropic e$ects is of interest.

Norepinephrine has pharmacologic properties that sug-
gest it may be a useful alternative to phenylephrine. Norepi-
nephrine is a potent !-adrenergic receptor agonist, but unlike 

phenylephrine, it is also a relatively weak agonist at "-adrenergic 
receptors. We postulated that norepinephrine might therefore 

What We Already Know about This Topic

t� "MUIPVHI� OPSFQJOFQISJOF� IBT� UIFPSFUJDBM� BEWBOUBHFT� PWFS�
QIFOZMFQISJOF�UP�USFBU�TQJOBM�BOFTUIFTJBoJOEVDFE�IZQPUFOTJPO�
JO�PCTUFUSJD�QBUJFOUT�JU�IBT�OPU�CFFO�BTTFTTFE�JO�UIJT�TFUUJOH

What This Article Tells Us That Is New

t� *O� B� SBOEPNJ[FE� TUVEZ� PG� ���� IFBMUIZ� QBUJFOUT� VOEFSHPJOH�
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USFBUFE� XJUI� OPSFQJOFQISJOF� DPNQBSFE� XJUI� UIBU� JO� XPNFO�
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Copyright © 2015, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. All Rights Reserved.�"OFTUIFTJPMPHZ�����������������

ABSTRACT

Background: During spinal anesthesia for cesarean delivery, phenylephrine can cause re!exive decreases in maternal heart rate 
and cardiac output. Norepinephrine has weak "-adrenergic receptor agonist activity in addition to potent !-adrenergic recep-
tor activity and therefore may be suitable for maintaining blood pressure with less negative e$ects on heart rate and cardiac 
output compared with phenylephrine.
Methods: In a randomized, double-blinded study, 104 healthy patients having cesarean delivery under spinal anesthesia were 
randomized to have systolic blood pressure maintained with a computer-controlled infusion of norepinephrine 5 #g/ml or 
phenylephrine 100 #g/ml. #e primary outcome compared was cardiac output. Blood pressure heart rate and neonatal out-
come were also compared.
Results: Normalized cardiac output 5 min after induction was greater in the norepinephrine group versus the phenylephrine 
group (median 102.7% [interquartile range, 94.3 to 116.7%] versus 93.8% [85.0 to 103.1%], P = 0.004, median di$erence 
9.8%, 95% CI of di$erence between medians 2.8 to 16.1%). From induction until uterine incision, for norepinephrine versus 
phenylephrine, systolic blood pressure and stroke volume were similar, heart rate and cardiac output were greater, systemic 
vascular resistance was lower, and the incidence of bradycardia was smaller. Neonatal outcome was similar between groups.
Conclusions: When given by computer-controlled infusion during spinal anesthesia for cesarean delivery, norepinephrine was 
e$ective for maintaining blood pressure and was associated with greater heart rate and cardiac output compared with phenyl-
ephrine. Further work would be of interest to con"rm the safety and e%cacy of norepinephrine as a vasopressor in obstetric 
patients. (ANESTHESIOLOGY 2015; 122:736-45)
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Truncated Dixon and Mood Method: 5.49 mcg (95% CI 5.15-5.83)
Isotonic Regression Method: 5.80 mcg (95% CI 5.01-6.59)
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KEY POINTS
• Question: When used in equipotent doses as an intermittent bolus regimen to prevent and 

treat spinal-induced hypotension, does norepinephrine (NE) result in a reduced incidence of 
bradycardia compared to phenylephrine (PE)?

• Finding: When NE is used in an intermittent bolus regimen to prevent hypotension during 
cesarean delivery, it is associated with a 71% relative reduction in the incidence of maternal 
bradycardia when compared to an equipotent bolus regimen with PE.

• Meaning: The hemodynamic profile offered by NE during cesarean delivery is superior to that 
of PE due to less fluctuation in heart rate and possibly cardiac output.

