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bstract

ypertension complicates 5% to 7% of all pregnancies. A subset of preeclampsia, characterized by new-onset hypertension,
roteinuria, and multisystem involvement, is responsible for substantial maternal and fetal morbidity and is a marker for future
ardiac and metabolic disease. This American Society of Hypertension (ASH) position paper summarizes the clinical spectrum
f hypertension in pregnancy, focusing on preeclampsia. Recent research breakthroughs relating to etiology are briefly
eviewed. Topics include classification of the different forms of hypertension during pregnancy, and status of the tests
vailable to predict preeclampsia, and strategies to prevent preeclampsia and to manage this serious disease. The use of
ntihypertensive drugs in pregnancy, and the prevention and treatment of the convulsive phase of preeclampsia, eclampsia,
ith intravenous MgSO4 is also highlighted. Of special note, this guideline article, specifically requested, reviewed, and

ccepted by ASH, includes solicited review advice from the American College of Obstetricians and Gynecologists. J Am Soc
ypertens 2008;2(6): 484–494. © 2008 American Society of Hypertension. All rights reserved.
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Hypertension, complicating 5% to 7% of all pregnancies,
s a leading cause of maternal and fetal morbidity, particu-
arly when the elevated blood pressure (BP) is due to pre-
clampsia, either alone (pure) or “superimposed” on chronic
ascular disease.1,2 Preeclampsia is a major cause of pre-
erm birth and an early marker for future cardiovascular and
etabolic diseases, whereas preterm delivery is associated
ith immediate neonatal morbidity and has been linked to

emote cardiovascular and metabolic disease in the new-
orns.2–6 This bleak clinical picture and its large economic
urden has been known for decades. Still, even in the
urrent millennium, the hypertensive disorders of preg-
ancy remain among the most understudied areas and one of
he lowest recipient of research funds compared with other
iseases in terms of disability adjusted life years.7 This
earth of research progress is a major factor underscoring
ecades of controversies that surrounded the classification,
iagnosis, and management of the hypertensive disorders of
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regnancy. More recently, we have witnessed an upsurge of
nvestigative interest and achievements, mainly in regard to
reeclampsia. In addition, national working groups have
resented consensus documents aimed at achieving consis-
ency in diagnosis and management of these diseases.8–11

ne example is the National High Blood Pressure Educa-
ion Program (NHBPEP) report, last updated in 2000,10 and
oordinated with more recent practice bulletins of the
merican College of Obstetricians and Gynecologists.12

This American Society of Hypertension, Inc. (ASH) po-
ition paper presents a précis of the hypertensive disorders
omplicating pregnancy, including whether they can be
redicted and/or prevented, and guidelines for their man-
gement. It also incorporates solicited input from the Amer-
can College of Obstetrics and Gynecology.

ardiovascular and Volume Changes in Normal
estation

Striking alterations in both cardiovascular function and
olume homeostasis occur during normal pregnancy;
nowledge of these normal adaptations is requisite to the
arly detection and optimal management of preexisting or

ew-onset disease.13–15 Large increments in cardiac output,

nsion. All rights reserved.

mailto:mlevine@ash-us.org


a
t
p
f
i
p
o
r
c
t
s
h
w
n
c
w
n

i
e
t
a
t

s
H
s
m
s
(
�
a
c
i
p
n
t
g
n
a
o
o
p
e
n

M

w
i
m
d
t
w
r
p
e
m
fl
o
n
h
p

s
t
o
e
t
a
r
d
s
1
H
m

485M.D. Lindheimer et al. / Journal of the American Society of Hypertension 2(6) (2008) 484–494
ccompanied by marked increases in intravascular and ex-
racellular volume, occur rapidly during the first half of
regnancy, then plateau or rise more slowly thereafter. BP
alls, with decrements starting in early gestation and reach-
ng a nadir near mid-pregnancy (Figure). The decrease in
ressure is modest compared with the increases in cardiac
utput and intravascular volume, mainly because of concur-
ent large increase in global vascular compliance.14 Other
hanges include early renal vasodilatation and hyperfiltra-
ion, and marked stimulation of the renin-angiotensin-aldo-
terone system (RAAS).13,15 The latter is characterized by
igh levels of all measured elements of the RAAS chain,
hich react appropriately to volume-change stimuli around
ew steady-state set points.15 There are also marked in-
reases in free levels of other corticoids including those
ith both sodium retaining (eg, desoxycorticosterone) and
atriuretic (eg, progesterone) potential.15

Clinical relevance of these changes includes the follow-
ng. Undiagnosed chronic hypertension may be masked in
arly pregnancy because of the initial decrease in pressure,
hen misdiagnosed as a gestation specific disorder when
bnormal values appear later in pregnancy. Though hyper-

