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Four types of hypertensive disease: 

u Gestational hypertension—evidence for the 
preeclampsia syndrome does not develop and 
hypertension resolves by 12 weeks postpartum 

u Preeclampsia and eclampsia syndrome 
u Chronic hypertension of any etiology 
u Preeclampsia superimposed on chronic hypertension
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Diagnosis of Hypertensive Disorders 

u Hypertension: BP > 140/90 
u Korotko phase V is used to define 

diastolic pressure. 
u A sudden rise in mean arterial pressure 

later in pregnancy—“delta 
hypertension”—may also signify 
preeclampsia even if blood pressure is 
< 140/90 mm Hg 
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also been used as diagnostic criteria, even when absolute values
were < 140/90 mm Hg. These incremental changes are no longer
recommended criteria because evidence shows that such women 
are not likely to experience increased adverse pregnancy outcomes
(Levine, 2000; North, 1999). That said, women who have a rise in 
pressure of 30 mm Hg systolic or 15 mm Hg diastolic should be 
observed more closely because eclamptic seizures develop in some 
of these women whose blood pressures have stayed < 140/90 mm 
Hg (Alexander, 2006). A sudden rise in mean arterial pressure
later in pregnancy—also known as “delta hypertension”—may 
also signify preeclampsia even if blood pressure is < 140/90 mm
Hg (Macdonald-Wallis, 2012; Vollaard, 2007).

Concept of “Delta Hypertension”
The systolic and diastolic blood pressure levels of 140/90
mm Hg have been arbitrarily used since the 1950s to define

“hypertension” in nonpregnant individuals. As discussed in detail
in Chapter 50 (p. 1000), these levels were selected by insurance 
companies for a group of middle-aged men. It seems more real-
istic to define normal-range blood pressures that fall between an 
upper and lower limit for blood pressure measurements for a par-
ticular population—such as young, healthy, pregnant women. A 
schematic example is shown in Figure 40-1 using arbitrary blood 
pressure readings. Data curves for both women show blood pres-
sure measurements near the 25th percentile until 32 weeks. These
begin to rise in patient B, who by term has substantively increased
blood pressures. However, her pressures are still < 140/90 mm 
Hg, and thus she is considered to be “normotensive.” We termed
this rather acute increase in blood pressure as “delta hyperten-
sion.” As discussed later, some of these women will develop 
eclamptic seizures or HELLP (hemolysis, elevated liver enzyme 
levels, low pplatelet count) syndrome while still normotensive.

 ■ Gestational Hypertension
This diagnosis is made in women whose blood pressures reach
140/90 mm Hg or greater for the first time after midpregnancy, 
but in whom proteinuria is not identified (d Table 40-1). Almost half 
of these women subsequently develop preeclampsia syndrome, 
which includes findings such as headaches or epigastric pain, pro-
teinuria, and thrombocytopenia. Even so, when blood pressure 
increases appreciably, it is dangerous to both mother and fetus to 
ignore this rise only because proteinuria has not yet developed. 
As Chesley (1985) emphasized, 10 percent of eclamptic seizures
develop before overt proteinuria can be detected. Finally, gesta-
tional hypertension is reclassified by some as transient hyperten-
sion if evidence for preeclampsia does not develop and the blood
pressure returns to normal by 12 weeks postpartum.

 ■ Preeclampsia Syndrome
As emphasized throughout this chapter, preeclampsia is best 
described as a pregnancy-specific syndrome that can affect virtually 
every organ system. And, although preeclampsia is much more than 
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FIGURE 40-1 Schematic shows normal reference ranges for 
blood pressure changes across pregnancy. Patient A (blue) has
blood pressures near the 20th percentile throughout pregnancy. 
Patient B (red) has a similar pattern with pressures at about the 
25th percentile until about 36 weeks when blood pressure begins
to increase. By term, it is substantively higher and in the 75th 
percentile, but she is still considered “normotensive.”

TABLE 40-1. Diagnostic Criteria for Pregnancy-Associated Hypertension

Condition Criteria Required

Gestational hypertension BP > 140/90 mmHg after 20 weeks in previously normotensive women
Preeclampsia—Hypertension and:

Proteinuria • ≥ 300 mg/24h, or
• Protein: creatinine ratio ≥ 0.3 or
• Dipstick 1+ persistenta

or
Thrombocytopenia • Platelets < 100,000/µL
Renal insufficiency • Creatinine > 1.1 mg/dL or doubling of baselineb

Liver involvement
Cerebral symptoms

• Serum transaminase levelsc twice normal
• Headache, visual disturbances, convulsions

Pulmonary edema —

aRecommended only if sole available test.
bNo prior renal disease.
cAST (aspartate aminotransferase) or ALT (alanine aminotransferase).
Modified from the American College of Obstetricians and Gynecologists, 2013b.
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1. Gestational Hypertension

u BP >140/90 mm Hg for the first time after 
midpregnancy, but with NO proteinuria

u Almost half of these women subsequently develop 
preeclampsia syndrome

u reclassified by some as “transient hypertension” if 
evidence for preeclampsia does not develop and 
the blood pressure returns to normal by 12 weeks 
postpartum. 
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2. Preeclampsia Syndrome 

u pregnancy-specific syndrome that can affect virtually every organ system

u Hypertension + proteinuria
u proteinuria is an objective marker and reflects the system-wide endothelial leak

1. 24-hour urinary excretion > 300 mg; 

2. urine protein:creatinine ratio ≥ 0.3; 

3. persistent 30 mg/dL (1+ dipstick) protein in random urine samples 

u Evidence of multiorgan involvement may include thrombocytopenia, renal 
dysfunction, hepatocellular necrosis (“liver dysfunction”), central nervous system 
perturbations, or pulmonary edema. 

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



2. Preeclampsia Syndrome 

u Indicators of 

Preeclampsia Severity 
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simply gestational hypertension with proteinuria, appearance of 
proteinuria remains an important diagnostic criterion. Thus, pro-
teinuria is an objective marker and reflects the system-wide endoe -
thelial leak, which characterizes the preeclampsia syndrome.

Abnormal protein excretion is arbitrarily defined by 24-hour 
urinary excretion exceeding 300 mg; a urine protein:creatinine
ratio ≥ 0.3; or persistent 30 mg/dL (1+ dipstick) protein in+ random
urine samples (Lindheimer, 2008a). None of these values is sacro-
sanct, and urine concentrations vary widely during the day, as do
dipstick readings. Thus, assessment may show a dipstick value of 
1+ to 2+ + from concentrated urine specimens from women who +
excrete < 300 mg/day. As discussed on page 740, it is likely that
determination of a spot urine:creatinine ratio is a suitable replace-
ment for a 24-hour urine measurement (Chap. 4, p. 65).

It is now appreciated that overt proteinuria may not be a 
feature in some women with the preeclampsia syndrome (Sibai, 
2009). Because of this, the Task Force (2013) suggested other
diagnostic criteria, which are shown in Table 40-1. Evidence of 
multiorgan involvement may include thrombocytopenia, renal
dysfunction, hepatocellular necrosis (“liver dysfunction”), cen-
tral nervous system perturbations, or pulmonary edema.

Indicators of Preeclampsia Severity
The markers listed in Table 40-1 are also used to classify pre-
eclampsia syndrome severity. Although many use a dichoto-
mous “mild” and “severe” classification, the Task Force (2013)
discourages the use of “mild preeclampsia.” It is problematic that 
there are criteria for the diagnosis of “severe” preeclampsia, but
the default classification is either implied or specifically termed 
as “mild,” “less severe,” or “nonsevere” (Alexander, 2003;
Lindheimer, 2008b). There are no generally agreed-on criteria 
for “moderate” preeclampsia—an elusive third category. We
use the criteria listed in Table 40-2, which are categorized as
“severe” versus “nonsevere.” Importantly, while it is pragmatic
that nonsevere classifications include “moderate” and “mild,”
these have not been specifically defined.

Some symptoms are considered to be ominous. Headaches ors
visual disturbances such as s scotomata can be premonitory sympa -
toms of eclampsia. Epigastric or right upper quadrant pain fre-
quently accompanies hepatocellular necrosis, ischemia, and edema 
that ostensibly stretches Glisson capsule. This characteristic pain is
frequently accompanied by elevated serum hepatic transaminase 
levels. Finally, thrombocytopenia is also characteristic of worsena -
ing preeclampsia as it signifies platelet activation and aggregation
as well as microangiopathic hemolysis. Other factors indicative
of severe preeclampsia include renal or cardiac involvement and 
obvious fetal-growth restriction, which also attests to its duration.