BACKGROUND: Phenylephrine (PE) is currently the vasopressor of choice to prevent and treat 
spinal-induced hypotension at cesarean delivery (CD). However, its use is often associated 
with re!ex bradycardia. Norepinephrine (NE) has been put forward as an alternative vasopres-
sor during CD due to its ability to treat hypotension while maintaining heart rate (HR). Recent 
studies have focused on the role of NE used as an infusion with favorable results compared to 
PE. No studies have compared equipotent bolus doses of PE and NE at CD. We hypothesized 
that when used in equipotent doses as an intermittent bolus regimen to prevent and treat 
spinal-induced hypotension, NE would result in a reduction in the incidence of bradycardia 
compared to PE.
METHODS: This was a double-blind, randomized clinical trial of women undergoing elective CD 
under spinal anesthesia. Women were randomized to receive either PE 100 !g or NE 6 !g when 
the systolic blood pressure (SBP) was below baseline. In addition to the randomized treatment, 
ephedrine was given intravenously to both groups if the SBP was below baseline and the HR 
<60 bpm or if the SBP was <80% of baseline for 2 consecutive readings. The primary outcome 
was bradycardia (HR <50 bpm) in the predelivery period. Secondary outcomes included hypoten-
sion (SBP <80% of baseline), hypertension (SBP >120% of baseline), tachycardia (HR >120% of 
baseline), "2 episodes of bradycardia, nausea, vomiting, umbilical artery and vein blood gases, 
and Apgar scores.
RESULTS: One hundred twelve patients were randomized. The incidence of bradycardia was 
lower in the NE group compared to the PE group (10.9% vs 37.5%; P < .001; difference [95% 
con"dence interval {CI}], #26.8% [#41.8% to #11.7%]), implying an estimated 71% relative 
reduction (95% CI, 35%–88%). The distribution of the number of bradycardia episodes was also 
different between the 2 groups (P = .007). Further testing showed that the patients in the PE 
group had a higher risk of multiple bradycardia episodes ("2 episodes) compared to the NE 
group (19.6% for PE versus 3.6% for NE; P = .008). The proportion of patients requiring rescue 
boluses of ephedrine was lower in the NE group compared to the PE group (7.2% for NE versus 
21.4% for PE; P < .03; difference [95% CI], #14.3% [#27.0% to #1.6%]). No differences were 
observed between the 2 groups in the incidence of other secondary outcomes.
CONCLUSIONS: When used as an intermittent bolus regimen to prevent and treat spinal-induced 
hypotension during CD, NE resulted in a signi"cant reduction in the incidence of bradycardia 
as compared to an equipotent bolus regimen of PE. We conclude that the hemodynamic pro"le 
offered by NE during CD is superior to that of PE due to less !uctuations in HR and possibly 
cardiac output.  (Anesth Analg XXX;XXX:00–00)
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112 women, elective cesarean deliveries
Standardized spinal anesthesia
Randomized to 

phenylephrine 100 mcg bolus
norepinephrine 6 mcg

SBP and HR assessed every minute
Bolus of vasopressor given every time SBP < 100% baseline
If HR < 60 and vasopressor needed, ephedrine 5 mg was given
If SBP <80% for 2 assessments, ephedrine 10 mg was given



Primary Outcome - Incidence of Bradycardia

Absolute reduction in the incidence of bradycardia :  - 26.6%, 95% CI ( - 41.7%, -11.5%)
Relative reduction in the incidence of bradycardia : 70.9%
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Phenylephrine
N = 56

