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Evidence-Based Prevention Strategies for 
the Management of Spinal Anesthesia-
Induced Hypotension in Healthy Parturients 
Undergoing Elective Cesarean Delivery
Shannon R. Noffsinger, DNAP, CRNA

OBJECTIVES:
Upon completion of the course, the learner will be able to:
1.  Describe the advantages and disadvantages of 

spinal anesthesia in healthy parturients undergoing 
elective cesarean delivery.

2.  Describe the basic physiology of spinal anesthesia-
induced hypotension.

3.  Identify unique risk factors for spinal anesthesia-
induced hypotension in parturients undergoing 
elective cesarean delivery.

4.  Describe the incidence and impact of spinal anes-
thesia-induced hypotension in parturients.

5.  Analyze the current evidence-based interventions 
for the prevention of spinal anesthesia-induced 
hypotension in parturients undergoing elective 
cesarean delivery.

The reported cesarean delivery rate in the United 
States is over 30%, with spinal anesthesia as the pre-
ferred technique for uncomplicated elective surgeries.1 
Advantages of spinal anesthesia in the parturient popula-
tion include excellent surgical analgesia, patient aware-
ness during fetal delivery, minimization of systemic 
medications with fetal transfer, avoidance of airway 
instrumentation, and low maternal morbidity.2,3

The reported incidence of spinal anesthesia-induced 
hypotension is as high as 70% to 80% without appro-
priate prophylaxis in healthy parturients.4 The pro-
found sympathetic blockade that occurs after spinal 
injection may subsequently lead to maternal nausea 
with or without vomiting, compromised uteroplacental 
perfusion, and fetal distress. Although multiple studies 
and meta-analyses have evaluated the etiology and 
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This article provides a systematic review of spinal anesthesia-induced hypotension in healthy 
parturients undergoing elective cesarean delivery.  Major topics of this review include 
the incidence, physiology, and current evidence-based strategies for prevention of spinal 
anesthesia-induced hypotension in this population.  The profound sympathetic blockade that 
occurs with spinal injection often results in maternal hypotension, which may quickly progress 
into nausea with or without vomiting and compromised uteroplacental perfusion. Given the 
high probability of these outcomes, anesthesia providers should consider effective evidence-
based interventions when implementing an anesthetic plan.  Evidence-based interventions 
that may prevent or at least attenuate spinal anesthesia-induced hypotension in parturients 
include both pharmacological and non-pharmacological strategies.
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prevention of spinal anesthesia-induced hypotension 
in parturients, identified gaps remain between current 
evidence and common clinical practice. This systematic 
review is intended to explore the physiology of spinal 
anesthesia-induced hypotension in parturients and to 
inform anesthesia providers of current best practices for 
pharmacological and non-pharmacological prevention.

LITERATURE REVIEW METHODS
An electronic literature search was performed using 
multiple databases, including EBSCO, Cumulative Index 
to Nursing and Allied Health Literature (CINAHL), 
PubMed, and the Cochrane Database. The following 
search terms were used: spinal anesthesia, hypotension, 
cesarean section, prophylaxis, prevention. Search terms 
were limited to article and abstract title. The search was 
also limited to research articles published within the last 
5 years. A seminal study from 1974 was included in this 
review, which first investigated the mechanisms of ma-
ternal hypotension related to spinal anesthesia and the 
physiologic responses to fluid and vasopressor therapies, 
inspiring many of the clinical practices still in use today. 
A 2005 study was also included in this review because it 
compared the efficacy of a phenylephrine infusion with a 
crystalloid fluid co-load versus a phenylephrine infusion 
alone in preventing spinal anesthesia-induced hypoten-
sion in parturients, which has not been reexamined by 
more recent original studies. Research article bibliogra-
phies provided additional references for this review.

PHYSIOLOGY OF SPINAL ANESTHESIA-
INDUCED HYPOTENSION IN PARTURIENTS
There are many proposed mechanisms for spinal anesthe-
sia-induced hypotension, including the direct vasodila-
tory effects of local anesthetics and relative, time-limited 
adrenal insufficiency, but the primary insult is a profound 
preganglionic sympathetic blockade.5,6 The block height 
determines the extent of sympathetic blockade and 
subsequent cardiovascular effects, although multiple 
factors make this relationship somewhat unpredictable. 
A dense neuraxial sensory blockade at the fourth tho-
racic dermatome level (T4) with sufficient sacral spread 
is required for cesarean delivery. Spinal anesthesia pref-
erentially blocks small, unmyelinated sympathetic fibers 
first, followed by myelinated sensory and motor fibers.7 
Sympathectomy may therefore occur 2 to 6 dermatome 
levels above the sensory level with a partial sympathetic 
blockade below it.7 This can potentially produce a partial 
or complete blockade of cardiac accelerator fibers (T1-
T4), leading to bradyarrhythmias, heart block, or even 
asystole. A reliable spinal anesthetic at the T4 level in-
variably causes sympathetic blockade and vasodilation 
with decreased venous blood return. The abrupt onset of 
sympathetic blockade allows little time for cardiovascular 
compensation and frequently results in maternal hypo-