Figure. Systolic and diastolic blood pressures in relation to
gestational age in 6,000 White women 25 to 34 years of age
who delivered single-term infants. Reprinted with permission
from Christianson RE. Studies on blood pressure during preg-
nancy. I. Influence of parity and age. Am J Obstet Gynecol
1976;125:509–13.
ension in pregnancy remains defined as a BP �140 mm Hg i
ystolic or 90 mm Hg diastolic, diastolic levels of 75 mm
g in the first and 85 mm Hg in the second trimester or

ystolic values of 120 mm Hg in mid-pregnancy and 130
m Hg in late gestation may be abnormally elevated for

ome women.16–18 In this respect, data from two studies
totaling �30,000 women) suggest that diastolic pressures
85 mm Hg or mean arterial pressures of �90 mm Hg at

ny stage of gestation are associated with significant in-
reases in fetal mortality.16,17 Another caveat is that the rise
n glomerular filtration rate (GFR) that normally occurs in
regnancy results in lower levels of creatinine and urea
itrogen. Failure to appreciate this (eg, failure to appreciate
hat creatinine levels of 0.9 or 1 mg/dL are abnormal in
estation) may lead one to miss evidence of preexisting
ephrosclerosis or other renal diseases; the latter disorders
re associated with higher incidences of superimposed and
ften severe preeclampsia. Finally, the marked stimulation
f the RAAS in normal pregnancy combined with few
ublished data to differentiate between the normally or
xcessively aldosterone levels in gestation makes diag-
oses of primary aldosteronism difficult.15

easurement of BP

Previous methodologic controversies have been resolved,
ith the current consensus being that BP during pregnancy

s best measured with the woman sitting quietly for several
inutes, the arm cuff at heart level, and diastolic pressure

esignated at the 5th Korotkoff sound. It is now apparent
hat the lower levels associated with measurements recorded
hen subjects are positioned in lateral recumbence merely

eflect differences in hydrostatic pressure when the cuff is
ositioned substantially above the left ventricle (reviewed
lsewhere).14 Older views suggesting that gravid women
anifest large differences between the 4th Korotkoff (muf-
ing) and 5th Korotkoff (disappearance), with the latter
ccasionally approaching zero because of their hyperdy-
amic circulations, have been disproved, and 5th Korotkoff
as been established as the sound closest to true diastolic
ressure.15,19

Hypertension is defined as levels that are �140 mm Hg
ystolic or �90 mm Hg diastolic (preferably confirmed by
wo readings 4 to 6 hours apart).11,12 Previously, an increase
f 15 mm Hg diastolic and 30 mm Hg systolic, respectively,
ven if the final value �140/90 mm Hg was also included in
he definition. However, data demonstrating that outcomes
re similar irrespective of the magnitude of rise when values
emain below 140/90 mm Hg, have led consensus groups to
elete this latter definition. Nevertheless, the NHBPEP con-
ensus report11 stressed that patients with BPs below the
40/90 mm Hg cut-off who have experienced a 30 or 15 mm
g rise in systolic and diastolic levels, respectively, be
anaged as high-risk patients. Of interest, these differences
n defining hypertension are one reason for discordant find-
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ng in areas such as epidemiology and outcome research,
ow hopefully resolved.

lassifying Hypertension in Pregnancy

Caregivers have been and continue to be confused by the
ultiple terminologies, some complex and detailed, used to

lassify the hypertensive disorders of pregnancy. For exam-
le, the terms toxemia, gestosis, pregnancy-induced hyper-
ension, and preeclamptic toxemia have each been used to
lassify the disorder we will label preeclampsia. The same
erm might have different meanings depending on the
chema in which it was published. For example, pregnancy-
nduced hypertension could signify both gestational hyper-
ension and preeclampsia to some, whereas others require
regnancy-induced hypertension plus proteinuria to signify
reeclampsia. The terminology used here is that recom-
ended by the NHBPEP Working Group11 and is concise

nd practical. In it, BP in pregnancy is considered in only
our categories:

1. Preeclampsia-eclampsia.
2. Chronic hypertension of any cause.
3. Preeclampsia superimposed on chronic hypertension.
4. Gestational hypertension.

Preeclampsia, pure or superimposed (categories 1 and 3), is
he disorder most often associated with severe maternal-fetal-
eonatal complications (including fatalities). Most women in
ategory 2 have essential hypertension, mostly mild (�105
m Hg) in intensity, their pregnancies usually (but not invari-

bly) uncomplicated. On occasion, the high BP is secondary,
rom known causes including endocrine tumors, renal artery
tenosis, and renal disease, and some of these pregnancies do
oorly. Pheochromocytoma, though rare, may present for the
rst time during pregnancy and is especially lethal when un-
uspected, but if diagnosed it can be managed to a successful
utcome, either surgically or pharmacologically, depending on
he stage of gestation.20,21 Cushing’s syndrome, also rare, has
een associated with exacerbations of hypertension during
regnancy and poor fetal outcomes,20,22 and anecdotal reports
f serious and fatal complications in pregnant women with
cleroderma and periarteritis nodosa, particularly when these
atter disorders involve the kidneys.15 On the other hand,
regnancy may diminish the kaliuresis and BP rise associ-
ted with primary aldosteronism, perhaps related to the
ncrease in circulating progesterone levels, hypertension,
nd hypokalemia represented postpartum when progester-
ne levels decline.20,23 Finally, angioplasty and stent place-
ent have been successfully performed on pregnant women
ith renal artery stenosis.20