Norepinephrine
N = 56 p-value

Hypotension, % 39.3 38.2 0.9

Hypertension, % 10.7 9.1 0.77

Tachycardia, % 12.5 10.91 0.79

Nausea, % 32.1 27.3 0.57

Vomiting, % 7.1 1.8 0.17

Secondary outcomes

Sharkey et al. Anesth Analg 2019; 129:1312-1318



Phenylephrine
N = 56

Norepinephrine
N = 56 p-value

Apgar score < 7 at 1 min and 5 min 0 0

Umbilical arterial blood gases

pH 7.25 (0.05) 7.24 (0.08) 0.82

pCO2 (mmHg) 58.7(8.5) 56.2(10.5) 0.21

pO2, (mmHg) 17.54(7.78) 17.87(8.10) 0.84

HCO3
- (mmol/l) 25.27(1.95) 24.77(2.37) 0.25

Base Excess (mmol/l) -2.8(-4.0, -1.7) -2.5 (-4.1, -1.5) 0.83

Umbilical venous blood gases

pH 7.31(0.05) 7.30(0.07) 0.27

pCO2 (mmHg) 47.37(7.44) 48.06(8.30) 0.65

pO2 (mmHg) 25.06(8.49) 24.18(7.25) 0.57

HCO3
- (mmol/l) 23.70(1.51) 23.44(1.61) 0.39

Base Excess (mmol/l) -2.7(-3.9, -1.9) -2.95 (-4.2, -1.8) 0.44

Fetal Outcomes
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A major change in obstetric anaesthesia practice over the
last decades has been the use of phenylephrine instead of
ephedrine for anti-hypotensive management after spinal
anaesthesia for caesarean section. Phenylephrine has
largely replaced ephedrine because of its decreased
tendency to cause fetal acidosis [1] and a prophylactic
phenylephrine infusion has even been suggested to be the
preferred technique to prevent a decrease in blood
pressure in healthy women [2, 3]. However, in 2015, a study
by Ngan Kee et al. [4] suggested noradrenaline to be
superior to phenylephrine due to its beta-activity that may
avoid the bradycardia often seen with phenylephrine. Since
then, the literature has debated whether obstetric
anaesthetists should now switch from phenylephrine to
noradrenaline [5].

This editorial addresses some of the issues around
noradrenaline with special emphasis on the effects on both
maternal haemodynamic variables and fetal acid base
status. Table 1 summarises the main properties of
noradrenaline, phenylephrine and ephedrine.

Phenylephrine can cause a re!ex bradycardia [1] due to
its alpha-activity. Noradrenaline has beta-activity in addition
to the alpha activity and, consequently, Ngan Kee et al. [4]
hypothesised that noradrenaline would be associated with
less bradycardia than phenylephrine. Since then, a body of
evidence on the use of noradrenaline during caesarean

section has been published and the "ndings on bradycardia
have not been unanimous; there have been studies
reporting less bradycardia with noradrenaline [6, 7] and
others reporting no difference in the incidence of
bradycardia [8, 9]. All of these studies used noradrenaline
and phenylephrine in adequate equipotent ratios of
phenylephrine : noradrenaline of 1 : 12.5–16. In studies
using a 1:20 ratio, this controversy remained, with one study
"nding less bradycardia [4] while another did not [10].

It is important, however, to point out that most studies
showed that treatment of phenylephrine-associated
bradycardia was rarely necessary [4, 9, 11]. Even high doses
of 100 µg.min-1 phenylephrine infusion do not usually
require treatment of bradycardia [11]. Ngan Kee, a pioneer
in vasopressor infusions, reported that bradycardia
“corrected rapidly after turning off the phenylephrine
infusion” [11] and we share this experience in our clinical
practice. In addition, we have to say that not only
phenylephrine but also noradrenaline can be associated
with bradycardia. In a study by Mohta et al. [10], treatment
for bradycardia was required in 3 out of 45 patients in the
phenylephrine group but also in 1 out of 45 patients in the
noradrenaline group, a difference that was not statistically
signi"cant. Taken together, we do not think that bradycardia
related to phenylephrine is a predominant clinical problem,
given the easy titrability of the drug and its short half-life.

