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Pregnancy-induced hypertension (PIH) is estimated to af-
fect 7% to 10% of all pregnancies in the United States.
Despite being the leading cause of maternal death and a
major contributor of maternal and perinatal morbidity, the
mechanisms responsible for the pathogenesis of PIH have
not yet been fully elucidated. Studies during the past
decade, however, have provided a better understanding of
the potential mechanisms responsible for the pathogenesis
of PIH. The initiating event in PIH appears to be reduced
uteroplacental perfusion as a result of abnormal cytotro-
phoblast invasion of spiral arterioles. Placental ischemia is
thought to lead to widespread activation/dysfunction of the
maternal vascular endothelium that results in enhanced
formation of endothelin and thromboxane, increased vas-
cular sensitivity to angiotensin II, and decreased formation
of vasodilators such as nitric oxide and prostacyclin. The
quantitative importance of the various endothelial and

humoral factors in mediating the reduction in renal hemo-
dynamic and excretory function and elevation in arterial
pressure during PIH is still unclear. Investigators are also
attempting to elucidate the placental factors that are re-
sponsible for mediating activation/dysfunction of the ma-
ternal vascular endothelium. Microarray analysis of genes
within the ischemic placenta should provide new insights
into the link between placental ischemia and hypertension.
More effective strategies for the prevention of preeclamp-
sia should be forthcoming once the underlying pathophys-
iologic mechanisms that are involved in PIH are com-
pletely understood. Am J Hypertens 2001;14:
178S–185S © 2001 American Journal of Hypertension,
Ltd.
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P regnancy-induced hypertension (PIH) is estimated
to affect 7% to 10% of all pregnancies in the
United States.1–4 Despite being one of the leading

causes of maternal death and a major contributor of ma-
ternal and perinatal morbidity, the mechanisms responsi-
ble for the pathogenesis of PIH are unclear. Hypertension
associated with preeclampsia develops during pregnancy
and remits after delivery, implicating the placenta as a
central culprit in the disease. An initiating event in PIH has
been postulated to be reduced placental perfusion that
leads to widespread dysfunction of the maternal vascular
endothelium by mechanisms that remain to be defined.1–4

The mechanisms leading to reduced placental perfusion in
PIH may be multiple, but most studies in humans suggest
abnormal cytotrophoblast invasion of spiral arterioles as
an important factor.1–4,5

Several lines of experimental evidence support this hy-
pothesis. For example, studies in various animal models,
including sheep, dog, rabbit, and rat have shown that reduc-
tions in uteroplacental blood flow leads to a hypertensive
state that closely resembles PIH in women.6,7 Additional

support for this concept derives from studies in humans that
indicate increased circulating fibronectin and factor VIII an-
tigen, both markers of endothelial cell injury.1–4,8–10 De-
creases in the production of endothelial-derived relaxing fac-
tors, such as nitric oxide and prostacyclin, increase
production of endothelin and thromboxane, and enhanced
vascular reactivity to angiotensin II in women with PIH also
suggest abnormal endothelial function.1–4,11

During normal pregnancy, significant changes in car-
diovascular and renal function occur to meet the metabolic
needs of the mother and the fetus.1–3 For example, mater-
nal cardiac output and blood volume increase by approx-
imately 40% to 50%, whereas total peripheral resistance
and arterial blood pressure (BP) tend to decrease.1–3 In
addition, there are marked changes in renal function such
as elevations in renal plasma flow and glomerular filtration
rate of approximately 30% to 40%.12 Renin concentration,
renin activity, and angiotensin II levels are elevated; how-
ever, the vascular responsiveness to angiotensin II appears
to be reduced.13 The mechanisms that are involved in
mediating these significant cardiovascular and renal
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changes during pregnancy have been studied extensively,
and it appears that endothelial factors such as nitric oxide
play an important role.1–3,14,15

