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Spinal Anesthesia in Severe Preeclampsia

Vanessa G. Henke, MD,*{ Brian T. Bateman, MD,T and Lisa R. Leffert, MDY

Spinal anesthesia is widely regarded as a reasonable anesthetic option for cesarean delivery
in severe preeclampsia, provided there is no indwelling epidural catheter or contraindication to
neuraxial anesthesia. Compared with healthy parturients, those with severe preeclampsia expe-
rience less frequent, less severe spinal-induced hypotension. In severe preeclampsia, spinal
anesthesia may cause a higher incidence of hypotension than epidural anesthesia; however,
this hypotension is typically easily treated and short lived and has not been linked to clinically
significant differences in outcomes. In this review, we describe the advantages and limitations
of spinal anesthesia in the setting of severe preeclampsia and the evidence guiding intraopera-
tive hemodynamic management. (Anesth Analg 2013;117:686-93)

is a significant cause of maternal and neonatal mor-

bidity and mortality' and was implicated in 54 of 569
maternal deaths in the United States in 2006.2 Characterized
by hypertension and proteinuria after 20 weeks’ gestation,
the pathophysiologic basis of preeclampsia is deranged
angiogenesis with incomplete trophoblastic invasion lead-
ing to small, constricted myometrial spiral arteries with
exaggerated vasomotor responsiveness, superficial pla-
centation, and placental hypoperfusion. Symptomatic pre-
eclampsia reflects widespread endothelial dysfunction, in
which placenta-derived mediators cause multisystem organ
dysfunction.?

Preeclamptic parturients whose hypertension has been
treated antepartum generally present for delivery with
contracted plasma volume, normal or increased cardiac
output, vasoconstriction, and hyperdynamic left ventricu-
lar function (although left ventricular systolic and diastolic
dysfunction may develop). Additional manifestations
include increased airway edema, decreased glomerular fil-
tration, platelet dysfunction, and a spectrum of hemostatic
derangements (typically accentuated hypercoagulability).*
In severe preeclampsia, chronic placental hypoperfusion
is often significant. Since the uteroplacental circulation is
not autoregulated, further decreases in perfusion may be
poorly tolerated by the fetus. Primary peripartum goals in
the severely preeclamptic parturient are the optimization of
maternal blood pressure, cardiac output, and uteroplacental
perfusion and the prevention of seizures and stroke.

Historically, a pervasive belief that spinal anesthesia in
patients with severe preeclampsia causes severe hypoten-
sion and decreased uteroplacental perfusion prevented
the widespread use of spinal anesthesia in these patients.

Preeclampsia, which affects 5% to 7% of pregnancies,
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However, studies show that parturients with severe pre-
eclampsia experience less frequent, less severe hypotension
than healthy parturients. Among patients with severe pre-
eclampsia, spinal anesthesia may cause a greater degree of
hypotension than epidural anesthesia; however, this hypo-
tension is typically easily treated and short lived, and no
studies have demonstrated clinically significant differences
in outcomes when spinal anesthesia is compared with epi-
dural or general anesthesia. Risk-benefit considerations
strongly favor neuraxial techniques over general anesthe-
sia for cesarean delivery in the setting of severe preeclamp-
sia as long as neuraxial anesthesia is not contraindicated.
Therefore, spinal anesthesia is a reasonable anesthetic
option in severe preeclampsia when cesarean delivery is
indicated, and there is no indwelling epidural catheter or
contraindication to spinal anesthesia.

SPINAL ANESTHESIA AND HYPOTENSION IN
SEVERE PREECLAMPSIA

Hypotension after spinal anesthesia in severely preeclamp-
tic patients may reflect the rapid onset of sympathetic
blockade, underlying intravascular volume depletion, and
possible left ventricular dysfunction. Longstanding obsta-
cles to widespread use of spinal anesthesia for patients
with preeclampsia were concerns about (1) precipitous spi-
nal anesthesia—induced hypotension, superimposed on (2)
preexisting uteroplacental hypoperfusion and (3) the risk
of inducing hypertension or pulmonary edema with sub-
sequent efforts to correct the hypotension.® While there was
evidence as early as 1950 that preeclampsia actually attenu-
ates spinal anesthesia—induced hypotension,”® it was not
until the mid-1990s, when clinical trials demonstrated the
safety of spinal and combined spinal-epidural (CSE) anes-
thesia in this patient population,’! that spinal anesthesia
gained acceptance as an alternative to epidural and general
anesthesia for preeclamptic patients.