© 2021Association of Anaesthetists 743
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Summary
Phenylephrine is recommended for the management of hypotension after spinal anaesthesia in women
undergoing caesarean section. Noradrenaline, an adrenergic agonist with weak b-adrenergic activity, has been
reported to have a more favourable haemodynamic pro!le than phenylephrine. However, there are concerns
that noradrenaline may be associated with a higher risk of fetal acidosis, de!ned as an umbilical artery pH
< 7.20.We performed a systematic review of trials comparing noradrenaline with phenylephrine, concentrating
on primary outcomes of fetal acidosis andmaternal hypotension. We identi!ed 13 randomised controlled trials
including 2002 patients. Heterogeneity among the studies was high, and there were too few data to calculate a
pooled effect estimate. Fetal acidosis was assessed in four studies that had a low risk of bias and a low risk of
confounding, that is, studies which used a prophylactic vasopressor and where women received the allocated
vasopressor only. There were no signi!cant differences between these studies. No signi!cant differences were
observed for hypotension. Two trials found a signi!cantly lower incidence of bradycardia when using
noradrenaline. Cardiac output was signi!cantly higher after noradrenaline in two of three studies. For other
secondary outcomes including nausea, vomiting and Apgar scores at 1 and 5 min, no studies found signi!cant
differences. The evidence so far is too limited to support an advantage of noradrenaline over phenylephrine.
Concerns of a deleterious effect of noradrenaline on fetal blood gas status cannot currently be assuaged by the
available data from randomised controlled studies.
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Introduction
Hypotension occurs in up to 60% of women receiving
spinal anaesthesia for caesarean section [1]. Sympathetic
block has been identi!ed as the main mechanism, as a
result of a decrease in the systemic vascular resistance [2],
and vasopressors have become the mainstay of

antihypotensive prophylaxis and treatment. Ephedrine, the
agent of choice for many years, is associated with a higher
incidence of fetal acidosis, de!ned as umbilical artery pH
< 7.20, than a-agonists [3]. This effect has been attributed
to the b-mimetic properties of ephedrine, which lead to
stimulation of fetal metabolism and an increase in fetal

800 © 2020 Association of Anaesthetists
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A randomised double-blind comparison of phenylephrine
and norepinephrine for the management of postspinal
hypotension in pre-eclamptic patients undergoing
caesarean section

Medha Mohta, Lakshmi R, Geetanjali T. Chilkoti, Rachna Agarwal and Rajeev Kumar Malhotra

BACKGROUND Studies comparing phenylephrine and nor-
epinephrine for the treatment of postspinal hypotension in
pre-eclamptic patients are limited.

OBJECTIVE To compare bolus doses of phenylephrine and
norepinephrine for treating hypotension in pre-eclamptic
mothers undergoing caesarean section under spinal anaes-
thesia. It was hypothesised that norepinephrine and phenyl-
ephrine use would be associated with similar neonatal
outcome.

DESIGN Randomised controlled study.

SETTING Single centre, tertiary care, university teaching
hospital, from December 2018 to March 2020.

PATIENTS A total of 86 women with pre-eclampsia and a
singleton pregnancy who developed postspinal hypotension
during caesarean section.

INTERVENTIONS Patients received intravenous phenyleph-
rine (50 mg) or norepinephrine (4 mg) for treatment of hypo-
tension, defined as a fall in baseline systolic BP by!20% or
an absolute value<100 mmHg.

MAIN OUTCOME MEASURES The primary outcome was
umbilical artery pH. Secondary outcomes included Apgar

scores, the number of hypotensive episodes, vasopressor
requirements, the incidence of tachycardia/bradycardia/
arrhythmias/hypertension and maternal complications.

RESULTS Umbilical artery pH was not different between the
phenylephrine and norepinephrine groups (7.26"0.06 and
7.27"0.06, respectively; P#0.903). The median [IQR]
number of hypotensive episodes was higher in the norepi-
nephrine than the phenylephrine group: 2 [1 to 3] vs 1 [1 to 2],
respectively; P#0.014. Apgar scores, total number of
vasopressor boluses required, systolic BP trends and the
incidence of maternal complications were comparable in the
two groups. Heart rate (HR) values were lower in phenyl-
ephrine group (P#0.026), and one patient in phenylephrine
group and none in the norepinephrine group developed
bradycardia (HR<50 bpm), P#1.000.