As will be discussed, the more profound these signs and 
symptoms, the less likely they can be temporized, and the
more likely delivery will be required. A caveat is that differen-
tiation between nonsevere and severe gestational hypertension or 
preeclampsia can be misleading because what might be apparently 
mild disease may progress rapidly to severe disease.

Eclampsia
In a woman with preeclampsia, a convulsion that cannot be 
attributed to another cause is termed eclampsia. The seizures are
generalized and may appear before, during, or after labor. The
proportion who do not develop seizures until after 48 hours post-

partum approximates 10 percent (Sibai, 2005). In some reports, 
up to a fourth of eclamptic seizures develop beyond 48 hours
postpartum (Chames, 2002). Our experiences from Parkland
Hospital, however, are that delayed postpartum eclampsia con-
tinues to occur in about 10 percent of cases—similar to what we 
first reported more than 20 years ago (Alexander, 2006; Brown, 
1987). This lower percentage was also found in 222 women 
with eclampsia from The Netherlands (Zwart, 2008).

 ■ Preeclampsia Superimposed on 
Chronic Hypertension

Regardless of its cause, any chronic hypertensive disorder pre-
disposes a woman to develop superimposed preeclampsia syn-
drome. Chronic underlying hypertension is diagnosed in women
with documented blood pressures ≥ 140/90 mm Hg before
pregnancy or before 20 weeks’ gestation, or both. Hypertensive 
disorders can create difficult problems with diagnosis and man-
agement in women who are not first seen until after midpreg-
nancy. This is because blood pressure normally decreases during 
the second and early third trimesters in both normotensive and 
chronically hypertensive women (Chap. 50, p. 1003). Thus, a 
woman with previously undiagnosed chronic vascular disease
who is seen before 20 weeks frequently has blood pressures
within the normal range. During the third trimester, however,
as blood pressures return to their originally hypertensive levels,
it may be difficult to determine whether hypertension is chronic 
or induced by pregnancy. Even a careful search for evidence of 

TABLE 40-2. Indicators of Severity of Gestational 
Hypertensive Disordersa

Abnormality Nonsevereb Severe

Diastolic BP < 110 mm Hg ≥ 110 mm Hg
Systolic BP < 160 mm Hg ≥ 160 mm Hg
Proteinuriac None to positive None to positive
Headache Absent Present
Visual disturbances Absent Present
Upper abdominal 

pain
Absent Present

Oliguria Absent Present
Convulsion 

(eclampsia)
Absent Present

Serum creatinine Normal Elevated
Thrombocytopenia 

(< 100,000/µL)
Absent Present

Serum transaminase 
elevation

Minimal Marked

Fetal-growth 
restriction

Absent Obvious

Pulmonary edema Absent Present

aCompare with criteria in Table 40-1.
bIncludes “mild” and “moderate” hypertension not 
specifically defined.
cMost disregard degrees of proteinuria as being 
nonsevere or severe.
BP =  blood pressure.
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Eclampsia

u In a woman with preeclampsia, a convulsion that cannot 
be attributed to another cause is termed ‘eclampsia’. 

u the seizures are generalized and may appear before, 
during, or after labor. 

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



Preeclampsia Superimposed on Chronic 
Hypertension 

u Chronic underlying hypertension is diagnosed in women with BP 
≥ 140/90 mm Hg before pregnancy or before 20 weeks’ 
gestation, or both. 

u If new-onset or worsening baseline hypertension is accompanied 
by new-onset proteinuria or other findings, then ‘superimposed 
preeclampsia’ is diagnosed. 

u Compared with “pure” preeclampsia, superimposed 
preeclampsia commonly develops earlier in pregnancy. 

u often is accompanied by fetal-growth restriction. 
Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



RISK FACTORS

1. Young and nulliparous women (vulnerable to developing 
preeclampsia)

2. older women (greater risk for chronic hypertension with 
superimposed preeclampsia)

3. environmental, socioeconomic,  seasonal influences 

4. other risk factors associated with preeclampsia include obesity, 
multifetal gestation, maternal age, hyperhomocysteinemia, and 
metabolic syndrome 

5. History of preeclampsia

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



ETIOPATHOGENESIS 

Hypertensive disorders in pregnancy are more likely to develop in 
women with the following characteristics: 
1. Are exposed to chorionic villi for the first time 
2. Are exposed to a superabundance of chorionic villi, as with  

twins or hydatidiform mole 
3. Have preexisting conditions of endothelial cell activation or 

inflammation such as diabetes or renal or cardiovascular 
disease 

4. Are genetically predisposed to hypertension developing 
during pregnancy. 

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



ETIOPATHOGENESIS 

u A fetus is not a requisite for preeclampsia to develop. 
u Presence of chorionic villi is essential, but  need not 

be intrauterine. 

u preeclampsia syndrome is characterized by 
abnormalities that result in vascular endothelial 
damage with resultant vasospasm, transudation of 
plasma, and ischemic and thrombotic sequelae. 

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



Etiology

An imposing number of mechanisms have been proposed to explain 
cause of eclampsia.:
1. Placental implantation with abnormal trophoblastic invasion of 

uterine vessels 
2. Immunological maladaptive tolerance between maternal, 

paternal (placental), and fetal tissues 
3. Maternal maladaptation to cardiovascular or inflammatory 

changes of normal pregnancy 
4. Genetic factors including inherited predisposing genes and 

epigenetic influences. 
Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



Abnormal Trophoblastic Invasion 

u Normal implantation is 
characterized by extensive 
remodeling of the spiral 
arterioles within the decidua 
basalis 

u Endovascular trophoblasts 
replace the vascular 
endothelial and muscular 
linings to enlarge the vessel 
diameter. 
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are manifest by endothelial cell activation or inflammation. Such
conditions include cardiovascular or renal disease, diabetes, obe-
sity, immunological disorders, or hereditary influences.

Such compartmentalization is artificial, and it seems logical
to us that preeclampsia syndrome presents clinically as a spec-
trum of worsening disease. Moreover, evidence is accruing that
many “isoforms” exist as discussed below. Examples include
differences in maternal and fetal characteristics, placental find-
ings, and hemodynamic findings (Phillips, 2010; Valensise,
2008; van der Merwe, 2010).

 ■ Etiology
Writings describing eclampsia have been traced as far back as
2200 bc (Lindheimer, 2014). And, an imposing number of 
mechanisms have been proposed to explain its cause. Those 
currently considered important include:

1. Placental implantation with abnormal trophoblastic inva-
sion of uterine vessels

2. Immunological maladaptive tolerance between maternal,
paternal (placental), and fetal tissues

3. Maternal maladaptation to cardiovascular or inflammatory 
changes of normal pregnancy

4. Genetic factors including inherited predisposing genes and
epigenetic influences.

Abnormal Trophoblastic Invasion
Normal implantation is characterized by extensive remodel-
ing of the spiral arterioles within the decidua basalis as shown 
schematically in Figure  40-2 (Chap. 5, p. 93). Endovascular
trophoblasts replace the vascular endothelial and muscular lin-
ings to enlarge the vessel diameter. The veins are invaded only 
superficially. In some cases of preeclampsia, however, there may 
be incomplete trophoblastic invasion. With this, decidual vessels,
but not myometrial vessels, become lined with endovascular 

trophoblasts. The deeper myometrial arterioles do not lose their
endothelial lining and musculoelastic tissue, and their mean
external diameter is only half that of corresponding vessels in
normal placentas (Fisher, 2014). In general, the magnitude of 
defective trophoblastic invasion is thought to correlate with
severity of the hypertensive disorder (Madazli, 2000).

Using electron microscopy, De Wolf and coworkers (1980)
examined arteries taken from the implantation site. They reported
that early preeclamptic changes included endothelial damage,
insudation of plasma constituents into vessel walls, proliferation of 
myointimal cells, and medial necrosis. Lipid accumulated first in 
myointimal cells and then within macrophages. These lipid-laden
cell changes, shown in Figure 40-3, were referred to as atherosis by s
Hertig (1945). Nelson and colleagues (2014) completed placental
examination in more than 1200 women with preeclampsia. These
investigators reported that vascular lesions including spiral arteriole
narrowing, atherosis, and infarcts were more common in placentas 
from women diagnosed with preeclampsia before 34 weeks.

Thus, the abnormally narrow spiral arteriolar lumen likely 
impairs placental blood flow. McMahon and colleagues
(2014) have provided evidence that decreased soluble anti-
angiogenic growth factors may be involved in faulty endo-
vascular remodeling. Diminished perfusion and a hypoxic
environment eventually lead to release of placental debris ors
microparticles that incite a systemic inflammatory responses
(Lee, 2012; Redman, 2012). Fisher and Roberts (2014) have
provided an elegant review of the molecular mechanisms
involved in these interactions.