The marked hemodynamic and renal changes that nor-
mally occur during pregnancy do not manifest themselves in
women who develop PIH. Pregnancy-induced hypertension
is associated with significant elevations in total peripheral
resistance, enhanced responsiveness to angiotensin II, and
marked reductions in renal blood flow and glomerular filtra-
tion rate and proteinuria.1–3 Although the physiologic mech-
anisms that mediate the alterations in cardiovascular and
renal function have been extensively studied during normal
pregnancy, information regarding the mediators of the reduc-
tion in renal and cardiovascular function during PIH has been
limited because of the difficulty in performing mechanistic
studies in pregnant women. Although several animal models
have been developed to study PIH, information on the mech-
anisms involved in mediating the long-term reduction in
kidney function and increase in arterial pressure is lacking.
Experimental induction of chronic uteroplacental ischemia
appears to be the most promising animal model to study
potential mechanisms of PIH, as reductions in uteroplacental
blood flow in a variety of animal models lead to a hyperten-
sive state that closely resembles PIH in women.1–3,6,7,16

Chronic reductions in uteroplacental perfusion pressure
in gravid rats after day 14 of gestation, as reported by Eder
and MacDonald17 and Abitbol,18 lead to significant in-
creases in arterial pressure and proteinuria. We have re-
cently begun to work with this model to examine potential
pathophysiologic mechanisms that mediate the hyperten-
sion during chronic reductions in uteroplacental perfusion
pressure.19 We reduced uterine perfusion pressure in the
gravid rat by approximately 40% by placing a silver clip
around the aorta below the renal arteries. Because this
procedure has been shown to cause an adaptive increase in
uterine blood flow through the ovarian artery, we also
placed a silver clip on both the right and left uterine arcade
at the ovarian end just before the first segmental artery.20

We found that reducing uteroplacental perfusion with this
approach results in significant and consistent elevations in
arterial pressure of 20 to 30 mm Hg as compared to control
pregnant rats at day 19 of gestation (Fig. 1). Our data also
indicate that this hypertension is associated with protein-
uria, reductions in renal plasma flow and glomerular fil-
tration rate (Figs. 1 and 2), and a hypertensive shift in the
pressure natriuresis relationship.20,67 Moreover, our data
indicate that endothelial function (Fig. 3) is significantly
altered in response to chronic reductions in uteroplacental
perfusion pressure in the pregnant rat.21,22 Finally, we
have found intrauterine growth restriction in response to
chronic reductions in uteroplacental perfusion pressure in
the pregnant rat, as the average pup size in this group is
smaller than in normal pregnant rats.20 Thus, a chronic
reduction in uteroplacental perfusion pressure in the preg-
nant rat has many of the features of PIH in women. The
role of various endothelial, autacoid, and hormonal factors
in mediating the reduction in renal hemodynamic and

excretory function and elevation in arterial pressure pro-
duced by chronic reductions in uteroplacental perfusion
pressure will be the main focus of the remaining portion of
this brief review.

Does a Reduction in Renal
Nitric Oxide Synthesis Mediate
the Abnormal Pressure
Natriuresis and Elevation in
Arterial Pressure During PIH?
One potential mechanism for the reduction in pressure
natriuresis and elevation in arterial pressure in response to
a chronic reduction in uteroplacental perfusion pressure in
the pregnant rat is a reduction in renal nitric oxide (NO)
synthesis.23–26Nitric oxide is synthesized from L-arginine
by a family of enzymes known as NO synthases (NOS).
Nitric oxide synthase is readily inhibited by L-arginine
analogs such asN-methyl-arginine (L-NMMA), N-nitro-

FIG. 1. Mean arterial pressure and urinary protein excretion re-
sponses to chronic reductions in uterine perfusion pressure (RUPP)
in pregnant rats. All data are expressed as mean 6 SEM.