Gestational hypertension is characterized by mild to mod-
rate elevation of BP after mid-gestation but without abnor-
al proteinuria, usually near term (though more severe

orms of hypertension have been described, and some of

hese patients are actually preeclamptics who shortly there- p
fter manifest other signs and symptoms of that disorder).
lthough the cause of gestational hypertension is unclear,

his entity appears to identify women destined to develop
ssential hypertension later in life (analogous to the rela-
ionship of gestational diabetes to the subsequent develop-
ent later in life of type 2 diabetes mellitus).24,25 BP returns

o normal, during the immediate puerperium (at which point
ome relabel the entity transient hypertension). Many of
hese women are hypertensive in one, some, or all of their
ubsequent pregnancies.

There is an entity termed late postpartum hypertension
hat describes women with normotensive gestations who
evelop high BP (usually mild) several weeks to 6 months
fter delivery that normalizes by the end of the first post-
artum year.15 Little is known about this entity, though it
lso may predict essential hypertension later in life. Finally,
very rare group of patients harbor activating mineralocor-

icoid receptor mutations that result in an exaggerated sen-
itivity to the usually weak effect of progesterone.26 These
omen manifest early salt-sensitive hypertension, coinci-
ent with the rapid rise in progesterone production during
he initial trimester.

he Clinical Spectrum of High BP in Pregnancy

Most women with chronic hypertension have uneventful
estations as long as their BP remains at (or is controlled to)
evels considered “mild to moderate.” In contrast, pre-
clampsia is associated with many serious complications.
hus, early and accurate recognition and differentiation of
reeclampsia from other causes of high BP in pregnancy has
mportant implications regarding management. A precise
iagnosis, however, is not always possible, in which case it
s best to manage the woman as if she has preeclampsia,
hich is the more serious disorder with a broad clinical

pectrum.
Preeclampsia, a protean disorder that involves many or-

an systems, is primarily characterized by hypertension and
roteinuria. The latter is defined by excretion of �300
g/24 hours, a urine protein/creatinine ratio of �0.3, or a

ualitative 1� dipstick reading. The dipstick value of 1�
as many false-positive and false-negative results and is the
east useful.11,19 Accurate, timed urine collections are very
ifficult to obtain during pregnancy, and, theoretically, a
rine creatinine/protein ratio eliminates such errors. How-
ver, the accuracy of this test is still being investigated.

Preeclampsia may also be accompanied by rapid weight
ain and edema, appearance of coagulation or liver function
bnormalities, and occurs most often in nulliparas, usually
fter gestational week 20, and most frequently near term.
ttempts have been made to categorize preeclampsia as

mild” or “severe” (Table 1).11,27 The latter are often de-
ned on the basis of BP levels (�110 mm Hg diastolic and
60 mm Hg systolic), the appearance of nephrotic range

roteinuria, sudden oliguria, neurologic symptoms (eg,
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eadache, hyperreflexia), and laboratory tests demonstrating
hrombocytopenia (defined as �100,000 per microLiter),
emolysis, or abnormal liver function (including presence
f schistocytes, hyperbilirubinemia, or elevated aspartate
minotransferase and lactic acid dehydrogenase levels), al-
hough the magnitude of proteinuria alone as a predictor of
everity has been questioned.27,28 Because a woman with
eemingly mild disease (eg, a teenage gravida with a BP of
40/90 mm Hg and minimal proteinuria) can suddenly con-
ulse, designations such as mild and severe can be mislead-
ng. In fact, de novo hypertension alone occurring after
id-gestation in a nullipara is sufficient reason to manage

he patient as if she were preeclamptic.
Early preeclampsia (onset �34 weeks’ gestation) is as-

ociated with greater morbidity than when the disorder
resents at term. In this respect, some suggest subdividing
reeclampsia into two groups by time of onset because of
ifferences in prognosis and management.29 Such a distinc-
ion may be misleading, however, because all preeclampsia
s potentially explosive.

The eclamptic convulsion, a dramatic and life-threatening
omplication of preeclampsia, was once associated with a
aternal mortality of 30%.13,15 More recently, and primar-

ly in developed nations, improved and aggressive obstetric
anagement has decreased the occurrence of convulsions

able 1
reeclampsia: judging severity*

Less Severe More Severe

resentation �Gestational
wk 34

�Gestational
wk 35

iastolic BP �100 mm Hg �110 mm Hg
eadache Absent Present
isual disturbances Absent Present
bdominal pain Absent Present
liguria Absent Present
Creatinine (GFR) Normal Elevated