Defective placentation is posited to further cause the suscep-
tible (pregnant) woman to develop gestational hypertension, the
preeclampsia syndrome, preterm delivery, a growth-restricted
fetus, and/or placental abruption (Brosens, 2011; Kovo, 2010;
McElrath, 2008; Nelson, 2014). In addition, Staff and cowork-
ers (2013) have hypothesized that acute atherosis identifies a 
group of women at increased risk for later atherosclerosis and
cardiovascular disease.

cytiotrophoblastSync
trophoblastCytot

Extravillous trophoblastts

Spiral arteries

Interstitial extravillous
trophoblast

Endovascular extravilloous
trophoblast

Anchoring villi

NORMAL PREECLAMPSIA

FIGURE 40-2 Schematic representation of normal placental implantation shows proliferation of extravillous trophoblasts from an
anchoring villus. These trophoblasts invade the decidua and extend into the walls of the spiral arteriole to replace the endothelium and
muscular wall to create a dilated low-resistance vessel. With preeclampsia, there is defective implantation characterized by incomplete
invasion of the spiral arteriolar wall by extravillous trophoblasts. This results in a small-caliber vessel with high resistance to flow.
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Abnormal Trophoblastic Invasion 

u In preeclampsia, there may be incomplete 
trophoblastic invasion. 

u the deeper myometrial arterioles do not lose 
their endothelial lining and musculoelastic 
tissue, and their mean external diameter is 
only half that of corresponding vessels in 
normal placentas 

u In general, the magnitude of defective 
trophoblastic invasion is thought to correlate 
with severity of the hypertensive disorder 
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are manifest by endothelial cell activation or inflammation. Such
conditions include cardiovascular or renal disease, diabetes, obe-
sity, immunological disorders, or hereditary influences.

Such compartmentalization is artificial, and it seems logical
to us that preeclampsia syndrome presents clinically as a spec-
trum of worsening disease. Moreover, evidence is accruing that
many “isoforms” exist as discussed below. Examples include
differences in maternal and fetal characteristics, placental find-
ings, and hemodynamic findings (Phillips, 2010; Valensise,
2008; van der Merwe, 2010).

 ■ Etiology
Writings describing eclampsia have been traced as far back as
2200 bc (Lindheimer, 2014). And, an imposing number of 
mechanisms have been proposed to explain its cause. Those 
currently considered important include:

1. Placental implantation with abnormal trophoblastic inva-
sion of uterine vessels

2. Immunological maladaptive tolerance between maternal,
paternal (placental), and fetal tissues

3. Maternal maladaptation to cardiovascular or inflammatory 
changes of normal pregnancy

4. Genetic factors including inherited predisposing genes and
epigenetic influences.

Abnormal Trophoblastic Invasion
Normal implantation is characterized by extensive remodel-
ing of the spiral arterioles within the decidua basalis as shown 
schematically in Figure  40-2 (Chap. 5, p. 93). Endovascular
trophoblasts replace the vascular endothelial and muscular lin-
ings to enlarge the vessel diameter. The veins are invaded only 
superficially. In some cases of preeclampsia, however, there may 
be incomplete trophoblastic invasion. With this, decidual vessels,
but not myometrial vessels, become lined with endovascular 

trophoblasts. The deeper myometrial arterioles do not lose their
endothelial lining and musculoelastic tissue, and their mean
external diameter is only half that of corresponding vessels in
normal placentas (Fisher, 2014). In general, the magnitude of 
defective trophoblastic invasion is thought to correlate with
severity of the hypertensive disorder (Madazli, 2000).

Using electron microscopy, De Wolf and coworkers (1980)
examined arteries taken from the implantation site. They reported
that early preeclamptic changes included endothelial damage,
insudation of plasma constituents into vessel walls, proliferation of 
myointimal cells, and medial necrosis. Lipid accumulated first in 
myointimal cells and then within macrophages. These lipid-laden
cell changes, shown in Figure 40-3, were referred to as atherosis by s
Hertig (1945). Nelson and colleagues (2014) completed placental
examination in more than 1200 women with preeclampsia. These
investigators reported that vascular lesions including spiral arteriole
narrowing, atherosis, and infarcts were more common in placentas 
from women diagnosed with preeclampsia before 34 weeks.

Thus, the abnormally narrow spiral arteriolar lumen likely 
impairs placental blood flow. McMahon and colleagues
(2014) have provided evidence that decreased soluble anti-
angiogenic growth factors may be involved in faulty endo-
vascular remodeling. Diminished perfusion and a hypoxic
environment eventually lead to release of placental debris ors
microparticles that incite a systemic inflammatory responses
(Lee, 2012; Redman, 2012). Fisher and Roberts (2014) have
provided an elegant review of the molecular mechanisms
involved in these interactions.

Defective placentation is posited to further cause the suscep-
tible (pregnant) woman to develop gestational hypertension, the
preeclampsia syndrome, preterm delivery, a growth-restricted
fetus, and/or placental abruption (Brosens, 2011; Kovo, 2010;
McElrath, 2008; Nelson, 2014). In addition, Staff and cowork-
ers (2013) have hypothesized that acute atherosis identifies a 
group of women at increased risk for later atherosclerosis and
cardiovascular disease.
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FIGURE 40-2 Schematic representation of normal placental implantation shows proliferation of extravillous trophoblasts from an
anchoring villus. These trophoblasts invade the decidua and extend into the walls of the spiral arteriole to replace the endothelium and
muscular wall to create a dilated low-resistance vessel. With preeclampsia, there is defective implantation characterized by incomplete
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Immunological Factors 

u Loss of maternal immune tolerance to paternally-derived 
placental and fetal antigens

u Preeclampsia may  be an immune-mediated disorder. 
u For example, the risk of preeclampsia is appreciably 

enhanced in circumstances in which formation of blocking 
antibodies to placental antigenic sites might be impaired à
the first pregnancy would carry a higher risk.

u In women destined to be preeclamptic, extravillous trophoblasts 
early in pregnancy express reduced amounts of 
immunosuppressive nonclassic HLA G. 

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



Endothelial Cell Activation 

u antiangiogenic and metabolic factors and other inflammatory 
mediators are thought to provoke endothelial cell injury. 

u Endothelial cell dysfunction may result from an extreme activated 
state of leukocytes in the maternal circulation 

u cytokines such as tumor necrosis factor-α (TNF-α) and the 
interleukins (IL) may contribute to the oxidative stress associated 
with preeclampsia. 

u activation of microvascular coagulation manifest by 
thrombocytopenia; and increased capillary permeability manifest 
by edema and proteinuria. 

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



Genetic factors

u preeclampsia is a multifactorial, polygenic disorder. 
u incident risk for preeclampsia: 

u 20 to 40 percent for daughters of preeclamptic mothers
u 11 to 37 percent for sisters of preeclamptic women
u 22 to 47 percent for twins

u hereditary predisposition for preeclampsia likely is the result of 
interactions of literally hundreds of inherited genes— both 
maternal and paternal—that control myriad enzymatic and 
metabolic functions throughout every organ system. 

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



Pathogenesis: vasospasm

u Endothelial activation causes vascular constriction with increased 
resistance and subsequent hypertension. 

u Endothelial cell damage causes interstitial leakage through which 
blood constituents, including platelets and fibrinogen, are 
deposited subendothelialy

u with diminished blood flow because of maldistribution, ischemia of 
the surrounding tissues can lead to necrosis, hemorrhage, and 
other end-organ disturbances characteristic of the syndrome. 

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



PATHOGENESIS: ENDOTHELIAL CELL INJURY

u Endothelial cell injury has become the centerpiece in the contemporary 
understanding of preeclampsia pathogenesis 

u Protein factor(s)—likely placental—are secreted into the maternal circulation 
and provoke activation and dysfunction of the vascular endothelium. 

u Many of the facets of the clinical syndrome of preeclampsia are thought to 
result from these widespread endothelial cell changes. 

u Intact endothelium has anticoagulant properties, and endothelial cells blunt 
the response of vascular smooth muscle to agonists by releasing nitric oxide. 

u Damaged or activated endothelial cells may produce less nitric oxide and secrete 
substances that promote coagulation and increase sensitivity to vasopressors 

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



Pathophysiology: cardiovascular system

u Severe disturbances of normal cardiovascular function are 
common with preeclampsia syndrome, due to:

1. increased cardiac afterload caused by hypertension
2. cardiac preload, which is affected negatively by 

pathologically diminished hypervolemia of pregnancy and is 
increased by intravenous crystalloid or oncotic solutions

3. endothelial activation with interendothelial extravasation of 
intravascular fluid into the extracellular space and importantly, 
into the lungs

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



Pathophysiology: cardiovascular system

u With the clinical onset of preeclampsia, cardiac output declines, 
due to increased peripheral resistance. 

u (+) hyperdynamic ventricular function, elevated pulmonary 
capillary wedge pressures:
1. pulmonary edema may develop despite normal ventricular 

function because of an alveolar endothelial-epithelial leak 
2. aggressive fluid administration substantially elevates normal 

left-sided filling pressures and increases a physiologically 
normal cardiac output to hyperdynamic levels. 