FIG. 2. Glomerular filtration rate and renal plasma flow responses
to chronic reductions in uterine perfusion pressure (RUPP) in preg-
nant rats. All data are expressed as mean 6 SEM.
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L-arginine (L-NNA), andN-nitro-L-arginine methyl ester
(L-NAME). Studies from our laboratories and others have
indicated that NO plays an important role in the regulation
of renal function and arterial pressure under various phys-
iologic and pathophysiologic conditions.24,27–33Of partic-
ular relevance to PIH is the finding that reducing NO
synthesis results in a hypertensive shift in the pressure
natriuresis relationship.28,33 This impairment in pressure
natriuresis is also associated with reductions in renal
plasma flow and glomerular filtration rate and an inability
to transmit renal perfusion pressure into the renal intersti-
tium.28,33

Substantial evidence indicates that NO production is
elevated in normal pregnancy.14,15 Plasma and urinary
levels of cGMP, the second messenger of NO, increase
during pregnancy in rats.14,15 Marked increases in 24-h
urinary nitrate/nitrite excretion have also been reported to
be normal during pregnancy in the rat.14,15 Studies have
also shown that pregnancy increases activity of calcium-
dependent NOS in uterine artery and heart in early and late
pregnancy.14,15 Increased expression of mRNA levels for
both constitutive NOS isoforms have been observed in a
variety of tissues in late pregnancy.14,15 Plasma arginine
levels are also reduced in pregnancy. These findings pre-
sumably reflect increased utilization of substrate in re-
sponse to increased formation of NO.

Increases in NO production appear to play an important
role in the renal vasodilatation of pregnancy.14,15 Recent
studies by Conrad14 and other researchers15 clearly demon-
strated that the renal vasodilatation in the pregnant rat is due
to an increased NO production. Because NO appears be an
important physiologic vasodilator in normal pregnancy, NO
deficiency during preeclampsia might be involved in the
disease process. Studies from several laboratories have found
that chronic NOS inhibition in pregnant rats produces a
hypertension associated with peripheral and renal vasocon-
striction, proteinuria, intrauterine growth retardation, and in-

creased fetal morbidity, a pattern that closely resembles the
symptoms of human pregnancy-induced hypertension.22,34,35

However, whether there is a reduction in NO production
during pregnancy-induced hypertension is unclear. Much of
the uncertainty originates from the difficulty in directly as-
sessing the activity of the NO system in a clinical setting.1–3

Assessment of whole body NO production by measurement
of 24-h nitrate/nitrite excretion has yielded variable results
due to difficulties in controlling for factors such as nitrate
intake. We have recently reported that normal pregnancy in
the rat is associated with significant increases in whole body
NO production and renal protein expression of neuronal and
inducible NOS.36 We also recently determined whether
whole body and renal NO production is reduced in a rat
model of PIH produced by chronically reducing uterine per-
fusion pressure.20 Chronic reductions in uterine perfusion
pressure resulted in increases in arterial pressure of 20 to 25
mm Hg, decreases in renal plasma flow and glomerular
filtration rate, but no difference in urinary nitrite/nitrate ex-
cretion relative to control pregnant rats. In contrast, reduc-
tions in uterine perfusion pressure in virgin rats resulted in no
significant effects on arterial pressure. Renal endothelial and
inducible NOS protein expression did not decrease signifi-
cantly in the chronically reduced uterine perfusion pressure
rats relative to normal pregnant rats; however, significant
reductions in neuronal NOS were observed. The results of
this study indicate that the increase in arterial pressure ob-
served in response to chronic decreases in uterine perfusion
pressure in pregnant rats is associated with no change in
whole body NO production and a decrease in renal protein
expression of neuronal NOS. Whether the reduction in renal
protein expression of neuronal NOS occurs as a result of the
hypertension or the reduction in renal protein expression of
neuronal NOS plays a role in mediating the reduction in renal
hemodynamics and elevation in arterial pressure remains to
be determined.