(decreasing)
DH, AST Normal Elevated
roteinuria Mild to

moderate
Nephrotic range

(�3 g/24 h)†

onreassuring fetal
testing‡

Absent Present

AST, aspartate aminotransferase; BP, blood pressure; GFR, glo-
erular filtration rate; LDH, lactic acid dehydrogenase.
* Presence of convulsions (eclampsia), congestive heart failure,

r pulmonary edema are always very ominous signs.
† Degree of proteinuria alone may not indicate seriousness un-

ess accompanied by other ominous sign or symptom.
‡ Growth restriction, adverse signs during periodic fetal testing

ncluding electronic monitoring and Doppler ultrasound.
The American College of Obstetrics and Gynecology bulletins

tilize the terms “mild” and “severe” for our preferred “less” and
more” severe, so as to underscore diligence for any form of
reeclampsia.
nd made maternal deaths unusual.1,13,15,30 Eclampsia is g
ften preceded by premonitory signs including headache,
isual disturbances, epigastric pain, constricting sensations
n the thorax, apprehension, excitability, and hyperreflexia.
owever, convulsions can occur suddenly and without
arning in a seemingly stable patient with no apparent or
nly minimal elevations of BP.31 In fact, the capricious
ature of this disorder makes early hospitalization of
omen with suspected preeclampsia advisable. Most

clamptic convulsions occur prepartum, intrapartum, or
ithin 48 hours postpartum, but there is an unusual entity

abeled late postpartum eclampsia that occurs from 48
ours to several weeks after delivery.32

One complication, affecting approximately 5% of women
ith preeclampsia that can progress rapidly to life-threat-

ning condition, is the “HELLP” syndrome which is char-
cterized by all or some of the following signs: Hemolysis,
bnormal Elevation of Liver enzyme levels (aspartate ami-
otransferase and lactic dehydrogenase may increase
uickly, the latter to �1,000 IU/dL), and Low Platelet
ounts (also evolving rapidly and decreasing to �40,000/
L), with schistocytes present on the blood smear.13,15,33

he HELLP syndrome may at first appear deceptively be-
ign, with initial enzyme elevations and thrombocytopenia
f borderline severity. Such presentations require inpatient
anagement, often termination of the pregnancy if the dis-

ase progresses, and, although postpartum recovery is usu-
lly rapid, the disease may persist for almost a week.

athogenic Mechanism in Preeclampsia

Preeclampsia has been dubbed the disease of theories, but
ecent progress concerning pathogenesis of its clinical pheno-
ypes suggests breakthroughs that may lead to accurate predic-
ion, prevention, and better treatments. Discussion of all etio-
ogic theories (ie, altered cell and molecular biology of the
lacenta, antioxidants, the systemic inflammatory response,
umeral and immune factors, and cardiovascular maladapta-
ions to gestation) is beyond the scope of this article and
eviewed in detail by others.8,15,34 The most plausible theories
ocus on the placenta and describe the disorder in two stages.
n the first, the initiating cause results in the placenta producing
actors (eg, specific proteins, trophoblastic debris) that enter
he maternal circulation. The second stage, called maternal, is
vert disease that depends not only on the action of these
irculating factors, but also the health of the mother, including
iseases that may affect the vasculature (preexisting cardiore-
al, metabolic, and genetic factors; obesity). A promising re-
earch area in 2008 involved elucidation of the role of antian-
iogenic factors produced by the placenta in the pathogenesis
f preeclampsia phenotypes.8,15,34–36

Placentas of women destined to develop preeclampsia over-
roduce at least two antiangiogenic proteins that reach abnor-
ally high levels in the maternal circulation. One soluble
ms-like tyrosine kinase 1 (sFlt-1) is a receptor for placental

rowth (PIGF) and vascular endothelial growth (VEGF) fac-
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ors. Increased maternal sFlt-1 levels decrease circulating free
lGF and VEGF concentrations leading to endothelial dys-
unction. The second antiangiogenic protein, soluble endoglin
sEng) may impair the binding of transforming growth fac-
or-�1 to endothelial receptors, thereby decreasing endothelial
itric oxide–dependent vasodilatation. Simultaneous introduc-
ion of adenoviruses encoding both sFlt-1 and sEng into preg-
ant rats produces severe hypertension, heavy proteinuria, el-
vated liver enzyme levels, and circulating schistocytes—in
ssence creating a powerful rodent model that simulates most
f the protean manifestations of preeclampsia in humans and
as obvious implications for the study of mechanisms and
ubsequent therapy of this disease.35–37

The cause of placental overproduction of these proteins,
owever, remains an enigma. Research currently focusing
n immunological mechanisms (eg, HLAG, natural killer
ells, autoantibodies agonistic to the angiotensin I receptor),
xidative stress, mitochondrial pathology, and hypoxia
enes.8,15,34 In essence, research in this area, dormant for
ecades, is now quite promising.