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



Pathophysiology: cardiovascular system

u (+) hemoconcentration - results from generalized vasoconstriction that 
follows endothelial activation and leakage of plasma into the interstitial 
space because of increased permeability (lower blood volume than 
normal pregnant women)

u Women with eclampsia: 
u Are unduly sensitive to vigorous fluid therapy administered in an 

attempt to expand the contracted blood volume to normal 
pregnancy levels 

u Are sensitive to amounts of blood loss at delivery that are considered 
normal for a normotensive woman. 
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Pathophysiology: hematologic changes

THROMBOCYTOPENIA
u Overt thrombocytopenia - platelet count < 100,000/µL—indicates severe 

disease 
u the lower the platelet count, the higher the rates of maternal and fetal 

morbidity and mortality 
u In most cases, delivery is advisable because thrombocytopenia usually 

continues to worsen. 
u After delivery, the platelet count may continue to decline for the first day 

or so à increases progressively to reach a normal level within 3 to 5 days. 
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Pathophysiology: hematologic changes

HEMOLYSIS
u manifested by elevated serum lactate dehydrogenase levels and 

decreased haptoglobin levels. 
u Other evidence comes from schizocytosis, spherocytosis, and 

reticulocytosis in peripheral blood 
u result from microangiopathic hemolysis caused by endothelial 

disruption with platelet adherence and fibrin deposition. 
u Erythrocytic membrane changes, increased adhesiveness, and 

aggregation may also promote a hypercoagulable state 
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Pathophysiology: hematologic changes

HELLP SYNDROME
u HEMOLYSIS, ELEVATED LIVER ENZYMES, LOW PLATELET COUNT
u abnormally elevated serum liver transaminase levels are indicative 

of hepatocellular necrosis 
u included in criteria that differentiate severe from nonsevere

preeclampsia. 
u Complete or Partial HELLP (one or two but not all three of the         

laboratory findings. )
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Pathophysiology:  Fluid and Electrolyte Changes 

u In women with severe preeclampsia, the volume of extracellular fluid, 
manifest as edema à greater than that in normal pregnant women. 

u the mechanism responsible for pathological fluid retention is thought to 
be endothelial injury 

u plasma oncotic pressure à creates a filtration imbalance and further 
displaces intravascular fluid into the surrounding interstitium. 

u Following an eclamptic convulsion, the serum pH and bicarbonate 
concentration are lowered due to lactic acidosis and compensatory 
respiratory loss of carbon dioxide.. 
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Pathophysiology: kidney

u renal perfusion and glomerular filtration are reduced. 
u decreased glomerular filtration may result from reduced plasma 

volume. Most of the decrement, however, is from increased renal    
afferent arteriolar resistance that may be elevated up to 5 fold à
OLIGURIA

u Intensive intravenous fluid therapy is not indicated as “treatment” 
for preeclamptic women with oliguria, as rapid infusions may cause 
clinically apparent pulmonary edema. 
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Pathophysiology: LIVER

u Severe preeclampsia may manifest 
with moderate to severe right-upper 
quadrant or midepigastric pain and 
tenderness:  secondary to 
hepatocellular infarction/hemorrhagic 
necrosis, or rarely liver hematomas.
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Pathophysiology:  Neurological 
Manifestations 

u Severe preeclampsia may manifest with headache and scotomata and are 
thought to arise from cerebrovascular hyperperfusion that has a 
predilection for the occipital lobes. 

u 20 to 30 % have visual changes preceding eclamptic convulsions. 

u headaches may be mild to severe and do not usually respond to traditional 
analgesia, but they do improve after magnesium sulfate infusion is initiated. 

u Convulsions are a second potential manifestation and are diagnostic for 
eclampsia à caused by excessive release of excitatory neurotransmitters—
especially glutamate; massive depolarization of network neurons; and bursts 
of action potentials 
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Pathophysiology:  Neurological 
Manifestations 

u blindness is rare with preeclampsia alone, but it complicates eclamptic 
convulsions in up to 15 percent of women.

u usually improve with magnesium sulfate therapy and/or lowered blood 
pressure.

u is usually reversible, and may arise from three potential areas: visual cortex 
of the occipital lobe, the lateral geniculate nuclei, and the retina. 
u Occipital blindness is also called “amaurosis”— Affected women usually have 

evidence of extensive occipital lobe vasogenic edema on imaging studies.
u occipital blindness lasted from 4 hours to 8 days, but it resolves completely 

u Rarely, extensive cerebral infarctions may result in total or partial visual defects 
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Pathophysiology:  Neurological 
Manifestations 

u Blindness from retinal lesions is 
caused either by serous retinal 
detachment or rarely by retinal 
infarction, which is termed 
Purtscher retinopathy 

u Serous retinal detachment is 
usually unilateral and seldom 
causes total visual loss. 
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Pathophysiology:  Neurological 
Manifestations 

u generalized cerebral edema may develop and is usually 
manifest by mental status changes that vary from confusion to 
coma. à dangerous because fatal transtentorial herniation may 
result. 
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disease have abnormal uterine artery velocimetry (Li, 2005). In
a study of 50 women with HELLP syndrome, only a third had
abnormal uterine artery waveforms (Bush, 2001). In general,
the extent of abnormal waveforms correlates with severity of 
fetal involvement (Ghidini, 2008; Groom, 2009).

PREDICTION AND PREVENTION

 ■ Prediction
Measurement during early pregnancy—or across pregnancy—
of various biological, biochemical, and biophysical markers
implicated in preeclampsia syndrome pathophysiology has
been proposed to predict its development. Attempts have been 
made to identify early markers of faulty placentation, impaired
placental perfusion, endothelial cell activation and dysfunction,
and activation of coagulation. For the most, these have resulted
in testing strategies with poor sensitivity and with poor positive-
predictive value for preeclampsia (Conde-Agudelo, 2014;
Lindheimer, 2008b; Odibo, 2013). Currently, no screening tests
are predictably reliable, valid, and economical (Kleinrouweler,
2012). There are, however, combinations of tests, some yet to
be adequately evaluated, that may be promising (Dugoff, 2013;
Kuc, 2011; Navaratnam, 2013; Olsen, 2012).

The list of predictive factors evaluated during the past three
decades is legion. Although most have been evaluated in the first 
half of pregnancy, some have been tested as predictors of sever-
ity in the third trimester (Chaiworapongsa, 2013; Mosimann,
2013; Rana, 2012). Others have been used to forecast recurrent
preeclampsia (Demers, 2014). Some of these tests are listed in 
Table 40-4, which is by no means all inclusive. Conde-Agudelo 
and coworkers (2014) have recently provided a thorough review 
of many of these testing strategies.

Vascular Resistance Testing and 
Placental Perfusion
Most of these are cumbersome, time consuming, and overall
inaccurate.

Provocative Pressor Tests. Three tests have been exten-
sively evaluated to assess the blood pressure rise in response to a 
stimulus. The roll-over test measures the hypertensive response int
women at 28 to 32 weeks who are resting in the left lateral decu-
bitus position and then roll over to the supine position. Increased
blood pressure signifies a positive test. The isometric exercise test
employs the same principle by squeezing a handball. The angioten-
sin II infusion test is performed by giving incrementally increasing t
doses intravenously, and the hypertensive response is quantified.
In their updated metaanalysis, Conde-Agudelo and associates 
(2014) found sensitivities of all three tests to range from 55 to 
70 percent, and specificities approximated 85 percent.

Uterine Artery Doppler Velocimetry. Faulty trophoblas-
tic invasion of the spiral arteries, which is depicted in Figure
40-2, results in diminished placental perfusion and upstream
increased uterine artery resistance. Increased uterine artery 
velocimetry determined by Doppler ultrasound in the first two
trimesters should provide indirect evidence of this process and 
thus serve as a predictive test for preeclampsia (Gebb, 2009a,b;
Groom, 2009). As described on page 745 and in Chapter 10 
(p. 220), increased flow resistance results in an abnormal waveform 
represented by an exaggerated diastolic notch. These have value for
fetal-growth restriction but not preeclampsia (American College
of Obstetricians and Gynecologists, 2013a). Several flow velocity 
waveforms—alone or in combination—have been investigated
for preeclampsia prediction. In some of these, predictive values
for early-onset preeclampsia were promising (Herraiz, 2012).