tension, which may account for the similar sympathetic 
blockade achieved with epidural anesthesia but with 
lower incidence and severity of hypotension.8,9

Hypotension is often defined in the literature as either 
systolic blood pressure below 100 mmHg or a reduction 
of at least 20% from patient baseline.4 Hypotension in 
parturients is considered clinically significant when as-
sociated with maternal symptoms such as lightheaded-
ness, nausea, or vomiting, or with signs of compromised 
uteroplacental perfusion, such as fetal bradycardia or 
acidosis. Parturients have additional physiologic risk 
factors for spinal anesthesia-induced hypotension com-
pared with the general population. Aortocaval compres-
sion from a gravid uterus increases susceptibility to 
hypotension and hemodynamic instability after spinal 
anesthesia sympathectomy. Pregnancy increases base-
line sympathetic tone while the proliferation of vaso-
dilatory prostaglandins in parturients render them less 
responsive to vasopressors than non-pregnant women.10 
Uterine vasculature is not autoregulated, therefore, fe-
toplacental perfusion is dependent on maternal cardiac 
output.11 Despite these effects, spinal anesthesia for 
elective cesarean delivery is often preferred over epidur-
al techniques for its procedural simplicity, rapid onset 
of anesthesia, lower risk of systemic toxicity, and higher 
density of anesthetic blockade.

SPINAL ANESTHESIA-INDUCED HYPOTEN-
SION: PROPHYLACTIC METHODS
Intravenous (IV) fluid administration can moderate spinal 
anesthesia-induced hypotension. Clinical decision-mak-
ing includes fluid type (crystalloid or colloid), volume, 
timing with spinal injection (preload or co-load), and 
rate of administration. Current literature supports rapid 
administration of fluid volumes of at least 250-500 mL 
(or approximately 15 mL/kg). Although traditional prac-
tice endorses crystalloid fluid preloading, studies of IV 
fluid administration with spinal anesthesia suggest that 
there is no clinical advantage to crystalloid preloading 
versus co-loading in most parturients, and that crystal-
loid co-loading may be slightly more advantageous than 
preloading for moderating spinal hypotension.4,12,13 In a 
recent meta-analysis of 10 randomized controlled trials, 
the incidence of hypotension in parturients receiving a 
fluid preload was 57.8% versus 47.1% of those receiving 
a fluid co-load (95% CI = 1.11-2.37, P = .01).13 Fluid co-
loading is associated with a lower incidence and severity 
of hypotension and lower doses of vasopressor correc-
tion compared with fluid preloading, although the physi-
ologic basis for this is unclear.12,13 Researchers propose 
that crystalloid preload may stimulate atrial natriuretic 
peptide release prior to spinal injection, causing marked 
peripheral vasodilation and increased hydrostatic pres-
sure within the vascular compartment that subsequently 
leads to extravascular fluid displacement.12,13
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Some studies suggest that colloids may be more ef-
fective than crystalloids in preventing spinal anesthesia-
induced hypotension and reducing its severity.14,15 One 
meta-analysis of 27 studies including 2,009 parturients 
found that the incidence of hypotension was lower in 
the colloid group compared with the crystalloid group.16 
Although the researchers note the quality of evidence 
was very low, these findings are likely attributable to 
the longer intravascular dwell time of colloids compared 
with crystalloids.16 The cost and potential side effects 
of colloids (e.g., pruritis, allergic reactions, pulmonary 
edema, coagulopathies) have moderated widespread use 
in clinical practice for healthy parturients despite its pur-
ported benefits. Preloading or co-loading fluid, whether 
crystalloid or colloid, is often ineffective at preventing 
spinal anesthesia-induced hypotension when used alone 
despite improvement to maternal cardiac output.14,15,17

Nearly 50 years ago, the mixed alpha- and beta-
adrenergic receptor agonist ephedrine became the pre-
ferred agent for treating maternal hypotension. Its 
purported efficacy and apparent superiority over other 
vasopressors in maintaining uterine blood flow following 
spinal injection was based on studies of pregnant ewes 
and other gravid animal models that closely approxi-
mated human uteroplacental physiology.18 Other agents, 
such as phenylephrine, were also successful in restoring 
maternal blood pressure but were presumed to decrease 
uterine arterial blood flow and fetal umbilical arterial 
pH.18 However, more recent studies demonstrate favor-
able fetal acid-base balance and uteroplacental blood 
flow with phenylephrine therapy, which likely reflect in-
terspecies differences in vascular smooth muscle physi-
ology and drug metabolism.