Most trials assessing the severity of hypotension after
spinal anesthesia among severely preeclamptic parturients
exclude patients in active labor because labor itself attenu-
ates the frequency and severity of the hypotensive response
to neuraxial anesthesia during cesarean delivery.!>? Most
studies are relatively small (1 < 150), and the details of pre-
operative antihypertensive and magnesium regimens vary.

Three prospective trials have demonstrated that pre-
eclamptic parturients experience less frequent and less
severe hypotension and require smaller doses of vasopres-
sors than normotensive controls after the initiation of spinal
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Spinal Anesthesia in Severe Preeclampsia

anesthesia (Table 1). A potential limitation of an initial study
by Aya et al.'* was that mean gestational age and fetal
weight were significantly lower in the severely preeclamp-
tic group compared with the normotensive group. Resulting
intergroup differences in degree of aortocaval compres-
sion could have contributed to the finding that hypoten-
sion was less severe in the preeclamptic group. Similarly,
a study by Clark et al.”® did not control for fetal weight or
gestational age. To correct for this limitation, a follow-up
study by Aya et al.’® studied preterm parturients present-
ing for nonemergency cesarean delivery and matched the
normotensive and preeclamptic patients for gestational age
(neonatal and placental weights were also comparable). The
severely preeclamptic group experienced a lower incidence
of hypotension requiring treatment (25% vs 41%, P = 0.044)
and received a lower mean cumulative ephedrine dose (10
vs 16 mg, P = 0.031) compared with the normotensive con-
trol group. These findings indicate that spinal anesthesia
can be safely administered to severely preeclamptic par-
turients undergoing nonemergency cesarean delivery and
that spinal anesthesia—induced hypotension can generally
be treated safely.

SPINAL VERSUS EPIDURAL ANESTHESIA IN
SEVERE PREECLAMPSIA

It was traditionally believed that epidural is safer than spi-
nal anesthesia in the setting of severe preeclampsia because
epidural anesthesia was expected to confer a lower risk of
clinically significant hypotension.® Studies are inconsistent
as to whether hypotension is more severe after spinal anes-
thesia as compared with epidural anesthesia. However,
the most rigorous study addressing this question, by
Visalyaputra et al.,'® concluded that although severely pre-
eclamptic patients did experience more severe hypotension
after spinal anesthesia than after epidural anesthesia, that
difference was unlikely to be clinically significant.

Earlier studies had reported that vasopressor require-
ments for severely preeclamptic parturients were simi-
lar when comparing spinal with epidural anesthesia!'”'®
(Table 2) and when comparing CSE with epidural anesthesia
(Table 3).° Limitations of these early studies included small
sample size,” retrospective design'® and heterogeneous
populations, and approaches to fluid'7'8 and vasopressor8
administration. In contrast, Visalyaputra et al.'® conducted
a larger, multicenter randomized controlled trial involving
100 severely preeclamptic parturients (Table 2). Spinal anes-
thesia was associated with a higher incidence (51% vs 23%,
P < 0.001) of hypotension (defined as systolic blood pres-
sure <100 mm Hg) during the 20 minutes after induction of
anesthesia. However, the difference in median cumulative
ephedrine dose was small (epidural group: 6 mg vs spinal
group: 12 mg; P = 0.025). In both groups, hypotension was
easily treated and short lived, with the median duration of
hypotension 1 minute or less in both groups. Furthermore,
some of the intergroup differences may have been magnified
by institutional differences in clinical practice and the ephed-
rine dosing scales that were used.” No study has reported
clinically significant differences in markers of neonatal well-
being, such as Apgar scores or umbilical artery pH.>16-18