he Multisystemic Pathophysiology and
athology of Preeclampsia

P and the Cardiovascular System

Hypertension in preeclampsia is due primarily to marked
asoconstriction, because both cardiac output and arterial
ompliance are reduced.14,15,19 There is a reversal of the
ormal circadian rhythm, with the highest BP now at night,
nd a loss of the normal pregnancy-associated refractoriness
o pressor agents; the sensitivity to infused Ang II increas-
ng weeks before overt disease.15 Explanations for the in-
reased reactivity to Ang II include up-regulation of recep-
or sensitivity, synergy with circulating autoantibodies
gonistic to the angiotensin type 1 receptor,15,34,38,39 and
ecreases in the level of circulating Ang 1–7. Increases in
nsulin resistance and sympathetic nervous system tone also
ccur and have been implicated in the vasoconstriction
haracteristic of preeclampsia.15

idney

As noted, renal hemodynamics increase markedly in nor-
al gestation. Renal plasma flow (RPF) and GFR decrease

n preeclampsia (�25%); thus, values may still be above or
t those measured in the nonpregnant state.15 The decrement
n RPF is attributable to vasoconstriction, whereas the fall in
FR relates both to the decrement of RPF and the devel-
pment of a glomerular lesion termed glomerular endothe-
iosis (detailed elsewhere).15,24,34,40

lacenta

Shallow and abnormal placentation is a hallmark of pre-
clampsia, highlighted by a failure of the normal tropho-

lastic invasion of the spiral arteries, these vessels failing to s
emodel and dilate.41 This aberration underlies theories that
estriction of placental blood flow leads to a relatively
ypoxic uteroplacental environment, with subsequent
vents mediated through hypoxemia-induced genes result-
ng in the release of factors (eg, antiangiogenic proteins)
hat enter the mother’s circulation and initiate the maternal
yndrome.

rain

The best descriptions of the gross and microscopic brain
athology in eclampsia can be found in the extensive au-
opsy series of Sheehan and Lynch,42 because most of these
ecropsies were performed within 2 hours of death, thereby
liminating the rapid autolytic postmortem changes that
ight confound interpretation. They noted little evidence of

rain edema and postulated that brain swelling was a late
ather than a causal event. The major findings, however,
ere both gross and microscopic evidence of bleeding.
Previous controversy regarding the pathogenesis of

clampsia centered on whether it was a unique entity, due
ainly to severe vasoconstriction (occasionally localized in

he cerebral circulation) or more akin to hypertensive en-
ephalopathy appears to have been resolved. Studies using
ophisticated imaging techniques reveal increased cerebral
lood flow in preeclamptic women, whereas data derived
rom animal models suggest that eclamptic women have
ncreased perfusion pressures, perhaps exceeding the cere-
ral circulation’s autoregulatory capacity, and that their
essels “leak” at perfusion pressures lower than what would
e expected in nonpregnant subjects.13,15,43,44 Reports
ased on computed axial tomography and magnetic reso-
ance imaging describe transient abnormalities consistent
ith localized hemorrhage or edema,45 with the latter de-

cribed as vasogenic and fully reversible, but occasionally
cytotoxic” accompanied by infarction with lesions that
ersist.

iver and Coagulation Abnormalities

Preeclampsia is associated with activation of the coagu-
ation system, with thrombocytopenia (usually mild) as the
ost commonly detected abnormality. There is increased

latelet activation and size, plus decrements in their lifes-
an. The hypercoagulability of normal pregnancy is accen-
uated (eg, reduced antithrombin III, protein S, and protein
) even when platelet counts appear normal.15,46 However,
ccasionally, the coagulopathy can be severe, as detailed in
he ominous HELLP syndrome discussed previously.

Preeclampsia also affects the liver.13,15 Manifestations
nclude elevated aspartate aminotransferase and lactic de-
ydrogenase levels, the increments usually small, except
hen the HELLP syndrome supervenes. The gross hepatic

hanges in preeclampsia, also detailed in the autopsy series
f Sheehan and Lynch,42 are petechiae ranging from occa-

ional to confluent areas of infarction, as well as subcapsular
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ematomas, some having ruptured and caused death. He-
atomas were, however, unusual in a later study whose

nvestigators assessed the liver laparoscopically.47 The
haracteristic microscopic lesion is periportal, manifesting
s hemorrhage into the hepatic cellular columns and at times
oncurrent infarction. Material obtained by laparoscopic-
uided biopsies show substantial intracellular fatty changes
n all patients with preeclampsia, regardless of the severity
f the disease.46 However, autopsy and laparoscopy studies
re by their nature quite selective.

rediction and Prevention of Preeclampsia

rediction

Numerous studies have evaluated tests to predict pre-
clampsia or to distinguish it from more benign hyperten-
ive complications. They include evaluation of circulating
r urinary markers and imaging techniques. In one large
ystematic literature review, the authors concluded that
one of the screening methods tested through 2004 were
linically useful predictors of preeclampsia, and that ana-
yzing combinations of tests might prove more valuable.48

hat review did not include a more recent literature assess-
ng circulating or urinary antigenic and antiangiogenic pro-
eins. The more recent studies have generated hope that
ombinations of sFlt-1, sEng, and PlGF will provide the
ensitivities and likelihood ratios required for prediction of
reeclampsia and may prove useful in its differential diag-
osis as well.49 Several of these studies demonstrated pre-
iction with very high sensitivities, especially combinations
f serum SFlt-1, sEng, and PlGF, but the vast majority of
hese data come from retrospective analyses of banked spec-
mens from earlier trials. By early 2008, there were several
ngoing prospective observational studies in progress.