Vasopressors are typically more effective than fluid 
administration alone in preventing spinal anesthesia-
induced hypotension. Phenylephrine is more or equally 
effective compared with ephedrine for correction of 
maternal hypotension, a lower incidence of fetal acidosis 
and base imbalance, and possibly more favorable Apgar 
scores.19,20 In one double-blinded study, 125 healthy 
parturients undergoing elective cesarean delivery were 
randomly assigned to receive a 100%, 75%, 50%, 25%, or 
0% phenylephrine infusion combined with a 0%, 25%, 
50%, 75%, or 100% ephedrine infusion, respectively. 
Infusions were adjusted to maintain maternal blood 
pressure near patient baseline. Researchers found that 
as the proportion of ephedrine increased, maternal he-
modynamic control and fetal acid-base status became 
less favorable.21 These findings may be attributed to the 
ability of ephedrine to readily cross the placenta, pro-
ducing higher fetal concentrations of lactate, glucose, 
and catecholamines.22,23

The use of norepinephrine for the prevention and 
treatment of spinal anesthesia-induced hypotension in 
parturients has attracted more attention in clinical re-

search in recent years. Its alpha-adrenergic properties 
produce similar vasoconstrictive effects as phenyleph-
rine, while its mild beta-adrenergic properties avoid 
the dose-dependent reflex bradycardia and decreased 
cardiac output, all of which would theoretically attenu-
ate the undesirable hemodynamic changes in parturients 
following spinal injection. In one randomized controlled 
trial comparing norepinephrine and phenylephrine pro-
phylactic infusions, parturients receiving norepinephrine 
demonstrated a higher cardiac output and a lower inci-
dence of bradycardia with similar neonatal outcomes.24 
Despite a growing interest in the use of norepinephrine 
for this purpose, there are a limited number of high-
quality studies to date that have investigated its safety 
and efficacy in this specific population.24-28 The clinical 
significance of norepinephrine’s hemodynamic benefits 
over phenylephrine in healthy parturients undergoing 
elective cesarean delivery remains poorly defined in 
the literature, particularly when the use of vasopressor 
therapy is expected to be relatively short in duration. 
Anesthesia providers should also weigh any clinical 
benefits of norepinephrine with the possibility of known 
adverse outcomes, such as potential extravasation and 
tissue injury following administration through peripheral 
venous access, prior to prophylactic use in this popula-
tion. Further research into the effects of norepinephrine 
on maternal-fetal physiology and comparative outcomes 
to other vasopressors is needed before routine use as a 
preventative agent for spinal anesthesia-induced hypo-
tension in healthy parturients.

Whether vasopressors are best administered as a 
prophylactic infusion or bolus for preventing spinal 
anesthesia-induced hypotension, as well as appropri-
ate doses or infusion rates, are subject to a consider-
able amount of clinical debate. Vasopressor infusion 
titration may require frequent rate adjustments and be 
more cumbersome to some providers, while vasopressor 
boluses may result in wider hemodynamic fluctuations. 
Prophylactic phenylephrine infusion rates of 25-100 µg/
min initiated shortly before spinal injection in parturients 
presenting for elective cesarean delivery are frequently 
described in the literature.21,29 Fewer interventions to 
maintain a systolic blood pressure within 20% of patient 
baseline are required when phenylephrine infusions are 
started between 25 and 50 µg/min and titrated to effect 
compared with infusions started between 75 and 100 
µg/min, which frequently require more interventions to 
correct reactive hypertension.6,21

Higher doses of ephedrine are often necessary for 
comparable prophylaxis. A dose-response study investi-
gating the use of a 10-, 20-, or 30-mg IV bolus of ephed-
rine versus a saline control prior to spinal injection in 
parturients undergoing elective cesarean delivery found 
that the smallest effective dose of ephedrine to reduce 
the incidence of hypotension was 30 mg.21 However, the 
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30-mg dose of ephedrine was also associated with the 
highest incidence of umbilical arterial pH < 7.2 (42% vs. 
22% in the control group).21 Theoretically the admin-
istration of both phenylephrine and ephedrine could 
effectively prevent hypotension while avoiding the sub-
sequent reflex bradycardia from phenylephrine and fetal 
acidosis from ephedrine. Various ratios of ephedrine 
and phenylephrine co-administered by infusion, bolus, 
or some combination of both have been studied, but no 
particular combination of ephedrine and phenylephrine 
that consistently prevents hypotension while avoiding 
the undesirable side effects of either agent have been 
identified in the literature.16,21