CONCLUSIONS In women with pre-eclampsia undergoing
caesarean section, bolus doses of phenylephrine (50 mg)
and norepinephrine (4 mg) used to treat hypotension after
spinal anaesthesia are equally effective with similar neonatal
and maternal outcomes.
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Introduction
Phenylephrine, an a-agonist, is a potent and rapidly
acting vasopressor with a short duration of action. It
has replaced ephedrine as the vasopressor of choice for
hypotension in healthy women undergoing caesarean

section with spinal anaesthesia because of better main-
tenance of foetal acid-base status.1,2 However, the prin-
ciple drawback with phenylephrine is the significant
incidence of reflex bradycardia with its associated fall
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A Comparative Study of Bolus Norepinephrine, 
Phenylephrine, and Ephedrine for the Treatment 
of Maternal Hypotension in Parturients with 
Preeclampsia During Cesarean Delivery Under 
Spinal Anesthesia

 E 1 Xian Wang*
 BC 1 Mao Mao*
 F 2 Shijiang Liu
 AG 1 Shiqin Xu
 D 3,4 Jianjun Yang

  * Xian Wang and Mao Mao contributed equally to this study
 Corresponding Author: Shiqin Xu, e-mail: xusqnj@126.com, Jianjun Yang, e-mail: yjyangjj@126.com
 Source of support: This study was supported by the Young Talents Project of Maternal and Child Health Care in Jiangsu Province (FRC201787)

 Background: This study aimed to compare the e!cacy and safety of bolus norepinephrine, phenylephrine, and ephedrine in 
parturient with preeclampsia who had hypotension during cesarean delivery under spinal anesthesia.

 Material/Methods: One hundred and sixty-six parturient women with preeclampsia who had a baseline systolic blood pressure 
(SBP) <80% during spinal anesthesia for cesarean section were divided into three treatment groups; bolus nor-
epinephrine 4 µg (group N) (n=56), phenylephrine 50 µg (group P) (n=55), and ephedrine 4 mg (group E) (n=55). 
Primary outcomes included overall SBP and heart rate (HR) until delivery. Secondary outcomes included the in-
cidence of tachycardia (HR >120 bpm), bradycardia (HR <60 bpm), hypertension (SBP >120% baseline), number 
of boluses of vasopressor required and episodes of hypotension, maternal side e"ects, and neonatal outcome.

 Results: Overall HR in group N was significantly increased compared with group P (80.5±12 vs. 76.6±6.9 bpm; P=0.04), 
and significantly lower compared with group E (80.5±12 vs. 84.9±7.1 bpm; P=0.02). Parturients in group N had 
fewer episodes of bradycardia compared with group P (3.6% vs. 21.8%; RR=0.26l; 95% CI, 0.07–0.73; P=0.004) 
and fewer episodes of tachycardia compared with group E (16.1% vs. 36.4%; RR 0.54; 95% CI, 0.29–0.90; P=0.02).

 Conclusions: A bolus dose of norepinephrine showed similar e!cacy to phenylephrine but improved maternal and neona-
tal safety in parturients with preeclampsia with hypotension during cesarean section under spinal anesthesia.

 MeSH Keywords: Ephedrine • Norepinephrine • Pre-Eclampsia • Treatment Outcome • Phenylephrine
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A recent study compared a 10 µg dose of norepinephrine 
with 5 mg of ephedrine to treat anesthesia-induced hypoten-
sion in hypertensive patients undergoing spinal surgery, and 
showed that this dose of norepinephrine had twice the po-
tency of ephedrine, resulting in fewer hypotensive events, the 
need for fewer vasopressor doses to rescue the first episode 
of hypotension, and fewer doses in total [27]. In the present 
study, despite a similar e!cacy for the maintenance of SBP, 
there was a significant di"erence in maternal HR after treat-
ment of the three vasopressors used. The overall HR was the 
highest in parturients receiving ephedrine, followed by nor-
epinephrine, and was lowest with phenylephrine, which was 
consistent with their respective pharmacological properties. 
All hemodynamic variables, as well as maternal and neonatal 
outcome in this study were recorded by an independent re-
searcher, to minimize possible investigator bias. For maternal 
outcome, norepinephrine treatment was observed to result in 
fewer cases of IONV when compared with ephedrine. The eti-
ology of IONV is recognized to be multifactorial and reactive 
treatment of established hypotension, as used in the present 
study, has previously been reported to be related to an in-
creased incidence of IONV when compared with prophylactic 
vasopressor infusion before the onset of hypotension [28]. In 
2004, Ngan Kee et al. compared phenylephrine infusion regi-
mens based on three di"erent BP thresholds and showed that 
for optimal management, phenylephrine should be adjusted to 
maintain maternal BP at near-baseline values [29]. Importantly, 
ephedrine has been shown to have a duration of onset of be-
tween two and three minutes, resulting in slower correction 
of hypotension when compared with norepinephrine or phen-
ylephrine, which act within 60 seconds after injection [30].