revention

Numerous interventions have been proposed to prevent
reeclampsia, usually predicated on theories that adminis-
ration of a drug, mineral, or vitamin will inhibit or reverse
presumed causal mechanism. Systematic reviews through

arly 2008, however, identified only two interventions that
ave some minimal protective effects.50–52 Low-dose aspi-
in may reduce the incidence of preeclampsia approximately
0%, but the numbers needed to treat to avoid adverse
utcomes are large.51 Calcium supplementation has a small
ffect in populations with low dietary calcium intake (less
han 600 mg/d).52 In these latter populations, the incidence
f the disorder does not decrease, but there are small but
ignificant decrements in serious adverse advents including
etal demise. Supplementation with the antioxidant vitamins

and E has had no effects to date, and has even proved
armful in certain high-risk populations, though the largest
f these trials (by National Institute of Child Health and

evelopment [NICHD] Maternal Fetal Medicine Trials w
etwork) was completed in late 2008 and is scheduled to be
eported in early 2009.53,54

anagement

There are several unresolved controversies regarding
reatment of the hypertensive disorders of pregnancy, and
he hypertensive expert called to consult should be aware of
hem. If disagreements occur, it is prudent to note that it is
he obstetrician who has been managing the pregnancy for
onths, who is responsible for both the mother’s and fetus’

utcomes and who may be required to defend bad outcomes
o official committees and boards.

reeclampsia-Eclampsia

Suspicion of preeclampsia is sufficient reason to recom-
end hospitalization, given the disease’s potential to acceler-

te rapidly.11,13,15,55 This approach will minimize diagnostic
rror, diminish the incidence of convulsions, and improve fetal
utcome. Because delivery remains the only known “cure,”
nd maternal and fetal disease status may change rapidly, we
ecommend the following. Near term, induction of labor is the
herapy of choice, whereas attempts to temporize should be
ade if pregnancy is at an earlier stage. If the latter decision is
ade, and BP rises to unacceptable levels, several antihyper-

ensive agents considered safe in pregnancy are available and
re discussed in the following sections (Table 2). Delivery is
ndicated at any stage of pregnancy if severe hypertension
emains uncontrolled for 24 to 48 hours or at the appearance of
ertain “ominous” signs such as clotting or liver abnormalities,
ecreasing renal function, signs of impending convulsions
headache, epigastric pain, and hyperreflexia), or the presence
f severe growth retardation or nonreassuring fetal testing
Table 1). Preeclampsia remote from term is a special situation
n which the patients should be hospitalized and closely mon-
tored in tertiary obstetric care centers (preferably those with
renatal close observation units), facilities not readily available
o many practitioners.56 Gestation is permitted to continue as
ong as BP is controlled, no ominous signs of life-threatening
aternal complications occur, and in the absence of signs of

onreassuring fetal testing.

udden Escalating Hypertension and Imminent or
rank Eclampsia

Controversies remain as whether to and at what level to
reat rapidly rising BP near term or during delivery (a
henomenon often indicating the appearance of pure or
uperimposed preeclampsia). There is further debate on
ow aggressively to lower the BP. The NHBPEP recom-
endations11 state that diastolic levels �105 mm Hg re-

uire treatment (though some contemporary texts still
ecommend �110 mm Hg), with some reservations. Cir-
umstances, such as a teenager whose recent diastolic levels

ere 70 mm Hg or lower, or patients demonstrating signs
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ardiac decompensation, or cerebral symptoms such as ex-
ruciating headache, confusion, or somnolence, warrant
reatment at lower levels.11,13,15

Management of eclamptic convulsions requires paren-
eral magnesium sulfate administration, which is shown to
e superior to either diazepam or phenytoin for both pre-
ention and treatment.13,15,51,57 However, there is no una-
imity as when and who to treat prophylactically. Intrave-
ous magnesium is not without hazard, and some contend
ts risks outweigh those associated with “mild” preeclamp-
ia and that it should be reserved for women with severe
isease.58 Trials to settle these questions are still needed.

hronic Hypertension

Most pregnant women with chronic hypertension have
he “essential” variety, with their disease mild in nature and
f recent origin. The majority of these gestations are un-
omplicated, though outcomes are worse than women with

able 2
rugs for chronic hypertension in pregnancy

rug (Food and Drug
dministration risk)*

Dose

ethyldopa (B) 0.5–3.0 g/d in 2 divided
doses

abetalol (C)† 200–1200 mg/d in 2–3
divided doses

ifedipine (C) 30–120 mg/d of a slow-
release preparation

ydralazine (C) 50–300 mg/d in 2–4
divided doses

-receptor blockers (C) Depends on specific agent

ydrochlorothiazide (C) 25 mg/d

ontraindicated ACE
inhibitors and AT1-
receptor antagonists
(D)‡

ACE, angiotensin-converting enzyme; NHBEP, National High
Note: No antihypertensive drug has been proven safe for use duri