When administered 5 minutes prior to spinal injec-
tion, one study demonstrated that 5 mg of intramus-
cular phenylephrine resulted in more stable maternal 
hemodynamics than a 100-mcg IV bolus of phenyleph-
rine.30 The researchers did not compare the efficacy 
of intramuscular phenylephrine with IV phenylephrine 
infusions, also noting that a pre-spinal injection admin-
istration of intramuscular vasopressors could result in 
unattenuated maternal hypertension in the event that 
spinal anesthesia failed.30 Other studies investigating the 
prophylactic use of intramuscular ephedrine for spinal 
anesthesia-induced hypotension in parturients demon-
strate similar limitations. In one trial, maternal hemody-
namics were more stable in parturients who received a 
25-mg intramuscular injection of ephedrine with spinal 
anesthesia (11.5% incidence of hypotension) versus those 
who only received a crystalloid preload bolus (88.5% in-
cidence of hypotension).31 However, researchers did not 
standardize the crystalloid volume administered in the 
preload-only group, investigate fetal effects of intramus-
cular ephedrine, or compare the efficacy of intramuscu-
lar ephedrine with phenylephrine. While the effects of 
intramuscular vasopressors on fetal status and maternal 
hemodynamics following spinal injection is not well un-
derstood, some anesthesia providers may choose intra-
muscular administration of phenylephrine or ephedrine 
to attenuate spinal anesthesia-induced hypotension in 
the event of peripheral venous access loss or to establish 
a longer duration of maternal cardiovascular support.

The combination of fluid and vasopressor adminis-
tration may be the most effective and reliable method 
of preventing spinal anesthesia-induced hypotension. 
In a 2005 randomized study, researchers found that the 
incidence of spinal anesthesia-induced hypotension was 
nominally small (1.9%) in the group of parturients receiv-
ing a rapid co-load of crystalloids and a prophylactic 
phenylephrine infusion starting at 100 µg/min, whereas 
the incidence of hypotension in the randomized group 
of parturients receiving only phenylephrine was greater 
than 25% with no observed differences in neonatal out-
comes between the two groups.32 More recent meta-
analyses support these findings.16,33

Prophylactic ondansetron, a 5-hydroxytryptamine-3 
(5-HT3 or serotonin) receptor antagonist, may also 
reduce the incidence and severity of spinal-anesthesia 
induced hypotension. The proposed mechanism of action 
is inhibition of the Bezold-Jarisch reflex that occurs with 
spinal anesthesia sympathectomy and reduced venous 
return, resulting in bradycardia, vasodilation, and hy-
potension.34 The reflex is partially mediated by 5-HT3 
subtype receptors within the left ventricle.34 Systemic 
hypotension triggers the release of serotonin, which 
binds to these receptors and elicits the reflex response. 
Antagonism of 5-HT3 receptors by ondansetron theo-
retically suppresses bradycardia, vasodilation, and hy-
potension induced by this reflex pathway.34 Two meta-
analyses of randomized control trials found that 4 mg 
of ondansetron administered 5 minutes prior to spinal 
injection for elective cesarean delivery reduced the 
frequency of hypotension, lowered vasopressor rescue 
dosing, and decreased the incidence of bradycardia.34,35 
However, many of the reviewed studies had small, het-
erogeneous samples and extrapolating these research 
findings to the general parturient population is problem-
atic. Further research is warranted before promoting the 
routine use of ondansetron as a prophylactic agent for 
spinal anesthesia-induced hypotension, although anes-
thesia providers intending to administer ondansetron as 
an antiemetic may consider timing the dose at or shortly 
before spinal injection.

