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Abstract Hypertensive disorders of pregnancy, specifi-

cally preeclampsia, cause significant morbidity and mor-

tality in both the mother and fetus. Changes in the

diagnostic criteria have attempted to improve the ability to

identify and initiate treatment. Recently, it has been dis-

covered that a placenta-derived anti-angiogenic environ-

ment directly contributes to the pathological cause of

preeclampsia. The early identification of these anti-angio-

genic markers may enhance diagnosis of the disease in the

future. Patients with preeclampsia need to be treated with

caution in regard to airway and coagulation; however,

neuraxial anesthesia, when appropriate, is preferred. Dur-

ing labor, the increase in placental blood flow secondary to

epidural analgesia can improve fetal perfusion. Spinal and

epidural anesthesia are safe for cesarean delivery in

mothers with preeclampsia, and may be preferred over

general anesthesia. Preeclampsia is a complex disorder that

impacts day to day decisions of anesthesia care provider.
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Introduction

Hypertensive disorders of pregnancy affect about 20 % of

parturients during pregnancy [1]. The most severe form,

preeclampsia, causes significant short-term and long-term

morbidity, and is one of the leading causes of maternal

mortality in the world. Preeclampsia also presents dangers

to the fetus, being associated with intrauterine growth

restriction, abruption of the placenta, and iatrogenic pre-

mature birth with associated risk to the neonate [2].

The anesthesia care provider can be faced with multiple

clinical issues when caring for the parturient with pre-

eclampsia—physiological and pathological changes can

affect most aspects of anesthetic care. Alterations in the

cardiovascular system such as labile hypertension and renal

impairment change the way medications need to be

administered. The effects of the disease on the hematologic

and coagulation systems affect the decision to use neur-

axial anesthesia, while the edematous changes to the

maternal airway may make intubation challenging. The

most worrisome changes are in the central nervous system,

where sudden onset of seizures, posterior reversible en-

cephalopathic syndrome (PRES), or intracranial hemor-

rhage can occur suddenly and be devastating.

The last decade has seen significant developments in

preeclampsia, and many of these changes are well docu-

mented in the literature. This review will focus on the most

recent developments including changes to the categoriza-

tion of hypertensive disorders aimed at making the iden-

tification and prompt treatment of severe preeclampsia

easier. Secondly, there has been a dramatic breakthrough in

the understanding of the pathophysiologic process that

results in the signs and symptoms of preeclampsia. While

this breakthrough in the pathogenesis has not yet led to

changes in treatment, there is a growing body of literature
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that may result in a future reduction in morbidity and

mortality. Finally, there has been an evolution in the

anesthetic care of the hypertensive parturient, with the goal

of providing safer care for both mother and fetus.

Definition of Hypertensive Disorders

The American College of Obstetrics and Gynecology

updated the categorical definition and diagnostic criteria

for hypertensive disorders in 2013 [3••]. This change was

an explicit attempt to promote early diagnosis and prompt

treatment of preeclampsia, as it was believed that the

previous diagnostic criteria were excessively rigid, leading

to unnecessary delay in care [3••]. The categories of

hypertensive disorders now include only four designations:

(1) gestational hypertension; (2) chronic hypertension; (3)

chronic hypertension with superimposed preeclampsia; and

(4) preeclampsia–eclampsia [3••]. Gestational hypertension

is defined as the onset of hypertension after the 20th week

of gestation, while patients with chronic hypertension have

elevated blood pressure prior to this time. Gestational

hypertension and chronic hypertension in pregnancy carry

an elevated maternal and fetal risk of morbidity or death

compared to normotensive pregnancy, but less than pre-

eclampsia; however, 20–40 % of patients with either dis-

order will evolve to having proteinuria and the systemic

disease known as preeclampsia.

Preeclampsia is a systemic disease affecting multiple

organ systems in the mother and fetus, with diverse pre-

sentations. Major risk factors include preeclampsia in a

previous pregnancy, advanced maternal age, nulliparity,

low socioeconomic status, pre-pregnancy obesity or

excessive weight gain during pregnancy, Gestational DM,

extended birth interval, and vasculitis or renal disease [4].