ypertension when diastolic blood pressure is �100 mm Hg (Kor
iabetes mellitus, renal disease, or target organ damage.
* U.S. Food and Drug Administration classification.
† We omit some agents (eg, clonidine, �-blockers) because of l
‡ We would classify in category X during second and third trim
Reprinted with permission from Alpern RJ, Hebert SC. Seldin an
iego, California: Academic Press, Elsevier, 2008: 2386.
ormotensive pregnancies.13,15,20 Chronic hypertension is r
ssociated with increased incidences of placental abruption,
cute renal failure, cardiac decompensation, and cerebral
ccidents in the mother and of growth retardation and un-
xplained mid-trimester fetal death. Such events are mainly
ssociated with superimposed preeclampsia, whose inci-
ence in chronic hypertensives is �20%.59 Risk for com-
lications correlates with the age of the mother, the duration
nd degree of control of her high BP, and the presence of
nd-organ damage. Extremely obese women with chronic
ypertension are at special risk for cardiac decompensation
ear term, and especially if volume loaded during labor.
chocardiography performed earlier in pregnancy may alert

he physician to patients at risk with early evidence of
entricular dysfunction.
The approach to treatment of women with chronic hyper-

ension is also controversial. Although all would treat
omen with severe hypertension, opinions vary as to
hether to treat mild hypertension. In this respect, systemic

rns or Comments

of choice according to NHBEP working group; safety after first
ester well documented, including 7-year follow-up evaluation
ffspring.
g in popularity as concerns relating to growth restriction and

natal bradycardia do not seem to have materialized.
nhibit labor and have synergistic interaction with magnesium
ate; small experience with other calcium-entry blockers.
ontrolled trials, long experience with few adverse events
umented, useful only in combination with sympatholytic agent;

cause neonatal thrombocytopenia.
ause fetal bradycardia and decrease uteroplacental blood flow,
effect may be less for agents with partial agonist activity; may
air fetal response to hypoxic stress; risk for growth retardation
n started in first or second trimester (atenolol).
ity of controlled studies in normotensive pregnant women rather

hypertensive patients, can cause volume depletion and
trolyte disorders; may be useful in combination with
hyldopa and vasodilator to mitigate compensatory fluid
ntion.
sociated with major anomalies plus fetopathy, oligohydramnios,
th restriction, and neonatal anuric renal failure, which may be

l.

Pressure Education Program.
first trimester. Drug therapy is indicated for uncomplicated chronic
V). Treatment at lower levels may be indicated for patients with

data on use for chronic hypertension in pregnancy.

isch’s The Kidney: Physiology and Pathophysiology, 4th ed. San
Conce
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Few c
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d Gieb
eviews of randomized studies to date suggest that treatment
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f mild to moderate hypertension does not prevent super-
mposed preeclampsia or decrease adverse outcomes and
ay even result in smaller fetuses.60 Treatment does appear

o decrease hospitalization of the mother, especially related
o loss of BP control. However, it also appears that many of
he trials reviewed were incomplete and flawed; therefore,
omparing them is difficult because of obvious heterogene-
ty. Better designed, more definitive trials are needed to
esolve this issue.

Given these limitations, the NHBPEP and American Col-
ege of Obstetricians and Gynecologists guidelines11,12 ac-
ept withholding antihypertensive drugs unless diastolic
evels are above 100 mm Hg (but support treatment at lower
evels if there is evidence of end-organ damage or specific
isk factors such as underlying renal disease). In what may
eflect the vagaries of consensus, they noted “endpoints” for
einstating treatment include exceeding threshold BPs of
50 to 160 mm Hg systolic and 100 to 110 mm Hg diastolic.
owever, subsequent retrospective analyses suggest that

erebral vascular accidents in women, especially with su-
erimposed preeclampsia, may occur when systolic levels
xceed 150 (and definitely 160) mm Hg and endorse the
ore firm suggestion that systolic levels be treated when

hey exceed 160 mm Hg.31,61

ntihypertensive Therapy

The reader is referred further to several reviews that
nclude systematic analysis of trials and detailed discussions

able 3
rugs for urgent control of severe hypertension in pregnancy

rug (Food and Drug
dministration risk)*

Dose and Rate

abetalol (C) 20 mg IV, then 20–80 mg every
up to a maximum of 300 mg;
infusion of 1–2 mg/min

ydralazine (C) 5 mg, IV or IM, then 5–10 mg e
min; or constant infusion of 0.