As emphasized by practice guidelines from the American
Society of Anesthesiologists (ASA)* and the American

September 2013 e Volume 117 e Number 3

(2]
-
<
i
—
-
t=
™
[\]
o
[
=
(7]
[
[}
-
(=]
£
F
(=]
=z
=
=
H
2
-
(=3
£
i
Q
(1]
(3
B
o
=
o
P
o
>
-]
(7]
=
()]
Q
o
o
1]
=
($)
=
£
©
f=
>
<
(=]
£
(V]
==
o
=
=
1]
(=3
£
[=]
o
&
i
=)
=
[
=
=
Q
(1]
(=3
(7]
(=]
I
o
w
2
s
-

Important characteristics
Matched for gestational age
Different ephedrine dosing

Conclusions
Lower incidence of hypotension

Fluid management
1.5-2.0 L crystalloid preload

Ephedrine dose
For SBP <70% of baseline,

Spinal dose

Hyperbaric

Sample size
Severely preeclamptic

Author, study type

Aya et al.,'® prospective

0.04) and

(25% vs 41%, P

or (for healthy group)
for SBP <100 mm Hg;:

(n = 65); normotensive bupivacaine

(n=71)

case-control

criteria for each group

less ephedrine used (10 £ 5

vs 16 £ 6 mg, P

(8-12 mg) +

0.03) in

ephedrine 6 mg (every

sufentanil (3-5

severely preeclamptic versus

healthy group

2 min before, every 5 min

after delivery)

pg) + morphine
(100 pg)
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Data are presented as incidence (%), mean + SD.

SBP = systolic blood pressure.
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Spinal Anesthesia in Severe Preeclampsia

College of Obstetricians and Gynecologists (ACOG),* neur-
axial anesthetic techniques, when feasible, are strongly pre-
ferred to general anesthesia for preeclamptic parturients.
Early epidural catheter placement in laboring preeclamptic
parturients is encouraged, since it secures a means of deliv-
ering neuraxial anesthesia (avoiding the risks of general
anesthesia) in the event that an emergency cesarean delivery
is required. Additional benefits of epidural labor analgesia
are reduced oxygen consumption and minute ventilation
during the first and second stages of labor* and, in pre-
eclamptic parturients, improved intervillous blood flow?
(provided that hypotension is avoided) and decreased
maternal plasma catecholamines.? Consequently, for com-
plicated cases such as parturients with preeclampsia, the
ASA practice guideline recommends early epidural or spi-
nal catheter placement, “which may even precede onset of
labor or the patient’s request for analgesia.”?

In preeclampsia, spinal anesthesia is generally consid-
ered for cesarean delivery when there is no indwelling
epidural catheter or there is a contraindication to neuraxial
anesthesia (e.g., coagulopathy, eclampsia with persistent
neurologic deficits). Spinal anesthesia affords quicker onset
of anesthesia than epidural or CSE anesthesia, which is a
critical advantage in emergency situations. In the setting
of severe hemodynamic instability or if a particularly long
operative time is anticipated, an alternative titratable neur-
axial technique such as epidural, CSE, or continuous spinal
anesthesia should be considered.

SPINAL VERSUS GENERAL ANESTHESIA
For most of the severely preeclamptic population, the risk—
benefit profiles of spinal anesthesia and general anesthesia
strongly favor the use of spinal anesthesia when feasible.
Important factors to consider are the risks of clinically sig-
nificant maternal hemodynamic derangements, difficult air-
way management, stroke, spinal/epidural hematoma, and
adverse neonatal outcomes. As described earlier, in severely
preeclamptic patients, spinal anesthesia—induced hypoten-
sion is typically easily treated, the risk of spinal/epidural
hematoma is low, and there is no evidence that neonatal
outcomes are compromised. In contrast, potential compli-
cations of general anesthesia, such as hypertensive crisis,
stroke, and difficult airway management, are leading causes
of morbidity and mortality in the preeclamptic population.
Therefore, in the majority of severely preeclamptic patients,
who are not coagulopathic or thrombocytopenic, the risk of
difficult or failed airway management and delayed recogni-
tion of maternal stroke during a general anesthetic are felt to
exceed the risk of adverse outcomes from spinal anesthesia—-
induced hypotension or spinal/epidural hematoma.?’
Peripartum pharyngeal and glottic edema are accen-
tuated in preeclamptic parturients,®* and the risks of dif-
ficult/failed laryngoscopy and intubation are greater
among preeclamptic parturients than healthy parturients.”
Traumatic laryngoscopy may trigger pharyngeal or hypo-
pharyngeal bleeding, further obscuring visualization of the
airway. Although the absolute risks of general anesthesia
(failed/difficult airway management, hypertension with
direct laryngoscopy, delayed recognition of stroke under
general anesthesia, and aspiration) are low even among