Preeclampsia is a disease of the placenta, and delivery of

the placenta leads to resolution of the signs and symptoms.

Especially among women with early-onset preeclampsia,

the placenta is incompletely inserted into the maternal

endometrium [5, 6]. This pathologic state likely leads to

poor fetal perfusion (resulting in intrauterine growth

restriction) and also to the expression of maternal systemic

factors that cause hypertension and organ injury. Histori-

cally, preeclampsia was identified by the coexistence of

hypertension, proteinuria, which served as evidence of

renal impairment, and edema. Edema was removed as a

diagnostic feature, as it is very common in pregnancy.

Patients who have preeclampsia prior to 34 weeks of ges-

tation (‘‘early onset’’ disease) represent only about 10 % of

the total incidence, but a greater proportion of maternal and

perinatal complications [7].

Preeclampsia is defined as the coexistence of maternal

hypertension with either evidence of renal impairment, or

any signs or symptoms of systemic disease (see Table 1)

[3]. While proteinuria is the most common finding, it is no

longer required as part of the formal definition of pre-

eclampsia given the following shortcomings. A single

collection of urine to assess for protein via a dipstick or

laboratory measure is quick and inexpensive, but may not

be adequate to identify renal impairment. The amount of

urinary protein excreted by an individual can have great

variability throughout the day, leading to both false nega-

tives and false positives [8]. For a more reliable diagnosis,

a 24-h collection can be used, but the validity of this test

Table 1 Diagnostic criteria for preeclampsia and severe features [3••]

Sign/symptom Definition Categorization

Hypertension (after 20 weeks) Systolic BP C 140 mmHg

Diastolic BP C 90 mmHg

Preeclampsia if with other sign,

otherwise gestational hypertension

Proteinuria C300 mg in 24-h collection

Protein/creatinine C0.3

Amount of proteinuria removed from

severe definition

Severe features*

Note: Evidence of renal injury (proteinuria)

is not needed to diagnose severe feature.

Hypertension Systolic BP C 160 mmHg

Diastolic BP C 110 mmHg

Thrombocytopenia \100,000/ml

Impaired liver function Hepatic enzymes twice normal

Right upper quadrant or epigastric pain

Renal insufficiency Serum creatinine [ 1.1 mg/dl

Doubling of serum creatinine

Pulmonary edema

New-onset cerebral or visual disturbance
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has been questioned [9, 10]. Additionally, a delay in

diagnosis while awaiting the results of a 24-h urine col-

lection could delay therapy and lead to morbidity. Recent

studies have demonstrated that a single urine sample

measuring the protein-to-creatinine ratio may be a rapid

and more reliable method of diagnosing renal impairment

[11, 12]. A urinary protein-to-creatinine ratio of C0.3 may

be sufficient evidence of renal involvement that can serve

in place of a 24-h collection [13•].

Etiology

The etiology of preeclampsia remains unknown and is

likely multifactorial. Genetic factors are clearly involved in

the development of preeclampsia [14]. There is a clear

familial link to the disease, with greater rates among sisters

or daughters of women who were affected [15]. The

influence of genetic variables is complex, and involves

interactions of the mother, father, fetus, and possibly the

environment. Cnattingius et al. [16] studied Swedish births

from 1987 to 1997 and estimated that 35 % of variance of

preeclampsia was attributable to maternal genetic effects,

20 % to fetal genetics, and 13 % to couple effect (includ-

ing paternal effects). However, this study found that only

50 % of the risk of developing preeclampsia was due to

genetic factors. A recent theory suggested that the genetic

impact may be from environmental factors that affect

phenotypic or functional expression, without a change in

the basic DNA sequence—an effect known as epigenetics.

Environmental factors may affect DNA methylation and

histone formation, both of which can regulate gene func-

tion. While there is no conclusive gene/domain solely

responsible for preeclampsia, Chelbi et al. [17] have sug-

gested that abnormal methylation pattern may be a factor in

the development of preeclampsia.