Does Enhanced Endothelin
Synthesis Contribute
to the Elevation in
Arterial Pressure During PIH?
Another endothelial-derived factor that may play a role in
PIH is the vasoconstrictor endothelin. In 1988, Yanagi-
sawa and co-workers37 characterized an endothelial-de-
rived vasoconstrictor, a 21-amino-acid peptide subse-
quently called endothelin. Endothelin is derived from a
23-amino-acid peptide precursor preproendothelin that is
cleaved after translation to form proendothelin. In the
presence of a converting enzyme located within the endo-
thelial cells, proendothelin or big endothelin is cleaved to
produce the 21-amino-acid peptide endothelin. Endothelin
receptor-binding sites have been identified throughout the
body with the greatest number of receptors in the kidneys
and lungs.38 The vasoconstrictor effects of endothelin are
mediated by endothelin A receptors on the vascular

FIG. 3. Vascular responses to acetylcholine are reduced in preg-
nant rats with chronic reductions in uterine perfusion pressure
(RUPP). All data are expressed as mean 6 SEM.
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smooth muscle. In addition, evidence is accumulating that
endothelin B receptors located on vascular smooth muscle
also contribute to the vasoconstrictor effects of this pep-
tide.39 Endothelin B receptors located on endothelium are
thought to release NO and prostacyclin. Endothelin re-
duces renal hemodynamic and sodium excretory function
and plays an important role in mediating the altered pres-
sure natriuresis and other hemodynamic changes in several
models of hypertension including the deoxycorticosterone
salt hypertensive rat and the Dahl salt-sensitive hyperten-
sive rat.39–41

Because endothelial damage is a known stimulus for
endothelin synthesis, increases in the production of endo-
thelin may participate in PIH. Plasma concentration of
endothelin has been measured in a number of studies
involving normal pregnant women and women with preg-
nancy-induced hypertension.42–45Most investigators have
found higher plasma concentrations of endothelin of ap-
proximately two- to threefold in women with PIH.42-45

Typically, plasma levels of endothelin are highest during
the latter stage of the disease, suggesting that endothelin
may not be involved in the initiation of PIH, but rather in
the progression of disease into a malignant phase.42–45

Although the elevation in plasma levels of endothelin are
only two- or threefold above normal during PIH, we found
that this level of plasma endothelin can have significant
long-term effects on systemic hemodynamics and arterial
pressure regulation.46,47 We found that increasing the
plasma levels of endothelin within the two- to threefold
range for 2 to 3 h had no effect on arterial pressure,
whereas increasing endothelin levels for 7 days resulted in
significant reductions in renal hemodynamics, renal pres-
sure natriuresis, and significant elevations in mean arterial
pressure.46,47 The increase in mean arterial pressure was
also associated with significant reductions in cardiac out-
put and renal plasma flow and elevations in total periph-
eral resistance.46,47 Thus, long-term elevations in plasma
levels of endothelin comparable to those measured in
patients with PIH could play a role in mediating the
reductions in renal function and elevations in arterial pres-
sure observed in women with PIH.

Although some studies have reported no significant
changes in circulating levels of endothelin during PIH, a
role for endothelin as a paracrine or autocrine agent in PIH
remains worthy of consideration. Many of the experimen-
tal and genetic rat models of hypertension are not associ-
ated with elevations in plasma endothelin.39 Yet, eleva-
tions in endothelin synthesis have been reported in specific
tissues including the kidney.39 For example, investigators
have reported enhanced expression of preproendothelin in
vascular tissues from various organ systems, including the
kidney.38,39Several studies have also reported an increase
in local production of endothelin in women with PIH.42–44

Whether increased synthesis of endothelin occurs within
the kidney during PIH remains uncertain, as some inves-
tigators have found no differences between preeclamptic

and normal pregnant women in urinary excretion of endo-
thelin—a measure of local renal synthesis.42–44