Lower doses of intrathecal local anesthetics are as-
sociated with a lower incidence of maternal hypotension 
compared with higher doses (e.g., ≤ 8 mg vs. > 10 mg hy-
perbaric bupivicaine).36 However, anesthesia providers 
choosing to administer a low-dose spinal local anesthetic 
(e.g., ≤ 8 mg of bupivacaine) for elective cesarean deliver-
ies should also consider the possibility of needing more 
supplemental analgesia intraoperatively or conversion 
to a general anesthetic. Anesthesia providers should also 
consider combining a low-dose spinal anesthetic with 
a catheter-based technique (continuous spinal or com-
bined spinal-epidural), given that the effective dose of 
intrathecal hyperbaric bupivacaine in 50% of parturients 
(ED50) to achieve surgical anesthesia is approximately 8 
mg and the effective dose in 95% of parturients (ED95) is 
approximately 12 mg, to avoid the clinical sequelae of a 
failed surgical neuraxial block.36

Physical methods of preventing spinal anesthesia-
induced hypotension include lower limb pneumatic se-
quential compression devices, which appear to offer 
some protection against spinal anesthesia-induced hypo-
tension and may further assist in preventing thromboem-
bolic events.16 A Cochrane systematic review found that 
pneumatic sequential compression devices may offer 
marginally better protection against spinal anesthesia-
induced hypotension in parturients than crystalloid fluid 
preloading, although researchers note the quality of evi-
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dence for this is low.16 More research is needed to better 
quantify their efficacy, but there is no evidence at this 
time to suggest physical methods alone are protective 
against spinal anesthesia-induced hypotension.

LIMITATIONS
Defining hypotension can be problematic. Some clinical 
definitions utilize a single benchmark (e.g., 20% decrease 
from baseline) while others consider a combination of 
data points (e.g., 20% decrease from baseline or systolic 
blood pressure below 100 mmHg). More than 15 defini-
tions of hypotension have been identified in the lit-
erature.16 Depending on the definition, the incidence of 
spinal anesthesia-induced hypotension in one cohort of 
parturients fluctuated between 7.4% and 74.1%.16

The literature search also produced a large number 
of small studies with little or no description of random-
ization methods, allocation concealment, and blinding, 
which limits the ability to identify useful clinical appli-
cations. A significant degree of heterogeneity for some 
comparisons was also evident, such as with crystalloid 
versus colloid fluids, preload versus co-load, ephedrine 
versus phenylephrine, and vasopressor versus control. 
The high level of heterogeneity between studies likely 
reflects differences in study design interventions and 
anesthetic techniques. Only studies with “healthy” par-
turients undergoing elective cesarean delivery were 
included in this review, but this term was poorly defined 
across the literature while population inclusion and 
exclusion factors were only sometimes described. The 
etiology of spinal anesthesia-induced hypotension in 
parturients is complex and multifactorial, and therefore 
its incidence and severity are difficult to reliably predict 
from patient to patient.

CONCLUSIONS
Parturients receiving spinal anesthesia for elective cesar-
ean delivery are at higher risk of hypotension with sub-
sequent hemodynamic instability, nausea with or without 
vomiting, and fetal compromise compared with those 
receiving epidural or general anesthesia. The incidence 
of spinal anesthesia-induced hypotension is unaccept-
ably high given the evidence-based prevention strategies 
available. Current evidence supports rapid crystalloid 
preload or co-load administration (~ 15 mL/kg) for oth-
erwise healthy parturients receiving spinal anesthesia 
for elective cesarean delivery, but that spinal injection 
should not be delayed to preload a fixed fluid volume.16 
The American Society of Anesthesiologists 2016 Practice 
Guidelines for Obstetric Anesthesia are consistent with 
these findings.37 Anesthesia providers may consider a 
colloid preload of 250-500 mL for healthy parturients at 
high risk for maternal hypotension and adverse sequelae 
following spinal injection (e.g., baseline hypovolemia), 
but should take into account possible patient risks.16 

Current evidence also supports the routine administra-
tion of a prophylactic IV phenylephrine infusion at 25-50 
µg/min prior to spinal injection and titrated to patient 
response,6,21 with additional rescue bolus doses of phen-
ylephrine or ephedrine based on patient assessment.16 

This is consistent with recommendations from the 2018 
International Consensus Statement from The Association 
of Anaesthetists of Great Britain and Ireland.38 IV on-
dansetron given prophylactically may help reduce the 
incidence and severity of hypotension although current 
evidence is limited.16.34.35 A small dose of local anesthetic 
lowers the risk of maternal hypotension, but given that 
additional doses are often needed for cesarean delivery, 
anesthesia providers should strongly consider a cath-
eter-based technique with this strategy.36 Lower limb 
compression garments or devices may assist in moderat-
ing hypotension but are not likely to be effective when 
used alone.16 Implementation of existing practice guide-
lines and current research in facilities providing care for 
obstetric patients is essential to decreasing the incidence 
and severity of spinal anesthesia-induced hypotension in 
parturients undergoing elective cesarean delivery.
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