An immune source of the disease, which was supported

by the observation of a higher rate of preeclampsia in

multiparous women having a pregnancy with a new father,

was assumed to be the cause of preeclampsia in many

patients [18, 19]. However, some authors have suggested

that the time between gestations in these pregnancies may

be a confounder, and that an immune-based explanation

may be inaccurate [20]. It has been suggested that the

failure of the placenta to implant into the endometrium

may represent an immune etiology in some patients [3••].

While evidence remains debated on both sides of this

argument, a purely maternal immune reaction as the cause

of preeclampsia does not appear to have the support as in

the past [18].

Preeclampsia has been identified to be more prevalent in

geographic areas associated with poor nutrition. While

malnutrition does not directly cause preeclampsia, women

who are predisposed will be more likely to acquire the

disease if they are malnourished [2, 21]. For example,

dietary supplementation with calcium reduces the inci-

dence of preeclampsia among women with poor calcium

intake, but does not change the rates among women with

adequate nutritional intake (and may increase the incidence

of HELLP syndrome) [22].

Pathophysiology

In the last decade, the pathogenesis of preeclampsia has

become more clearly defined. Understanding this new

theory requires a brief review of the vascular and endo-

thelium system.

Angiogenesis

The creation of new blood vessels from non-vascular stem

cells (Vasculogenesis) is controlled by the biomarker,

transforming growth factor (TGF) in the developing pla-

centa. This hormone interacts with a receptor involving a

multiprotein complex including the protein endoglin,

which enhances capillary formation. In addition to de novo

blood vessel creation, the growing placenta requires crea-

tion of blood vessels from preexisting ones, a process

termed, Angiogenesis. The primary angiogenic biomarkers

are vascular endothelial growth factor (VEGF) and pla-

cental growth factor (PlGF). Primary angiogenesis creates

the vascular system tree by branching existing vessels into

two new ones. After the primary function of vessel crea-

tion, the hormones of angiogenesis continue to be secreted

promoting endothelial cell growth, health, and integrity.

VEGF and PlGF are related molecules that share similar

structure, and both hormones bind a receptor identified as

the VEGF-receptor-1 or the fms-like tyrosine kinase-1 (Flt-

1) receptor [23]. This receptor, normally located in vas-

cular endothelial cell surface of placenta, promotes endo-

thelial cell health, and release of nitric oxide and

prostacyclin promoting dilation of the surrounding arteri-

olar smooth muscle [24]. This interaction between circu-

lating molecules of VEGF and PlGF and the endothelial

cell-bound receptor, Flt-1, is important in producing ade-

quate placental bed angiogenesis as well as blood flow in

the placenta [14]. The Flt-1 receptor is central to the health

and function of the organ beds with fenestrated endothe-

lium—specifically, the liver, kidney, and brain [25].

During fetal development at around the 12th–

13th week’s gestational age, the implanted placenta creates

new blood circulatory systems to allow fetal-maternal

exchange. This process is driven by locally released hor-

mones and the fetal cytotrophoblasts (CT), which act as

pluripotent mesenchymal precursor cells [26]. The CT cells
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invade the maternal myometrium and replace the intima

and media of the maternal spiral arteries and the maternal

endothelial and vascular smooth muscle cells. The elimi-

nation of the vascular media layer of the spiral arteries

leads to low-resistance dilated vessels resulting in a blood

supply to the placenta that has minimal response to

adrenergic hormones.

Anti-angiogenic Environment

Women with early-onset preeclampsia (\34 weeks gesta-

tional age) have been found to have a placenta that is

superficially inserted into the maternal myometrium [6,

27]. Patients who have early-onset preeclampsia represent

only about 10 % of the total incidence, but a greater pro-

portion of maternal and perinatal complications [7]. Up to

90 % of the placental vessels remain unconverted native

maternal arteries, with full responsiveness to adrenergic

tone [6, 27]. This failure of the placenta to properly insert

can lead to a state of chronic ischemia of the placenta. The

response of the vascular system to ischemia is complex, but

is intimately involved in the pathogenesis of preeclampsia.