We recently examined the role of endothelin in medi-
ating the hypertension in response to chronic reductions in
uterine perfusion pressure in conscious, chronically instru-
mented pregnant rats.48 Renal expression of preproendo-
thelin was significantly elevated in both the medulla and in
the cortex of the pregnant rats with chronic reductions in
uterine perfusion pressure as compared to control pregnant
rats. Chronic administration of the selective endothelin
type A receptor antagonist (ABT-627, 5 mg/kg/day for 10
days) markedly attenuated the increase in mean arterial
pressure observed in the pregnant rats with chronic reduc-
tions in uterine perfusion pressure (Fig. 4). However,
endothelin type A receptor blockade had no significant
effect on BP in the normal pregnant animals. These find-
ings suggest that endothelin plays a major role in mediat-
ing the hypertension produced by chronic reductions in
uterine perfusion pressure in pregnant rats.

Does Enhanced Thromboxane
and/or Reduced Prostacyclin
Synthesis Mediate the
Renal and Cardiovascular
Abnormalities in PIH?
Several lines of evidence suggest that changes in the
prostaglandin system may play a role in mediating the
renal dysfunction and increase in arterial pressure during
PIH. Significant alterations in prostacyclin and thrombox-
ane production occur in women with PIH.49–52Plasma and
urine levels of thromboxane are elevated in women with
PIH, whereas syntheses of prostaglandins, such as prosta-
cyclin, are reduced.49–52Additional evidence for a poten-
tial role of thromboxane in PIH derives from a study by
Woods.53 She demonstrated that short-term increases in
systemic arterial pressure produced by acute reductions in
uterine perfusion in pregnant dogs can be prevented by

FIG. 4. Mean arterial pressure in response to chronic reductions in
uterine perfusion pressure (RUPP) in control pregnant rats and
pregnant rats pretreated with an ETA receptor antagonist (1ETA).
All data are expressed as mean 6 SEM.
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thromboxane receptor antagonism. Further evidence of a
potential role for thromboxane is supported by studies in
humans, indicating that low dose aspirin attenuates the
development of PIH in women at risk for the disease.1–3

Although some studies suggest a potential role for
thromboxane in PIH, the quantitative importance of this
substance in mediating the long-term reduction in renal
hemodynamics and elevation in arterial pressure produced
by chronic reductions in uterine perfusion pressure in
pregnant rats is still uncertain. Thromboxane is not only
produced by platelets and macrophages, but also by mul-
tiple renal cells.54,55 Furthermore, the receptor for throm-
boxane appears to be abundant within the vasculature of
the kidney.54,55Finally, there is considerable evidence that
thromboxane-induced constriction contributes to the renal
vasoconstriction in several experimental models of hyper-
tension,54,55Whether thromboxane mediates the renal he-
modynamic and arterial pressure changes observed in the
rat model of PIH is unknown. In preliminary experiments,
however, we found that urinary excretion of thromboxane
B2 was higher in the hypertensive pregnant rats with
chronic reductions in uterine perfusion pressure than nor-
mal pregnant rats at day 19 of gestation.56

Is the Renin-Angiotensin
System Important in Mediating
the Reduction in Renal
Function and Increase in
Arterial Pressure During PIH?
The renin-angiotensin system plays an important role in
the long-term regulation of renal function and arterial
pressure during a variety of physiologic and pathophysi-
ologic conditions.57 During normal pregnancy, plasma
renin concentration, renin activity, and angiotensin II (Ang
II) levels are all elevated; however, the vascular respon-
siveness to Ang II appears to be reduced.1–3 The impor-
tance of the renin-angiotensin in the regulation of renal
function and arterial pressure during PIH is unclear. Al-
though some studies have reported that reductions in uter-
ine perfusion pressure enhances uteroplacental renin re-
lease, most animal studies have reported decreased or
normal plasma renin activity and Ang II concentrations.1–3