There may have been several factors that contributed to the 
development of IONV, including maternal demographics and a 
previous history of IONV or motion sickness, operative proce-
dures, use of perioperative opioids, or peritoneal traction [31]. 
However, these details were not collected in the present study, 
and their possible involvement in the IONV di"erence found be-
tween the groups was not explored, which should be regarded 
as a limitation that requires further study. In this study, the neo-
natal Apgar scores were measured as an indicator of neonatal 
well-being in the first minutes after birth, as well as umbilical 
artery blood gas and pH, which is useful to assess fetal condi-
tion immediately before delivery. There were no observed dif-
ferences in Apgar score at one minute or five minutes among 
the three study groups, and no di"erences in umbilical artery 
pH between groups N and P. However, a higher umbilical ar-
tery pH value was observed in women receiving norepineph-
rine and phenylephrine when compared with those treated 
with ephedrine (7.32±0.02 and 7.32±0.02 versus 7.31±0.03). 
However, the entire range of pH-values in group E was still 
within the normal range, and no neonate experienced fetal 
acidosis, defined as pH value <7.2, which is the lower limit of 

normal [32]. Also, in a recently published clinical trial that com-
pared treatment with bolus phenylephrine and ephedrine for 
spinal hypotension in women with severe preeclampsia, fetal 
acid-base status was found to be independent of the use of 
vasopressor [33]. Therefore, the observed lower pH value for 
women receiving ephedrine is unlikely to have clinical signif-
icance. Also, in women receiving norepinephrine and phenyl-
ephrine, there was a higher BE, and lower HCO3

–, lactate, which 
are measures of fetal acid-base status and metabolic markers. 
It might be assumed that such di"erences mainly resulted from 
a greater placental transfer of ephedrine due to its higher lipid 
solubility when compared with catecholamines such as nor-
epinephrine or phenylephrine, and the followed stimulation of 
fetal b-adrenergic receptors to increase fetal metabolism [34].

An significant concern when using a vasopressor with an 
a-agonist is the reduction in uteroplacental blood flow. Previous 
studies have shown phenylephrine is associated with a lower 
umbilical artery or umbilical venous PO2 when compared with 
ephedrine, possibly attributable to its greater vasoconstriction 
property, resulting in a reduction of uteroplacental perfusion 
and an increase in oxygen extraction [35]. However, norepineph-
rine restored the decreased peripheral vascular resistance less 
than phenylephrine [9]. In 2010, Minzter et al. [36] reported that 
norepinephrine had no e"ect on fetal arterial perfusion pres-
sure and fetoplacental microcirculation was not compromised. 
In the present study, no di"erence in fetal umbilical artery PO2 
was detected, suggesting that norepinephrine might not com-
promise fetal oxygen supply when compared with ephedrine in 
a bolus regimen. A bolus of norepinephrine (4 µg) has a similar 
e!cacy for rescuing maternal hypotension but was associated 
with fewer cases of bradycardia compared with phenylephrine 
(50 µg), as well as more infrequent maternal tachycardia, IONV, 
a greater neonatal acid-base status, and umbilical artery pH 
compared with ephedrine (4 mg).