TABLE 40-4. Predictive Tests for Development of the Preeclampsia Syndrome

Testing Related To: Examples

Placental perfusion/
vascular resistance

Roll-over test, isometric handgrip or cold pressor test, pressor response to aerobic exercise, 
angiotensin-II infusion, midtrimester mean arterial pressure, platelet angiotensin-II binding,
renin, 24-hour ambulatory blood pressure monitoring, uterine artery or fetal transcranial 
Doppler velocimetry

Fetal-placental unit 
endocrine dysfunction

Human chorionic gonadotropin (hCG), alpha-fetoprotein (AFP), estriol, pregnancy-associated
protein A (PAPP A), inhibin A, activin A, placental protein 13, corticotropin-releasing 
hormone, A disintegrin, ADAM-12, kisspeptin

Renal dysfunction Serum uric acid, microalbuminuria, urinary calcium or kallikrein, microtransferrinuria,
N-acetyl-β-glucosaminidase, cystatin C, podocyturia

Endothelial dysfunction/ 
oxidant stress

Platelet count and activation, fibronectin, endothelial adhesion molecules, prostaglandins, 
prostacyclin, MMP-9, thromboxane, C-reactive protein, cytokines, endothelin, neurokinin B, 
homocysteine, lipids, insulin resistance, antiphospholipid antibodies, plasminogen activator-
inhibitor (PAI), leptin, p-selectin, angiogenic factors such as placental growth factor (PlGF),
vascular endothelial growth factor (VEGF), fms-like tyrosine kinase receptor-1 (sFlt-1), endoglin

Others Antithrombin-III(AT-3), atrial natriuretic peptide (ANP), β2-microglobulin, haptoglobin,
transferrin, ferritin, 25-hydroxyvitamin D, genetic markers, cell-free fetal DNA, serum and 
urine proteomics and metabolomic markers, hepatic aminotransferases

ADAM12 = ADAM metallopeptidase domain 12; MMP = matrix metalloproteinase.
Adapted from Conde-Agudelo, 2014.Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 24th edition; 2014; chap 40 Hypertensive disorders



Prediction and prevention: vascular 
resistance testing

Provocative Pressor Tests. 

u Three tests have been extensively evaluated to assess the blood pressure rise in 
response to a stimulus:

u Roll-over test measures the hypertensive response in women at 28 to 32 weeks 
who are resting in the left lateral decubitus position and then roll over to the 
supine position. 

u Increased blood pressure signifies a positive test. 

u Isometric exercise test employs the same principle by squeezing a handball. 

u Angiotensin II infusion test is performed by giving incrementally increasing 
doses intravenously, and the hypertensive response is quantified. 
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Prediction and prevention: vascular 
resistance testing

Uterine Artery Doppler Velocimetry
u Faulty trophoblastic invasion of the spiral arteries, results in 

diminished placental perfusion and upstream increased uterine 
artery resistance. 

u Increased uterine artery velocimetry determined by Doppler 
ultrasound in the first two trimesters should provide indirect evidence 
of this process and thus serve as a predictive test for preeclampsia 

u increased flow resistance results in an abnormal waveform 
represented by an exaggerated diastolic notch. 
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 ■ Prevention
Various strategies used to prevent or modify preeclampsia 
severity have been evaluated. Some are listed in Table 40-5. In
general, none of these has been found to be convincingly and 
reproducibly effective.

Dietary and Lifestyle Modifications
A favorite of many theorists and faddists for centuries, dietary 
“treatment” for preeclampsia has produced some interesting 
abuses as chronicled by Chesley (1978).

Low-Salt Diet. One of the earliest research efforts to prevent 
preeclampsia was salt restriction (De Snoo, 1937). This inter-
diction was followed by years of inappropriate diuretic therapy.
Although these practices were discarded, it ironically was not 
until relatively recently that the first randomized trial was done
and showed that a sodium-restricted diet was ineffective in pre-
venting preeclampsia in 361 women (Knuist, 1998). Guidelines
from the United Kingdom National Institute for Health and
Clinical Excellence (2010) recommend against salt restrictions.

Calcium Supplementation. Studies performed in the 1980s
outside the United States showed that women with low dietary 
calcium intake were at significantly increased risk for gestational 
hypertension (Belizan, 1980; López-Jaramillo, 1989; Marya,
1987). Calcium supplementation has been studied in several
trials, including one by the National Institute of Child Health
and Human Development (NICHD) that included more than
4500 nulliparous women (Levine, 1997). In one recent meta-
analysis, Patrelli and coworkers (2012) reported that increased
calcium intake lowered the risk for preeclampsia in high-risk 
women. In aggregate, most of these trials have shown that
unless women are calcium deficient, supplementation has no
salutary effects (Staff, 2014).

Fish Oil Supplementation. Cardioprotective fatty acids
found in some fatty fishes are plentiful in diets of Scandinavians 
and American Eskimos. The most common dietary sources
are EPA—eicosapentaenoic acid, ALA—alpha-linoleic acid,
and DHA—docosahexaenoic acid. With proclamations that
supplementation with these fatty acids would prevent inflam-
matory-mediated atherogenesis, it was not a quantum leap to 
posit that they might also prevent preeclampsia. Unfortunately,

randomized trials conducted thus far have shown no such ben-
efits (Makrides, 2006; Olafsdottir, 2006; Olsen, 2000; Zhou,
2012a).

Exercise. There are a few studies done to assess the protective 
effects of physical activity on preeclampsia. In their systematic
review, Kasawara and associates (2012) reported a trend toward
risk reduction with exercise. More research is needed in this
area (Staff, 2014).

Antihypertensive Drugs
Because of the putative effects of sodium restriction, diuretic
therapy became popular with the introduction of chlorothiazide
in 1957 (Finnerty, 1958; Flowers, 1962). In their metaanalysis,
Churchill and colleagues (2007) summarized nine randomized
trials that included more than 7000 pregnancies. They found
that women given diuretics had a decreased incidence of edema 
and hypertension but not of preeclampsia.

Because women with chronic hypertension are at high
risk for preeclampsia, several randomized trials—only a few 
placebo-controlled—have been done to evaluate various anti-
hypertensive drugs to reduce the incidence of superimposed
preeclampsia. A critical analysis of these trials by Staff and 
coworkers (2014) failed to demonstrate salutary effects.

Antioxidants
There are inferential data that an imbalance between oxidant
and antioxidant activity may play an important role in the 
pathogenesis of preeclampsia (p. 747). Thus, naturally occur-
ring antioxidants—vitamins C, D, and E—might decrease
such oxidation. Indeed, women who developed preeclampsia 
were found to have reduced plasma levels of these antioxi-
dants (De-Regil, 2012; Raijmakers, 2004). There have now 
been several randomized studies to evaluate vitamin supple-
mentation for women at high risk for preeclampsia (Poston,
2006; Rumbold, 2006; Villar, 2007). The one by the MFMU 
Network included almost 10,000 low-risk nulliparas (Roberts,
2009). None of these studies showed reduced preeclampsia 
rates in women given vitamins C and E compared with those
given placebo. The recent metaanalysis by De-Regil and col-
leagues (2012) likewise showed no benefits of vitamin D sup-
plementation.

The rationale for the use of statins to prevent preeclampsia s
is that they stimulate hemoxygenase-1 expression that inhibits 
sFlt-1 release. There are preliminary animal data that statins
may prevent hypertensive disorders of pregnancy. The MFMU
Network plans a randomized trial to test pravastatin for this
purpose (Costantine, 2013).

Antithrombotic Agents
There are sound theoretical reasons that antithrombotic agents
might reduce the incidence of preeclampsia. As discussed on
page 734, the syndrome is characterized by vasospasm, endo-
thelial cell dysfunction, and inflammation, as well as activation
of platelets and the coagulation-hemostasis system. Moreover,
prostaglandin imbalance(s) may be operative, and other
sequelae include placental infarction and spiral artery throm-
bosis (Nelson, 2014).