In addition, most investigators have observed that in es-
tablished human preeclampsia, plasma renin activity and
Ang II levels are usually low or normal.1–3 Although
circulating levels of Ang II may be normal during PIH, it
is possible that reducing uteroplacental perfusion pressure
could increase the renal sensitivity to Ang II through
reductions in NO or prostacyclin synthesis or by enhanced
formation of thromboxane. Consistent with this suggestion
are studies indicating enhanced vascular responsiveness to
Ang II in vessels from animals or humans with PIH.1–3

Furthermore, previous studies from our laboratory and
others have found that, unlike normal conditions, the pre-
glomerular vessels of the renal circulation become ex-

tremely sensitive to the vasoconstrictor actions of Ang II
when the renal synthesis of NO or prostacyclin is reduced
or when thromboxane synthesis is elevated.29,30,57 In-
creased vascular Ang II responsiveness during PIH, how-
ever, does not prove Ang II as an important endogenous
mediator of the vasoconstriction or hypertension in exper-
imental models of PIH, as increased responsiveness may
only reflect low endogenous Ang II formation. Thus, the
importance of increased Ang II to the control of renal
function and BP during PIH is unclear. A previous study
by Woods and Brooks,58 however, indicates that Ang II
may not be important in mediating the acute rise in arterial
pressure during short-term reductions in uterine perfusion
pressure in dogs. They demonstrated that the increase in
arterial pressure in response to reduced uterine perfusion
pressure was unaltered in animals whose renin-angiotensin
system had been fixed by prior infusion of captopril plus
Ang II infusion. Although the results from this acute study
suggest that the renin-angiotensin system might not be
involved in mediating increases in systemic arterial pres-
sure during acute reductions in uteroplacental blood flow,
the mechanisms causing hypertension under acute condi-
tions may not necessarily be the same as those that con-
tribute to the chronic hypertension induced by long-term
reductions in uteroplacental perfusion pressure.

We recently determined the importance of Ang II in
mediating the long-term reduction in renal hemodynamic
and the hypertension produced by chronic reductions in
uterine perfusion pressure in pregnant rats.59 Chronic oral
administration of a converting enzyme inhibitor (enalapril,
250 mg/L for 6 days) decreased mean arterial pressure to
a similar extent in pregnant rats with reduced uterine
perfusion pressure (RUPP) and normal pregnant rats.
Blockade of the renin-angiotensin system (RAS), how-
ever, had no significant effect on the BP response to
chronic reductions in uterine perfusion pressure as the
differences in BP between the normal pregnant and RUPP
rats were similar in control and converting enzyme inhib-
itor-treated groups. These findings suggest that the RAS
does not play a major role in mediating the hypertension
produced by chronic reductions in uterine perfusion pres-
sure in pregnant rats.59

Is Maternal Endothelial
Activation/Dysfunction in
Preeclampsia Due to Enhanced
Cytokine Production in
Response to Placental Ischemia?
Although reductions in blood flow to the uteroplacental
unit are known to result in cardiovascular and renal ab-
normalities consistent with the pathophysiologic features
of human PIH, the physiologic mechanisms linking pla-
cental ischemia with the abnormalities in the maternal
circulation are unclear.60 Several lines of evidence support
the hypothesis that the ischemic placenta contributes to
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endothelial cell activation/dysfunction of the maternal cir-
culation by enhancing the synthesis of cytokines such as
tumor necrosis factor-a (TNF-a) and interleukin-1 (IL-
1).60 TNF-a and IL-1 are inflammatory cytokines that
have been shown to induced structural as well as func-
tional alterations in endothelial cells.61 These inflamma-
tory cytokines also enhance the formation of a number of
endothelial cell substances such as endothelin and reduce
acetylcholine-induced vasodilatation.60–62 Also support-
ing a potential role of TNF-a in preeclampsia are findings
that plasma levels of TNF-a are significantly elevated in
women with preeclampsia by approximately twofold.60,63

Furthermore, IL-6, which is activated by TNF-a, has also
been reported to be elevated in preeclamptic women.60