In ischemic environments, the endothelial cells (the CT

cells in the placenta) reduce production of both VEGF and

PlGF, and also alter their receptor expression [28, 29]. The

Flt-1 receptor undergoes an alternate splicing becoming a

solubilized (s-Flt1) and non-membrane bound receptor

[30]. Similarly, the endoglin molecule from the TGF

receptor releases into the circulation becoming solubilized

(s-ENG) [31]. The circulating s-ENG molecule binds TGF

preventing its adherence to the endothelial cell surface

receptors, creating an anti-vasculogenic environment [31].

Excess s-Flt1 is absorbed into the maternal circulation,

creating an anti-angiogenic state [31, 32]. This anti-

angiogenic state was identified in a longitudinal study of

patients who developed preeclampsia [33]. The authors

demonstrated reduced maternal circulating levels of both

VEGF and PlGF (at 11 weeks gestational age), and dra-

matically elevated maternal serum concentration of sFlt1

(at 5 weeks gestational age) prior to the diagnosis of pre-

eclampsia [28, 29, 33]. The endothelial cell dysfunction

resulting from the anti-angiogenic environment leads to

maternal vasoconstriction, release of biomarkers of oxi-

dative stress and inflammation, and eventually to capillary

bed volume loss and the systemic organ pathology identi-

fied as preeclampsia [1, 34, 35••].

Organ Pathology

The maternal anti-angiogenic environment results in sys-

temic physiologic derangements. Parturients with pre-

eclampsia have an elevated systemic vascular resistance

caused by systemic vasoconstriction from endothelial cell

dysfunction, and from a progressive loss of capillary bed

volume due to s-ENG [36]. Endothelial injury also leads to

inflammation and creation of oxygen free radicals (oxida-

tive stress) that leads to further end organ injury [35••].

The elevated s-Flt1 and reduced maternal circulating

VEGF lead to dysfunction in the fenestrated endothelial

cells system in the kidney, which fill with edematous fluid

destroying the glomerular structure and function, leading to

the classic proteinuria of preeclampsia. Interestingly, the

pathognomonic of preeclampsia, mesangial endotheliosis,

can be produced in mice infected with retroviral vector that

secretes s-Flt1; conversely, administration of VEGF to

these mice will return the glomerulus and renal function to

normal [33].

The reticular endothelial system found in the liver and

spleen also has fenestrated capillaries; loss of endothelial

filtration there leads to inflammatory injury, and later

parenchymal necrosis. In response to the anti-angiogenic

environment, the spleen sequesters platelet leading to rel-

ative thrombocytopenia, which is found in about half of

patients with severe preeclampsia [37]. HELLP syndrome

(hemolysis, elevated liver enzymes, and low platelets) is

one of the most severe forms of preeclampsia, with

increased morbidity and mortality for both mother and

baby; [38] however, liver enzyme abnormalities do not

indicate severity of disease.

In the brain, endothelial injury is thought to result in

damage to the choroid plexus, leading to interruption of the

blood–brain barrier as demonstrated by the presence of

stroma-free hemoglobin in the cerebral spinal fluid [39].

Serum magnesium does not pass into the cerebrospinal

fluid in patients with an intact blood–brain barrier, but

more readily crosses in patient with preeclampsia [40, 41].

In severe cases, endothelial injury can lead to brain edema

and altered mental status, a disorder named posterior

reversible encephalopathy syndrome (PRES), often found

in malignant hypertension [42, 43]. Interestingly, patients

receiving anti-VEGF therapy for malignancies develop a

disorder strikingly similar to preeclampsia, including

hypertension-induced PRES syndrome [44, 45].