September 2013 e Volume 117 e Number 3

preeclamptic parturients, the risk of difficult airway man-
agement is a compelling reason to favor neuraxial anesthe-
sia. Closed claims analysis from the United Kingdom from
2006 to 2008 identified poor management of preeclampsia
as one of the main categories in which poor perioperative
management may have contributed to maternal death.*

Severe preeclampsia is also a leading cause of peripar-
tum hemorrhagic stroke.” During direct laryngoscopy and
intubation, severely preeclamptic parturients experience
significantly larger increases in arterial blood pressure and
middle cerebral artery velocity compared with healthy par-
turients.” Cerebral hypertension may, in turn, precipitate
hemorrhagic stroke. Hemorrhagic stroke was the leading
direct cause of mortality in patients with severe preeclamp-
sia according to the most recent analysis by the United
Kingdom Center for Maternal and Child Enquiries.” If gen-
eral anesthesia is necessary, equipment should be immedi-
ately available to manage a difficult airway, and every effort
should be made to blunt the hemodynamic response to
laryngoscopy (e.g., via a bolus of an antihypertensive drug
or remifentanil).’03!

One study has been designed to detect differences in
maternal or neonatal outcomes associated with the use
of spinal anesthesia compared with general anesthesia
in severe preeclampsia. Dyer et al.*> prospectively com-
pared umbilical arterial fetal base deficit and other mark-
ers of maternal and neonatal well-being in 70 preeclamptic
patients undergoing cesarean delivery due to nonreassuring
fetal heart rate tracings, randomized to receive either spinal
or general anesthesia (Table 4). The study was powered to
detect an intergroup difference in the primary outcome,
the incidence of umbilical arterial base deficit >8 mEq/L.
In both groups, mean umbilical arterial base deficit values
were within the range considered normal for vaginal deliv-
ery (<10), although the spinal group had a higher mean
umbilical arterial base deficit (7.1 vs 4.7 mEq/L, P = 0.02)
and a lower median umbilical arterial pH (7.20 vs 7.23, P =
0.046). There were no significant intergroup differences in
other markers of neonatal compromise, including require-
ment for neonatal resuscitation, Apgar score <7, umbilical
arterial pH <7.2, and need for neonatal intermittent positive
pressure ventilation. Maternal heart rate and arterial blood
pressure values were also acceptable in both groups.

Notably, in the Dyer et al.? study, the mean ephedrine
dose (14 vs 3 mg, P = 0.002) was significantly higher in the
spinal anesthesia group. The authors point out that there
was no correlation between ephedrine use and neona-
tal base deficit in either group. Of note, post hoc analysis
showed that unless diastolic blood pressure exceeded 110
mm Hg, there was no intergroup difference in neonatal base
deficit. However, the clinical significance of this observa-
tion remains unknown, especially since the study was not
powered to assess this subset of patients. The trend toward
lower umbilical arterial pH in the spinal group, in which
ephedrine doses were higher, has prompted some authors®
to recommend phenylephrine as the first-line vasopressor
in severe preeclampsia. This recommendation is consistent
with the finding that, in some studies, ephedrine is associ-
ated with greater fetal acidemia than phenylephrine among
healthy parturients presenting for cesarean delivery.®