Although high levels of TNF-a, as observed during septic
shock or after lipopolysaccharide administration, activate
gene expression of inducible nitric oxide synthase, modest
levels of TNF-a have been shown to destabilize the
mRNA of endothelial nitric oxide synthase.64

Whether chronic and modest increases in plasma
TNF-a can activate the endothelium during pregnancy and
lead to reduced kidney function, high BP, and other fea-
tures of PIH is unknown. Consistent with a potential role
of cytokine activation in PIH is the recent study by Faas
and colleagues.65 They reported that an intravenous infu-
sion of a high dose of lipopolysaccharide (LPS) decreased
BP in pregnant rats, whereas a very low dose infusion of
the endotoxin resulted in significant and long-term in-
creases in BP and urinary albumin excretion and signifi-
cant platelet aggregation in conscious pregnant rats. Al-
though LPS is known to activate TNF-a, it is unclear

whether the effects of low dose LPS on cardiovascular and
kidney function were mediated through TNF-a or IL-1, as
these cytokines were not measured in that study.

Although plasma levels of TNF-a are elevated by two-
to threefold in women with PIH, the importance of TNF-a
in mediating the systemic and renal hemodynamic changes
associated with this disease is unclear. To determine the
long-term effects of a two- to threefold elevation in plasma
TNF-a on renal and systemic hemodynamics in pregnant
rats we recently infused TNF-a for 5 days at a rate of 50
ng/day during days 14 to 19 of gestation in pregnant rats.66

Plasma levels doubled in the TNF-a-treated pregnant rats.
Arterial pressure was significantly higher in the TNF-a-
treated pregnant rat as compared to pregnant controls at
day 19 of gestation. A twofold elevation in plasma TNF-a
in pregnant rats also caused a significant reduction in renal
hemodynamics. These data suggest that elevated plasma
levels of TNF-a observed in preeclamptic women may
play an important role in the pathogenesis of PIH.

Although these preliminary findings with TNF-a sup-
port the cytokine hypothesis, finding the link between
placental ischemia and maternal endothelial and vascular
abnormalities remains an important area of investigation.
Microarray analysis of genes within the ischemic placenta
of women with preeclampsia and in animal models of
chronic reductions in uterine perfusion pressure should
provide new insights into the link between placental isch-
emia and hypertension. More effective strategies for the
prevention of preeclampsia should be forthcoming once
the underlying pathophysiologic mechanisms that are in-
volved in PIH are completely understood.

FIG. 5. Potential mechanism whereby chronic reductions in uteroplacental perfusion may lead to hypertension. ET 5 endothelin; TBX 5
thromboxane; PGI2 5 prostacyclin; NO 5 nitric oxide; ANG II 5 angiotensin II.
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Conclusion
Studies during the past decade have provided a better
understanding of the potential mechanisms responsible for
the pathogenesis of PIH. The initiating event in PIH has
been postulated to be reduced uteroplacental perfusion as
a result of abnormal cytotrophoblast invasion of spiral
arterioles (Fig. 5). Placental ischemia is thought to lead to
widespread activation/dysfunction of the maternal vascu-
lar endothelium that results in enhanced formation of
endothelin and thromboxane, increased vascular sensitiv-
ity to Ang II, and decreased formation of vasodilators such
as NO and prostacyclin. These endothelial abnormalities,
in turn, cause chronic hypertension by impairing renal
pressure natriuresis and increasing total peripheral resis-
tance. The quantitative importance of the various endothe-
lial and humoral factors in mediating the reduction in renal
hemodynamic and excretory function and elevation in
arterial pressure during PIH is still unclear. Results from
ongoing basic and clinical studies, however, should pro-
vide new and important information regarding the physi-
ologic mechanisms responsible for the elevation in arterial
pressure in women with preeclampsia. More effective
strategies for the prevention of preeclampsia should be
forthcoming once the underlying pathophysiologic mech-
anisms that are involved in PIH are completely under-
stood.
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