The effect of preeclampsia on the maternal heart is

controversial. In normal, non-hypertensive pregnancy,

elevated preload conditions lead to mild thickening of left

ventricle and increased cardiac output throughout gestation

[46]. In women with preeclampsia, the hypertrophy of the

myocardium and cardiac output are increased compared to

normal pregnancy [47, 48]. The hypertrophy is likely a

response to elevated loading condition and increased car-

diac work, possibly due to myocardial stress from the anti-

angiogenic environment [49•, 50]. Sophisticated echocar-

diographic techniques including myocardial performance

index (MPI) or Tei index (which reflects cardiac function

independent of blood pressure) have been used to show that
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patients with preeclampsia have cardiac dysfunction. There

is disagreement regarding the degree of cardiac dysfunc-

tion in preeclampsia, although the presence of diastolic

dysfunction is thought to be common [47, 50–52]. In some

studies, women with preeclampsia have had subclinical

systolic dysfunction [53, 54]. These changes appear to be

worse in patients with early-onset preeclampsia and may

persist even after delivery.

In susceptible patients, the vascular dysfunction and

organ damage may progress to peripartum cardiomyopathy

[49•, 52]. A meta-analysis by Bello et al. [55] confirmed an

elevated prevalence of preeclampsia among patients with

peripartum cardiomyopathy. Although 80 % of woman

with peripartum cardiomyopathy do not have preeclampsia,

and most woman with preeclampsia ([90 %) do not

develop peripartum cardiomyopathy, these disease entities

appear to share a common pathophysiology, perhaps by

similar mechanisms of anti-angiogenic process [49•]. One

of the more disconcerting findings of the past decade has

been the strong association between preeclampsia during

pregnancy and an increased risk of heart disease later in

life, including metabolic syndrome, hypertension, ischemic

heart disease, and stroke [56, 57, 58•• 59]. Whether the

higher incidence of vascular disease later in life is due to

pathologic injury during pregnancy, or conversely, whether

the susceptibility to preeclampsia during the stress of

pregnancy foreshadows how a patient will respond to aging

remains to be discerned.

Anesthetic Considerations

The anesthetic care for the patient with severe pre-

eclampsia can pose a significant challenge. In addition to

often requiring urgent or emergency care, these patients

must be considered at risk for increased airway edema,

decreased glomerular filtration rate dysfunctional platelets

and thrombocytopenia, and in some cases with HELLP

syndrome or disseminated intravascular coagulopathy.

While preeclampsia is commonly associated with rela-

tive thrombocytopenia, coagulopathy is uncommon unless

the platelet count is very low, is decreasing rapidly, or is

associated with other etiologies of coagulopathy (e.g.,

placental abruption, HELLP syndrome). Whereas pro-

thrombin time (PT/INR) and partial thromboplastin time

(PTT) measure in vitro portions of coagulation cascade,

thromboelastography (TEG) can be used to assess whole

blood reflecting interaction among clotting factors, plate-

lets, and fibrinogen. Normotensive parturients have nor-

mal-appearing TEG values until the platelet count is

reduced below 75,000/ml [60]. Parturients with mild pre-

eclamptic women are hypercoagulable compared to healthy

pregnant controls according to TEG; however, severely

preeclamptic women with platelet counts below 100,000/

ml can be slightly hypocoagulable compared to controls

[61]. The exact platelet count at which the risk of com-

plications from a spinal/epidural hematoma increases is not

known, but is likely lower than where the TEG values

begin to change. Unfortunately, evidence-based recom-

mendations are impossible because the incidence of epi-

dural hematoma is very low (approximately 1:250,000)

[62] and little published data are available to guide the

clinician. Beilin et al. [63] recorded a series of 30

uncomplicated neuraxial procedures in parturients with

platelet counts between 69,000 and 100,000/ml. In a letter

to the editor, Frenk et al. [64] reported 170 patients with

thrombocytopenia (\100,000/ml) who received uncompli-

cated neuraxial procedures, including five with counts of

between 50,000 and 60,000 ml. These reports, while

impressive, do not define the minimum platelet count that

increases the risk of injury.