TABLE 40-5. Some Methods to Prevent Preeclampsia That
Have Been Evaluated in Randomized Trials

Dietary manipulation—low-salt diet, calcium or fish oil 
supplementation

Exercise—physical activity, stretching
Cardiovascular drugs—diuretics, antihypertensive drugs
Antioxidants—ascorbic acid (vitamin C), α-tocopherol

(vitamin E), vitamin D
Antithrombotic drugs—low-dose aspirin, aspirin/

dipyridamole, aspirin + heparin, aspirin + ketanserin

Modified from Staff, 2014.
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Management

u management varies with the severity of endothelial cell injury and multiorgan 
dysfunction. 

u Increased surveillance permits more prompt recognition of ominous changes in 
blood pressure, critical laboratory findings, and clinical signs and symptoms

u basic management objectives for any pregnancy complicated by 
preeclampsia are: 

u (1) termination of pregnancy with the least possible trauma to mother and 
fetus

u (2) birth of an infant who subsequently thrives

u (3) complete restoration of health to the mother
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Management : evaluation

A systematic evaluation is instituted to include the following: 

1. Detailed examination, which is followed by daily scrutiny for clinical findings 
such as headache, visual disturbances, epigastric pain, and rapid weight 
gain 

2. Weight determined daily 

3. Analysis for proteinuria or urine protein:creatinine ratio 

4. Blood pressure readings 

5. serum creatinine, complete blood count with platelet, liver enzymes

6. Evaluation of fetal size and well-being and amnionic fluid volume
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Goals of management 

1. early identification of worsening 
preeclampsia

2. development of a management 
plan for timely delivery. 
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Consideration for Delivery 

u Termination of pregnancy is the only cure for preeclampsia. 
u Headache, visual disturbances, oliguria, and epigastric pain 

are  ominous signs. (may be indicative that convulsions may be 
imminent)

u Severe preeclampsia demands anticonvulsant and 
antihypertensive therapy, followed by delivery.

u Goals of treatment are to forestall convulsions, to prevent 
intracranial hemorrhage and serious damage to other vital 
organs, and to deliver a healthy newborn. 
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Consideration for delivery

u In cases of mild poreeclampsia and the fetus is preterm: 
u we can delay delivery in the hope that a few more weeks in utero 

will reduce the risk of neonatal death or serious morbidity from 
prematurity. 

u Assessments of fetal well-being and placental function (nonstress 
test or the biophysical profile)

u Measurement of the lecithin-sphingomyelin (L/S) ratio in amnionic
fluid may provide evidence of lung maturity
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Consideration for delivery

u With moderate or severe preeclampsia that does not improve 
after hospitalization, delivery is advisable for the welfare of 
both mother and fetus. 

u Labor induction is carried out, usually with preinduction
cervical ripening from a prostaglandin or osmotic dilator 

uWhenever it appears that induction almost certainly will not 
succeed or attempts have failed, then cesarean delivery is 
indicated. 
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Glucocorticoids for Lung Maturation 

u Glucocorticoids have been administered to women with severe 
hypertension who are remote from term. 

u Treatment does not seem to worsen maternal hypertension, and 
a decrease in the incidence of respiratory distress and improved 
fetal survival has been noted.

u Neonatal complications, including respiratory distress, 
intraventricular hemorrhage, and death, were decreased 
significantly when betamethasone was given compared with 
placebo. 
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corticosteroid treatment for thrombocytope-
nia with HELLP syndrome. A caveat is that in 
women with dangerously low platelet counts, 
corticosteroids might serve to increase platelets.t

Expectant Managment—Risks versus 
Benefits—Recommendations
Taken in toto, these studies do not show over-
whelming benefits compared with risks for expect-
ant management of severe preeclampsia in those
with gestations from 24 to 32 weeks. The Society 
for Maternal-Fetal Medicine (2011) has deter-
mined that such management is a reasonable alter-
native in selected women with severe preeclampsia 
before 34 weeks. The Task Force of the American
College of Obstetricians and Gynecologists
(2013b) supports this recommendation. As shown
in Figure 40-17, such management calls for in-
hospital maternal and fetal surveillance with deliv-
ery prompted by evidence for worsening severe 
preeclampsia or maternal or fetal compromise.
Although attempts are made for vaginal delivery 
in most cases, the likelihood of cesarean delivery 
increases with decreasing gestational age.

Our view is more conservative. Undoubtedly, 
the overriding reason to terminate pregnancies 
with severe preeclampsia is maternal safety. There
are no data to suggest that expectant management is 
beneficial for the mother. Indeed, it seems obvious 
that a delay to prolong gestation in women with 
severe preeclampsia may have serious maternal 
consequences such as those shown in Table 40-9.
Notably, placental abruption develops in up to 20
percent, and pulmonary edema in as many as 4
percent. Moreover, there are substantive risks for
eclampsia, cerebrovascular hemorrhage, and espe-
cially maternal death. These observations are even
more pertinent when considered with the absence 
of convincing evidence that perinatal outcomes are 
markedly improved by the average prolongation of 
pregnancy of about 1 week. If undertaken, the cave-
ats that mandate delivery shown in Table 40-10 
should be strictly heeded.

 ■ Eclampsia
Preeclampsia complicated by generalized tonic-
clonic convulsions appreciably increases the risk to
both mother and fetus. Mattar and Sibai (2000) 
described outcomes in 399 consecutive women with 
eclampsia from 1977 through 1998. Major maternal 
complications included placental abruption—10 per-
cent, neurological deficits—7 percent, aspiration 
pneumonia—7 percent, pulmonary edema—5 
percent, cardiopulmonary arrest—4 percent, and 
acute renal failure—4 percent. Moreover, 1 percent 
of these women died.
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FIGURE 40-16 Recovery times for platelet counts and serum aspartate 
aminotransferase (AST) levels in women with HELLP syndrome assigned to
receive treatment with dexamethasone or placebo. (Data from Katz, 2008.)

Severe preeclampia
• Admit to L&D
• Maternal and fetal assessment
• Consider MgSO4
• Treat dangerous hTT ypertension

Contraindications to conservative management
• Persistent symptoms or severe hypertension
• Eclampsia, pulmonary edema, HELLP syndrome
• Significant renal dysfunction, coagulopathy
• Abruption
• Previable fetus
• Fetal compromise

Present

Develop

contraindications

Develop

contraindications

Absent

Initial 24–48 hour observation
• Corticosteroids for lung maturation
• Frequent evaluation: vital signs, UOP
• Daily lab evaluation for HELLP syndrome

Ongoing inpatient management
• Daily maternal assessment
• Serial lab evaluation of renal function
 and  for HELLP syndrome

• Daily fetal assessment and evaluation of
 serial growth and amnionic fluid volume

Deliver at 34 weeks

Deliver

FIGURE 40-17 Schematic clinical management algorithm for suspected severe 
preeclampsia at < 34 weeks. HELLP = hemolysis, elevated liver enzyme levels, 
low platelet count; L&D = labor and delivery; MgSO4 = magnesium sulfate; UOP =
urine output. (Adapted from the Society for Maternal-Fetal Medicine, 2011.)

Management 
algorithm for 
severe 
preeclampsia       
< 34 weeks
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Indications for 
delivery in 
severe 
preeclampsia       
< 34 weeks
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European maternity units also report excessive maternal and
perinatal morbidity and mortality rates with eclampsia. In a 
report from Scandinavia, Andersgaard and associates (2006)
described 232 women with eclampsia. Although there was
but a single maternal death, a third of the women experienced
major complications that included HELLP syndrome, renal
failure, pulmonary edema, pulmonary embolism, and stroke.
The United Kingdom Obstetric Surveillance System (UKOSS)
audit reported by Knight (2007) described no maternal deaths 
in 214 eclamptic women, but five women experienced cere-
bral hemorrhage. In The Netherlands, there were three mater-
nal deaths among 222 eclamptic women (Zwart, 2008). From
Dublin, Akkawi and coworkers (2009) reported four maternal
deaths among 247 eclamptic women (Akkawi, 2009). Data 
from Australia are similar (Thornton, 2013). Thus, in devel-
oped countries, the maternal mortality rate approximates
1 percent in women with eclampsia. In perspective, this is a 
thousand-fold increase above the overall maternal death rates
for these countries.

Almost without exception—but at times unnoticed—
preeclampsia precedes the onset of eclamptic convulsions.
Depending on whether convulsions appear before, during, or
after labor, eclampsia is designated as antepartum, intrapar-
tum, or postpartum. Eclampsia is most common in the last tri-
mester and becomes increasingly frequent as term approaches.
In more recent years, the incidence of postpartum eclampsia 
has risen. This is presumably related to improved access to pre-
natal care, earlier detection of preeclampsia, and prophylac-

FIGURE 40-18 Hematoma of tongue from laceration during an
eclamptic convulsion. Thrombocytopenia may have contributed to
the bleeding.