www.anesthesia-analgesia.org 689


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



&8 FOCUSED REVIEW

STRATEGIES TO REDUCE NEURAXIAL
ANESTHESIA-INDUCED HYPOTENSION

In preeclamptic women, a prophylactic crystalloid bolus
before spinal anesthesia increases central venous pressure
for <2 minutes.”® Preeclamptic parturients are at increased
risk of pulmonary edema due to increased capillary per-
meability, decreased colloid oncotic pressure, increased
hydrostatic pressure, and, in some cases, left ventricular
dysfunction. Given the transient impact of IV fluid boluses
on central venous pressure and the increased susceptibil-
ity of preeclamptic parturients to pulmonary edema, trials
involving severely preeclamptic parturients have used judi-
cious crystalloid doses (Table 2). This practice is consistent
with the shift toward less perioperative crystalloid adminis-
tration to healthy parturients, which reflects evidence that
fluid boluses, by themselves, do not prevent hypotension.
No studies have specifically addressed fluid management
for spinal anesthesia in preeclampsia. Prophylactic phenyl-
ephrine infusions have not been studied in the setting of
uteroplacental insufficiency, and there is insufficient evi-
dence to suggest their evidence-based use in the preeclamp-
tic population.

One strategy to minimize hemodynamic disruption
(in cases of significant fetal compromise, with reversal of
umbilical artery end-diastolic flow) is CSE anesthesia using
a small intrathecal local anesthetic dose.?> The incidence of
spinal anesthesia-induced hypotension is local anesthetic
dose dependent, thus CSE compared with single-shot spi-
nal anesthesia has been shown to be associated with a lower
risk of hypotension.’* However, no studies have compared
CSE with spinal anesthesia in severe preeclampsia.

Important
characteristics
group received
more ephedrine
(14+18vs 39

=0.002)

Spinal anesthesia
mg, P

Conclusions
0.046) and larger

0.02)

artery pH (7.20 [range:

6.93-7.34] vs 7.23
[range: 7.05-7.4],

lower median umbilical
P

mean umbilical artery
base deficit (7.1 + 4.0
vs 4.7 + 3.3 mEq/L,

Spinal anesthesia group:
P

Ephedrine dosing
baseline: ephedrine
5 mg every minute,
until SBP £ 25% of
baseline

For SBP <100 mm
Hg, or SBP <75%

Prehydration

<750 mL
crystalloid

HEMODYNAMIC MONITORING DURING SPINAL
ANESTHESIA IN SEVERE PREECLAMPSIA

The spectrum of hemodynamic profiles observed in severe
preeclampsia reflects disease severity,*” whether hyper-
tension has been treated®* and varied approaches to
antihypertensive therapy and comorbidities. Among non-
laboring, term preeclamptic parturients, the incidence of
global diastolic dysfunction, typically mild, is 40%.* The
ASA practice guidelines for obstetric anesthesia state that
the literature is silent or insufficient to determine whether
invasive hemodynamic monitoring improves outcomes in
women with pregnancy-related hypertensive disorders.
No specific monitor has been proven to impact maternal or
fetal outcomes in the setting of preeclampsia.?’ An arterial
catheter can facilitate detection and treatment of blood pres-
sure changes, especially in patients with severe or volatile
hypertension. Echocardiography can provide information
about volume status and cardiac function. In preeclamp-
sia, central venous pressure often does not correlate with
pulmonary capillary wedge pressure,*’ which in turn may
not reflect left ventricular stroke work.* Also, pulmonary
artery and central venous catheters confer a reported 4%
risk of complications among hypertensive parturients.*?
Proponents of less invasive monitors that estimate stroke
volume, such as arterial waveform analysis® and imped-
ance cardiography, highlight the favorable risk-benefit
ratio and the correlation of these data (in the early postpar-
tum period among severely preeclamptic patients)** with
thermodilution-derived measurements. Further evaluation
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General anesthesia dose
isoflurane (0.75-1.5), nitrous
oxide (50%); after delivery:
morphine 0.05-0.10 mg/kg

Thiopentone 5 mg/kg,
suxamethonium 1.5 mg/

kg, magnesium sulfate
30-45 mg/kg; end-tidal

9 mg + fentanyl

Spinal dose
10 pg

bupivacaine

Hyperbaric

Sample size

Spinal (n = 35) versus
general (n = 35)
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Data are presented as mean + SD, median [range], or as a percentage.