ifedipine (C) Tablets recommended only; 10–3
repeat in 45 min if needed

elatively contraindicated
nitroprusside (C)‡

Constant infusion of 0.5–10 �g/k

IM, intramuscularly; IV, intravenously; NHBEP, National High
Note: Indicated for acute increase of diastolic blood pressure �
* U.S. Food and Drug Administration classification; C indicates

etus (teratogenic, embryocidal, or other) or there are no controlle
rugs only should be given if the potential benefits justify the po
† Adverse effects for all agents, except as noted, may include hea

ypotension and reflex sympathetic activation).
‡ We would classify as category D; there is positive evidence o

cceptable despite the risk (eg, if the drug is needed in a life-threa
sed or are ineffective).
Reprinted with permission from Alpern RJ, Hebert SC. Seldin an
iego, California: Academic Press, Elsevier, 2008: 2387.
f when and how to treat hypertension during preg- i
ancy.13,15,49,62,63 To summarize, clinicians considering the
rescription of antihypertensive drugs to pregnant women
hould be aware of several points. There have been only a
ew large, randomized multicenter trials. Most studies have
een limited in scope, and many therapies were started after
id-gestation, when virtually all the risks of provoking

ongenital malformations have passed. Further, there are no
igorous animal testing requirements to be met before hu-
an trials are undertaken, including standardized means of

valuating the drug effect on the fetus’ ability to withstand
ypoxic stress or more complex analyses of morphologic
nd physiologic variables in newborn animal models. This
tate of affairs should be kept in mind when reviewing the
iterature on antihypertensive therapy in pregnancy. Tables

and 3 summarize the status of antihypertensive drugs
uring gestation, including their pregnancy risk categories
A to D, through X) as defined by the U.S. Food and Drug
dministration.
Briefly, the NHBPEP report11 designated the central ad-

energic inhibitor methyldopa as the “preferred” drug of
hoice based on 20� years of postmarketing surveillance,
everal controlled trials, and the longest follow-up (7.5
ears) in neonates. Adrenergic blocking agents are associ-
ted with an increased incidence of fetal growth restriction
hough the effects are minimal, and many clinicians use the
ombined beta and adrenergic blocker labetalol.15,62 Theo-
etically, there may be synergism between magnesium sul-
ate and calcium-channel blocking agents leading to precip-

Concerns or Comments†

min,
tant

Experience in pregnancy less than with hydralazine;
probably less risk for tachycardia and arrhythmia
than with other vasodilators.

–40
g/h

Drug of choice according to NHBEP working
group; long experience of safety and efficacy.

rally, Possible interference with labor.

Possible cyanide toxicity; agent of last resort.

Pressure Education Program.
m Hg; goal is a gradual reduction to 90 to 100 mm Hg.
ither that studies in animals have revealed adverse effects on the
es in women, or studies in women and animals are not available.
risk to the fetus.
flushing, nausea, and tachycardia (primarily caused by precipitous

an fetal risk, but the benefits of use in pregnant women may be
situation or for a serious disease for which safer drugs cannot be

isch’s The Kidney: Physiology and Pathophysiology, 4th ed. San
20–30
or cons

very 20
5–10 m
0 mg o

g/min

Blood
105 m
that e

d studi
tential
dache,

f hum
tening

d Gieb
tous decreases in BP and even respiratory arrest, but this
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as not been borne by systematic review.64 Other comments
oncerning these agents can be found in Tables 2 and 3.
oth angiotensin-converting enzyme (ACE) inhibitors and
ngiotensin receptor blockers should not be prescribed to
regnant women. Until recently their class D, “black box”
arning focused primarily on their association with fetopa-

hy, including renal failure and death in the neonate. Be-
ause the fetal problems occurred related to events in the
ast two trimesters, some suggested the drug could be used
hrough conception or the initial trimester in situations such
s chronic hypertensives where discontinuing the ACE in-
ibitor or receptor blocker might result in critical difficulties
n reestablishing control with perhaps early pregnancy loss
eg, a hypertensive class C diabetic receiving the drug at
onception). However, it is now more apparent that these
rugs are also associated with serious fetal anomalies65 and
hould not be used early in gestation either.

Information on use of antihypertensive drugs during lac-
ation remains limited. Drugs with high protein binding are
referred (eg, labetalol or propranolol over atenolol and
etoprolol).11,62 ACE inhibitors are important for treating

roteinuric and diabetic patients and can be quickly be
estarted. Diuretics may decrease breast milk production
nd should be withheld.

ther Management Considerations

Obstetrics management, including the current status of
ests to monitor the fetus (eg, electronic fetal heart, moni-
oring, Doppler assessment of the uteroplacental circula-
ion) is beyond the scope of this article and is discussed in
he obstetric literature, including periodic bulletins issued
y the American College of Obstetricians and Gynecolo-
ists.

emote Prognosis

Results of several large epidemiologic studies demon-
trate that women whose pregnancies were complicated by
reeclampsia have more remote cardiovascular and meta-
olic diseases later in life than women who were normo-
ensive during all of their pregnancies.6,13,15,66–68 It also
ppears that those women most likely to develop cardiovas-
ular or metabolic diseases have had early preeclampsia
�34 weeks).67 On the other hand, the few studies compar-
ng the remote prognosis of previous preeclamptics to age-
nd gender-matched populations in the general population
nd minimal or no such increases.15 The best interpretation
f these findings is that preeclampsia is a risk marker of
atients predestined to have future cardiovascular or meta-
olic disease. Such women, therefore, should have more
requent health check-ups and should be advised that life-
tyle and dietary changes may minimize such problems in

he future.
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