TABLE 40-10. Indications for Delivery in Women
< 34 Weeks’ Gestation Managed 
Expectantly

Corticosteroid Therapy for Lung Maturationa and
Delivery after Maternal Stabilization:
Uncontrolled severe hypertension
Eclampsia
Pulmonary edema
Placental abruption
Disseminated intravascular coagulation
Nonreassuring fetal status
Fetal demise

Corticosteroid Therapy for Lung Maturation—Delay 
Delivery 48 hr If Possible:
Preterm ruptured membranes or labor
Thrombocytopenia < 100,000/µL
Hepatic transaminase levels twice upper limit of normal
Fetal-growth restriction
Oligohydramnios
Reversed end-diastolic Doppler flow in umbilical artery
Worsening renal dysfunction

aInitial dose only, do not delay delivery.
From the Society for Maternal-Fetal Medicine, 2011, and
the Task Force of the American College of Obstetricians
and Gynecologists, 2013b.

tic use of magnesium sulfate (Chames, 2002). Importantly,
other diagnoses should be considered in women with convul-
sions more than 48 hours postpartum or in women with focal 
neurological deficits, prolonged coma, or atypical eclampsia 
(Sibai, 2009, 2012).

Immediate Management of Seizure
Eclamptic seizures may be violent, and the woman must be 
protected, especially her airway. So forceful are the muscular
movements that the woman may throw herself out of her bed,
and if not protected, her tongue is bitten by the violent action
of the jaws (Fig. 40-18). This phase, in which the muscles alter-
nately contract and relax, may last approximately a minute. 
Gradually, the muscular movements become smaller and less
frequent, and finally the woman lies motionless. After a seizure,
the woman is postictal, but in some, a coma of variable dura-
tion ensues. When the convulsions are infrequent, the woman 
usually recovers some degree of consciousness after each attack.
As the woman arouses, a semiconscious combative state may 
ensue. In severe cases, coma persists from one convulsion to 
another, and death may result. In rare instances, a single 
convulsion may be followed by coma from which the woman
may never emerge. As a rule, however, death does not occur
until after frequent convulsions. Finally and also rarely, convul-
sions continue unabated—status epilepticus—and require deepss
sedation and even general anesthesia to obviate anoxic encepha-
lopathy.

Respirations after an eclamptic convulsion are usually 
increased in rate and may reach 50 or more per minute
in response to hypercarbia, lactic acidemia, and transient
hypoxia. Cyanosis may be observed in severe cases. High
fever is a grave sign as it likely emanates from cerebrovascular 
hemorrhage.

Proteinuria is usually, but not always, present as discussed
on page 730. Urine output may be diminished appreciably, and 
occasionally anuria develops. There may be hemoglobinuria,
but hemoglobinemia is observed rarely. Often, as shown in 
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Management of Eclampsia 

u Magnesium sulfate is highly effective in preventing convulsions in women 
with preeclampsia and in stopping them in those with eclampsia. 

u Tenets of management of eclampsia

1. Control of convulsions using an IV loading dose of magnesium sulfate, 
followed by a maintenance dose, usually intravenous.

2. Intermittent administration of an antihypertensive medication to lower 
blood pressure 

3. Avoidance of diuretics unless there is obvious pulmonary edema, 
limitation of intravenous fluid administration unless fluid loss is excessive, 
and avoidance of hyperosmotic agents 

4. Delivery of the fetus to achieve a remission of preeclampsia. 
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Which patients should be given 
Magnesium Sulfate?

u the 2013 Task Force recommends that women with either 
eclampsia or severe preeclampsia should be given 
magnesium sulfate neuroprophylaxis. 

u At the same time, however, the 2013 Task Force suggests 
that all women with “mild” preeclampsia do not need 
magnesium sulfate neuroprophylaxis. 
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TABLE 40-14. Randomized Comparative Trials of Prophylaxis with Magnesium Sulfate and
Placebo or Another Anticonvulsant in Women with Gestational Hypertension

No.with Seizures/Total No. Treated (%)

Study/Inclusions
Magnesium  
Sulfate Control Comparisona

Lucas et al (1995) Phenytoin
Gestational hypertensionb 0/1049 (0) 10/1089 (0.9) p < 0.001

Coetzee et al (1998) Placebo
Severe preeclampsia 1/345 (0.3) 11/340 (3.2) RR = 0.09

(0.1–0.69)
Magpie Trial (2002)c Placebo

Severe preeclampsia 40/5055 (0.8) 96/5055 (1.9) RR = 0.42
(0.26–0.60)

Belfort et al (2003) Nimodipine
Severe preeclampsia 7/831 (0.8) 21/819 (2.6) RR = 0.33

(0.14–0.77)

aAll comparisons significant p < 0.05.
bIncluded women with and without proteinuria and those with all severities of preeclampsia.
cMagpie Trial Collaboration Group, 2002.

TABLE 40-15. Selective versus Universal Magnesium 
Sulfate Prophylaxis: Parkland Hospital 
Criteria to Define Severity of Gestational
Hypertension

In a woman with new-onset proteinuric hypertension,
at least one of the following criteria is required:

Systolic BP ≥ 160 or diastolic BP ≥ 110 mm Hg
Proteinuria ≥ 2+ by dipstick in a catheterized urine 

specimen
Serum creatinine > 1.2 mg/dL
Platelet count < 100,000/µL
Aspartate aminotransferase (AST) elevated two times 

above upper limit of normal range
Persistent headache or scotomata
Persistent midepigastric or right-upper quadrant pain

BP = blood pressure.
Criteria based on those from National High Blood
Pressure Education Program Working Group, 2000;
American College of Obstetricians and Gynecologists, 
2012b; cited by Alexander, 2006.

In many other countries, and principally following dissemi-
nation of the Magpie Trial Collaboration Group (2002) study 
results, magnesium sulfate is now recommended for women
with severe preeclampsia. In some, however, debate continues
concerning whether therapy should be reserved for women who 
have an eclamptic seizure. We are of the opinion that eclamp-
tic seizures are dangerous for reasons discussed on page 742. 
Maternal mortality rates of up to 5 percent have been reported 
even in recent studies (Andersgaard, 2006; Benhamou, 2009;
Moodley, 2010; Schutte, 2008; Zwart, 2008). Moreover, there 
are substantially increased perinatal mortality rates in both indus-
trialized countries and underdeveloped ones (Abd El Aal, 2012;
Knight, 2007; Ndaboine, 2012; Schutte, 2008; von Dadelszen,
2012). Finally, the possibility of adverse long-term neuropsy-
chological and vision-related sequelae of eclampsia described by 
Aukes (2009, 2012), Postma (2009), Wiegman (2012), and their 
coworkers, which are discussed on page 770, have raised addi-
tional concerns that eclamptic seizures are not “benign.”

Selective versus Universal Magnesium 
Sulfate Prophylaxis
There is uncertainty around which women with nonsevere gesta-
tional hypertension should be given magnesium sulfate neuropro-
phylaxis. An opportunity to address these questions was afforded
by a change in our prophylaxis protocol for women delivering at 
Parkland Hospital. Before this time, Lucas and associates (1995) 
had found that the risk of eclampsia without magnesium prophy-yy
laxis was approximately 1 in 100 for women with mild preeclamp-
sia. Up until 2000, all women with gestational hypertension were
given magnesium prophylaxis intramuscularly as first described by 
Pritchard in 1955. After 2000, we instituted a standardized proto-
col for intravenously administered magnesium sulfate (Alexander,
2006). At the same time, we also changed our practice of universal 

seizure prophylaxis for all women with gestational hypertension to
one of selective prophylaxis given only to women who met our 
criteria for severe gestational hypertension. These criteria, shown
in Table 40-15, included women with ≥ 2+ proteinuria measured+
by dipstick in a catheterized urine specimen.

Following this protocol change, 60 percent of 6518 women
with gestational hypertension during a 4½-year period were 

Which patients 
should
be given 
Magnesium
Sulfate?
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Management of Eclampsia 

Magnesium Sulfate to Control Convulsions 
u magnesium sulfate administered parenterally is an effective 

anticonvulsant that avoids producing central nervous system 
depression in either the mother or the infant. It may be given 
intravenously by continuous infusion or intramuscularly by 
intermittent injection 

u Because labor and delivery is a more likely time for convulsions to 
develop, women with preeclampsia-eclampsia usually are given 
magnesium sulfate during labor and for 24 hours postpartum. 

u Magnesium sulfate is not given to treat hypertension. 
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aneurysm during late pregnancy and the puerperium may sim-
ulate eclampsia. Until other such causes are excluded, however,
all pregnant women with convulsions should be considered to 
have eclampsia.