Labor Analgesia

The parturient with preeclampsia can receive great benefit

from epidural analgesia during labor. Effective epidural

analgesia reduces the maternal serum catecholamine levels,

which can improve blood flow to the placenta by up to

80 % [65]. A similar improvement in Doppler indices of

uterine artery blood flow has been demonstrated after

epidural analgesia among women with preeclampsia, but

not with normotensive patients [66]. Patients with severe

preeclampsia may have compromised placental blood flow,

as measured by Doppler indices. In a study by Ginosar

et al. [67], the control patients (standard care) required

prompt delivery within 2 days for fetal indications but in

patients treated with antepartum epidural analgesia, deliv-

ery was able to be delayed for an average of 19 days.

While the sample size was small, and the maternal risk to

benefit ratio remains to be determined, this may be an

important finding.

Cesarean Anesthesia

Should cesarean delivery be necessary, careful consider-

ation of possible comorbid conditions, such as obesity, and

laboratory values (including current platelet count and

trend), should be applied prior to choosing method of

analgesia. Regional techniques for delivery via cesarean

section are preferred over general anesthesia, as there

appears to be fewer morbid complications [68]. In the

patient with severe preeclampsia, spinal anesthesia results

in similar hemodynamic stability as either epidural or

general anesthesia [69–71]. Traditional concerns over

avoiding spinal anesthesia due to excessive hypotension do

not appear to have been warranted. Although Visalyaputra

et al. [69] found that significant hypotension (systolic
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\100 mmHg) was more frequent among patients receiving

spinal rather than epidural anesthesia (51 vs. 23 %;

P = 0.004), these episodes of hypotension lasted less than

one minute and were easily treated (with 6 vs. 12 mg

ephedrine). In addition, newborn outcomes were similar in

both groups. Aya et al. [72] found that patients with severe

preeclampsia actually had less hypotension following

spinal anesthesia than healthy, normotensive parturients for

elective cesarean delivery. Normotensive parturients had

more episodes of hypotension following spinal than

patients with severe preeclampsia (53.3 vs. 16.6 %;

P = 0.006), as defined as systolic \100 mmHg or 30 %

below baseline.

Trends for the Future

While there is no current therapy to prevent preeclampsia,

early and effective diagnosis is believed to bestow the best

maternal and fetal outcome. Multiple authors have proposed

using the ratio of s-Flt1 to PlGF, which rises in mid-gestation

and seems to correlate with the severity of preeclampsia for

more timely diagnosis [73–75]. This is currently not possible

due to the lack of consistent methodology and a lack of a

Federal Drug Administration-approved machine for mea-

surements. Based on the current hypothesis of the pathology

of preeclampsia, a future treatment other than delivery may

be conceivable. Early work has already begun on techniques

for removing s-Flt1 from the maternal circulation using

extracorporeal plasmapheresis [76]. While this does not alter

the placental source of the disease, it may improve maternal

care and reduce morbidity.

Conclusion

Hypertensive disorders of pregnancy are a diverse spec-

trum of disease that increase the risk to both the mother and

fetus. The most severe form of the spectrum, preeclampsia,

is one of the leading causes of maternal morbidity and

mortality, and the leading cause of iatrogenic premature

birth. The last decade has seen several developments in this

spectrum of disease. The diagnostic criteria and categories

have recently been altered to improve timely diagnosis.

The reliance on evidence of renal injury, and especially on

ensuring a 24-h urine collection for protein, has been

eliminated in favor of broader criteria. A second important

development has occurred in the understanding of the

pathophysiology of preeclampsia. While the etiology of the

disease remains elusive, the discovery that placental

ischemia induces an anti-angiogenic maternal environment

has redefined the disease. While therapy and treatment

remain remote, using this information for early diagnosis

may soon be possible. Finally, the impact of preeclampsia

on anesthetic care and decision making cannot be over-

stated. Several recent investigations have found that neur-

axial anesthesia is safe and effective for labor and cesarean

delivery in women with preeclampsia.
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