Dyer et al.,®2 prospective
SBP = systolic blood pressure.
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Spinal Anesthesia in Severe Preeclampsia

of these monitors in the peripartum management of severe
preeclampsia is ongoing.#54¢

COAGULOPATHY
In preeclampsia, endothelial dysfunction can stimulate exces-
sive platelet activation and consumption, which may con-
tribute to the increased incidence of thrombocytopenia. The
incidence of spinal-epidural hematoma among preeclamp-
tic patients undergoing neuraxial procedures is unknown.
Large survey studies have found that the incidence of spi-
nal-epidural hematoma after neuraxial anesthesia is lower
among parturients than the general population.**° These
studies have also shown that whether*” or not*# analysis is
limited to parturients, spinal-epidural hematoma is less com-
mon after spinal anesthesia than CSE or epidural anesthe-
sia. However, retrospective studies may underestimate the
incidence of spinal-epidural hematoma and/or the number
of neuraxial techniques performed. Evidence suggests that
the incidence of spinal-epidural hematoma has increased
since the 1990s.” In large retrospective reviews*4® and case
reports,™ laboratory evidence of deranged hemostasis was
found in a large proportion of pregnant and nonpregnant
patients who developed spinal-epidural hematomas after
neuraxial procedures. In 1 large retrospective study,” the
only 2 cases of obstetric spinal-epidural hematoma occurred
in patients with the syndrome of hemolysis, elevated liver
enzymes, and low platelets. Spinal anesthesia may confer a
lower risk of spinal/epidural hematoma than CSE or epi-
dural anesthesia, since smaller caliber needles are associated
with a lower incidence of spinal hematoma®' and single-shot
spinal anesthesia avoids the risks of an indwelling catheter.
While there is no definitive data for a “safe” platelet
count, based on a consensus statement from the American
Society of Regional Anesthesia® and case series data,> expert
opinions from the hematology literature® and from the
American Society of Hematologists pertaining to immune
thrombocytopenia,® many anesthesiologists require a plate-
let count of at least 75,000 or 80,000/ pL (and, if the platelet
count is <150,000/pL, normal partial thromboplastin [PTT]
and prothrombin [PT] times) before initiating spinal anes-
thesia in patients with severe preeclampsia.”® The ASA prac-
tice guidelines advise that “the use of a platelet count may
reduce the risk of anesthesia-related complications” in pre-
eclampsia.?’In a prospective study by Leducetal.* involving
100 women with severe preeclampsia or chronic hyperten-
sion with preeclampsia (26 of whom developed hemolysis,
elevated liver enzymes, and low platelets syndrome), no
parturient had an elevated PT or PTT or a low fibrinogen
level in the absence of a platelet count <150,000/pL. Of the
patients whose initial platelet count was <150,000/uL, 75%
went on to develop a platelet count <100,000/pL. On the
basis of these findings, the authors recommended following
serial platelet counts for intrapartum preeclamptic parturi-
ents and checking PT, PTT, and fibrinogen levels only if the
platelet count decreases below 100,000/pL. While the Leduc
et al.> study monitored hemostasis labs every 6 hours, for
patients with clinical signs of worsening coagulopathy, a
more recent assessment of platelet count and coagulation
indices should be considered. Clinical judgment is critical in
selecting the anesthetic approach for a preeclamptic patient
with a marginal platelet count or coagulation profile.

September 2013 e Volume 117 e Number 3

AREAS FOR FURTHER RESEARCH

Further research is needed to elucidate strategies to opti-
mize hemodynamics and uteroplacental perfusion among
severely preeclamptic parturients during spinal anesthesia
for cesarean delivery. Specific areas of interest include the
effect of prophylactic phenylephrine infusions on neona-
tal outcomes, optimal strategies for fluid management for
severely preeclamptic parturients during spinal anesthesia,
and the role of minimally invasive cardiac output monitors
in tailoring hemodynamic therapy. g8
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