Management of Eclampsia
It has been long recognized that magnesium sulfate is highly effec-
tive in preventing convulsions in women with preeclampsia and
in stopping them in those with eclampsia. In his review, Chesley 
(1978) cited observational data by Pritchard and colleagues (1955,
1975) from Parkland Hospital and from his own institution,
Kings County Hospital in Brooklyn. At that time, most eclampsia 
regimens used in the United States adhered to a similar philosophy 
still in use today, the tenets of which include the following:

1. Control of convulsions using an intravenously administered
loading dose of magnesium sulfate that is followed by a 
maintenance dose, usually intravenous, of magnesium sulfate

2. Intermittent administration of an antihypertensive medica-
tion to lower blood pressure whenever it is considered dan-
gerously high

3. Avoidance of diuretics unless there is obvious pulmonary 
edema, limitation of intravenous fluid administration unless
fluid loss is excessive, and avoidance of hyperosmotic agents

4. Delivery of the fetus to achieve a remission of preeclampsia.

Magnesium Sulfate to Control Convulsions
In more severe cases of preeclampsia and in eclampsia,
magnesium sulfate administered parenterally is an effec-
tive anticonvulsant that avoids producing central nervous
system depression in either the mother or the infant. It may be 
given intravenously by continuous infusion or intramuscularly 

by intermittent injection (Table 40-11). The dosages for
severe preeclampsia are the same as for eclampsia. Because
labor and delivery is a more likely time for convulsions to
develop, women with preeclampsia-eclampsia usually are
given magnesium sulfate during labor and for 24  hours
postpartum.

Magnesium sulfate is almost universally administered
intravenously. In most units, the intramuscular route has 
been abandoned. Of concern, magnesium sulfate solutions, 
although inexpensive to prepare, are not readily available in
all parts of the developing world. And even when the solu-
tions are available, the technology to infuse them may not
be. Therefore, it should not be overlooked that the drug can 
be administered intramuscularly and that this route is as 
effective as intravenous administration (Salinger, 2013). In
two reports from India, intramuscular regimens were nearly 
equivalent in preventing recurrent convulsions and maternal
deaths in women with eclampsia (Chowdhury, 2009; Jana,
2013). These observations comport with earlier ones from 
Parkland Hospital as described by Pritchard and colleagues 
(1975, 1984).

Magnesium sulfate is not given to treat hypertension. Based on
several studies cited subsequently and extensive clinical obser-
vations, magnesium most likely exerts a specific anticonvulsant
action on the cerebral cortex. Typically, the mother stops con-
vulsing after the initial 4-g loading dose. By an hour or two, she 
regains consciousness sufficiently to be oriented to place and time.

The magnesium sulfate dosages presented in Table 40-11
usually result in plasma magnesium levels illustrated in
Figure  40-21. When magnesium sulfate is given to arrest 
eclamptic seizures, 10 to 15 percent of women will have a sub-
sequent convulsion. If so, an additional 2-g dose of magnesium

TABLE 40-11. Magnesium Sulfate Dosage Schedule for Severe Preeclampsia and Eclampsia

Continuous Intravenous (IV) Infusion

Give 4- to 6-g loading dose of magnesium sulfate diluted in 100 mL of IV fluid administered over 15–20 min
Begin 2 g/hr in 100 mL of IV maintenance infusion. Some recommend 1 g/hr
Monitor for magnesium toxicity:

Assess deep tendon reflexes periodically
Some measure serum magnesium level at 4–6 hr and adjust infusion to maintain levels between 4 and 7 mEq/L (4.8

to 8.4 mg/dL)
Measure serum magnesium levels if serum creatinine ≥ 1.0 mg/dL

Magnesium sulfate is discontinued 24 hr after delivery

Intermittent Intramuscular Injections

Give 4 g of magnesium sulfate (MgSO4·7H2O USP) as a 20% solution intravenously at a rate not to exceed 1 g/min
Follow promptly with 10 g of 50% magnesium sulfate solution, one half (5 g) injected deeply in the upper outer

quadrant of each buttock through a 3-inch-long 20-gauge needle. (Addition of 1.0 mL of 2% lidocaine minimizes
discomfort.) If convulsions persist after 15 min, give up to 2 g more intravenously as a 20% solution at a rate not 
to exceed 1 g/min. If the woman is large, up to 4 g may be given slowly

Every 4 hr thereafter, give 5 g of a 50% solution of magnesium sulfate injected deeply in the upper outer quadrant of 
alternate buttocks, but only after ensuring that:
The patellar reflex is present,
Respirations are not depressed, and
Urine output the previous 4 hr exceeded 100 mL

Magnesium sulfate is discontinued 24 hr after delivery
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Management of Eclampsia 

Magnesium Sulfate toxicity
u Eclamptic convulsions are almost always prevented or arrested by 

plasma magnesium levels maintained at 4 to 7 mEq/L (4.8 to 8.4 
mg/dL, or 2.0 to 3.5 mmol/L )

u Patellar reflexes disappear when the plasma magnesium level 
reaches 10 mEq/L—about 12 mg/dL—presumably because of a 
curariform action. This sign serves to warn of impending magnesium 
toxicity. 
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Management of Eclampsia 

Magnesium Sulfate toxicity
u When plasma levels rise above 10 mEq/L, breathing becomes 

weakened. 
u At 12 mEq/L or higher levels, respiratory paralysis and respiratory arrest 

follow. 
u Treatment with calcium gluconate or calcium chloride, 1 g 

intravenously, along with withholding further magnesium sulfate, 
usually reverses mild to moderate respiratory depression. 
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Serious complications of severe 
hypertension

1. placental abruption
2. HELLP syndrome
3. pulmonary edema
4. renal failure
5. eclampsia 
6. Perinatal/maternal death
7. Hypertensive encephalopathy
8. Ruptured liver hematoma
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Management of Severe Hypertension 

u National High Blood Pressure Education Program Working 
Group (2000) and the 2013 Task Force recommend treatment 
to lower systolic pressures to or below 160 mm Hg and 
diastolic pressures to or below 110 mm Hg. 

u Long-standing hypertension results in development of 
Charcot-Bouchard aneurysms in the deep penetrating 
arteries of the lenticulostriate branch of the middle cerebral 
arteries. 
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Antihypertensive agents

1. Hydralazine IV

u administered IV with a 5-mg initial dose, followed by 5- to 10-mg 
doses at 15- to 20-minute intervals until a satisfactory response is 
achieved 

u limit the total dose to 30 mg per treatment cycle 
u target response antepartum or intrapartum is a decrease in diastolic 

blood pressure to 90 to 110 mm Hg. 
u Lower diastolic pressures risk compromised placental perfusion. 
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Antihypertensive agents

2. Labetalol 
u Αlpha 1- and nonselective β-blocker. 
u Some prefer its use over hydralazine because of fewer side 

effects 
u the American College of Obstetricians and Gynecologists (2012b) 

recommends starting with a 20-mg intravenous bolus. If not 
effective within 10 minutes, this is followed by 40 mg, then 80 mg 
every 10 minutes. Administration should not exceed a 220-mg 
total dose per treatment cycle. 
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Antihypertensive agents

3. Nifedipine
u calcium-channel blocking agent has become popular because 

of its efficacy for control of acute pregnancy-related 
hypertension. 

u Royal College of Obstetricians and Gynaecologists (2006) 
recommend a 10-mg initial oral dose to be repeated in 30 
minutes if necessary. 

u Nifedipine given sublingually is no longer recommended. 
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Antihypertensive agents

4. Diuretics
u Potent loop diuretics can further compromise placental perfusion. 
u Immediate effects include depletion of intravascular volume, 

which most often is already reduced compared with that of 
normal pregnancy 

u before delivery, diuretics are not used to lower blood pressure 
u We limit antepartum use of furosemide or similar drugs solely to 

treatment of pulmonary edema 
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Antihypertensive agents

5. Other Antihypertensive Agents 

u A few other generally available antihypertensive agents are not widely 
used:

1. verapamil (Ca channel antagonist) by intravenous infusion at 5 to 10 mg per 
hour. 

2. nimodipine given either by continuous infusion or orally 
3. intravenous ketanserin, a selective serotonergic (5HT2A) receptor blocker. 
4. Nitroprusside or nitroglycerine is recommended by some if there is not 

optimal response to first-line agents à fetal cyanide toxicity may develop 
after 4 hours. 
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Fluid Therapy 

u Lactated Ringer solution is administered routinely at the rate of 60 mL to no 
more than 125 mL per hour unless there is unusual fluid loss from vomiting, 
diarrhea, or diaphoresis, or, more likely, excessive blood loss with delivery. 

u Do not be tempted to increase IV fluids vigorously due to oliguria. 

u A controlled, conservative fluid administration is preferred for  severe 
preeclampsia who already has excessive extracellular fluid that is 
inappropriately distributed between intravascular and extravascular spaces.

u infusion of large fluid volumes enhances the maldistribution of extravascular 
fluid and thereby appreciably increases the risk of pulmonary and cerebral 
edema
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