This study had several limitations. Uterine arterial blood flow 
was not measured to directly observe the e"ect of vasopres-
sors on uteroplacental perfusion, which is an important con-
sideration for women with preeclampsia. Secondly, other than 
BP, the other contributors to an increased incidence of IONV 
observed in women receiving ephedrine were not fully verified. 
Finally, the study endpoint was set at delivery, and whether 
or not norepinephrine has similar e!cacy and safety for he-
modynamic management throughout surgery required fur-
ther investigation.

Conclusions

A bolus dose of norepinephrine (4 µg) showed similar e!cacy 
for the maintenance of systolic blood pressure (SBP) when 
compared with bolus doses of phenylephrine (50 µg) and 
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ephedrine (4 mg) in parturient women with preeclampsia with 
hypotension during spinal anesthesia and cesarean section. 
However, there was improved maternal safety for norepineph-
rine (4 µg) when compared with phenylephrine (50 µg) and 
improved maternal and neonatal safety when compared with 
ephedrine (4 mg). Therefore, bolus norepinephrine may act 
as a promising alternative to phenylephrine or ephedrine to 

rescue maternal hypotension in parturients with preeclampsia 
during spinal anesthesia and cesarean section.
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Abstract

Background: The optimal choice of vasopressor drugs for managing hypotension during neuraxial anaesthesia for
Caesarean delivery is unclear. Although phenylephrine was recently recommended as a consensus choice, direct
comparison of phenylephrine with vasopressors used in other healthcare settings is largely lacking. Therefore, we
assessed this indirectly by collating data from relevant studies in this comprehensive network meta-analysis. Here, we
provide the possible rank orders for these vasopressor agents in relation to clinically important fetal and maternal
outcomes.
Methods: RCTs were independently searched in MEDLINE, Web of Science, Embase, The Cochrane Central Register of
Controlled Trials, and clinicaltrials.gov (updated January 31, 2019). The primary outcome assessed was umbilical arterial
base excess. Secondary fetal outcomes were umbilical arterial pH and PCO2. Maternal outcomes were incidences of
nausea, vomiting, and bradycardia.
Results: We included 52 RCTs with a total of 4126 patients. Our Bayesian network meta-analysis showed the likelihood
that norepinephrine, metaraminol, and mephentermine had the lowest probability of adversely affecting the fetal acid-
base status as assessed by their effect on umbilical arterial base excess (probability rank order: norepinephrine >
mephentermine > metaraminol > phenylephrine > ephedrine). This rank order largely held true for umbilical arterial pH
and PCO2. With the exception of maternal bradycardia, ephedrine had the highest probability of being the worst agent for
all assessed outcomes. Because of the inherent imprecision when collating direct/indirect comparisons, the rank orders
suggested are possibilities rather than absolute ranks.
Conclusion: Our analysis suggests the possibility that norepinephrine and metaraminol are less likely than phenyl-
ephrine to be associated with adverse fetal acid-base status during Caesarean delivery. Our results, therefore, lay the
scientific foundation for focused trials to enable direct comparisons between these agents and phenylephrine.

Keywords: Caesarean section, fetal outcomes; maternal outcomes, hypotension; network meta-analysis, vasopressors;
spinal anaesthesia
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52 RCTs; 4126 patients 

UA pH metaraminol > mephentermine > norepinephrine > phenylephrine > ephedrine 
UA BE norepinephrine > mephentermine > metaraminol > phenylephrine > ephedrine 
UA pCO2 norepinephrine > metaraminol > mephentermine > phenylephrine > ephedrine

Nausea/Vomiting metaraminol > norepinephrine > mephentermine > phenylephrine > ephedrine 
Bradycardia ephedrine > norepinephrine > mephentermine > metaraminol > phenylephrine 



Take Home Messages

üSpinal anesthesia primarily affects afterload; preload changes are less
üCrystalloid should be used in smaller amounts and as a co-load
üAortocaval compression alleviation is controversial, but may be important 

for some patients
üPrevention of hypotension is superior to treatment; keep SBP tight
ü Ephedrine the least preferred vasopressor (good choice in bradycardia)
üNorepinephrine may be superior to other alpha agonists 
üContinuous infusion or boluses are similarly effective (more studies needed)


