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Chronic hypertension and superimposed
preeclampsia: screening and diagnosis

Nikos A. Kametas, MD, FRCOG; Diane Nzelu, MD, MRCOG; Kypros H. Nicolaides, MD, FRCOG
Superimposed preeclampsia complicates about 20% of pregnancies in women with chronic hypertension and is associated with increased maternal
and perinatal morbidity compared with preeclampsia alone. Distinguishing superimposed preeclampsia from chronic hypertension can be challenging
because, in chronic hypertension, the traditional criteria for the diagnosis of preeclampsia, hypertension, and significant proteinuria can often predate
the pregnancy. Furthermore, the prevalence of superimposed preeclampsia is unlikely to be uniformly distributed across this high-risk group but is
related to the severity of preexisting endothelial dysfunction. This has led to interest in identifying biomarkers that could help in screening and diagnosis
of superimposed preeclampsia and in the stratification of risk in women with chronic hypertension.

Elevated levels of uric acid and suppression of other renal biomarkers, such as the renin-angiotensin aldosterone system, havebeen demonstrated
in women with superimposed preeclampsia but perform onlymodestly in its prediction. In addition, central to the pathogenesis of preeclampsia is a
tendency toward an antiangiogenic state thought to be triggered by an impaired placenta and, ultimately, contributing to the endothelial dysfunction
pathognomonic of the disease. In the general obstetrical population, angiogenic factors, such as soluble fms-like tyrosine kinase-1 and placental
growth factor, have shown promise in the prediction of preeclampsia. However, soluble fms-like tyrosine kinase-1 and placental growth factor are
impaired in womenwith chronic hypertension irrespective of whether they develop superimposed preeclampsia. Therefore, the differences in levels
are less discriminatory in the prediction of superimposed preeclampsia compared with the general obstetrical population.

Alternative biomarkers to the angiogenic and renal factors include those of endothelial dysfunction. A characteristic of both preeclampsia and
chronic hypertension is an exaggerated systemic inflammatory response causing or augmenting endothelial dysfunction. Thus, proin-
flammatory mediators, such as tumor necrosis factor-a, interleukin-6, cell adhesion molecules, and endothelin, have been investigated for
their role in the screening and diagnosis of superimposed preeclampsia in women with chronic hypertension. To date, the existing limited
evidence suggests that the differences between those who develop superimposed preeclampsia and those who do not are, as with angiogenic
factors, also modest and not clinically useful for the stratification of women with chronic hypertension.

Finally, proeB-type natriuretic peptide is regarded as a sensitive marker of early cardiac dysfunction that, in women with chronic hy-
pertension, may predate the pregnancy. Thus, it has been proposed that proeB-type natriuretic peptide could give insight as to the ability of
women with chronic hypertension to adapt to the hemodynamic requirements of pregnancy and, subsequently, their risk of developing
superimposed preeclampsia. Although higher levels of proeB-type natriuretic peptide have been demonstrated in women with superimposed
preeclampsia compared with those without, current evidence suggests that proeB-type natriuretic peptide is not a predictor for the disease.

The objectives of this review are to, first, discuss the current criteria for the diagnosis of superimposed preeclampsia and, second, to
summarize the evidence for these potential biomarkers that may assist in the diagnosis of superimposed preeclampsia.

Key words: angiogenic factors, biomarkers, cell adhesion molecules, chronic hypertension, cytokines, diagnosis, endothelial dysfunction,
endothelin, fetal growth restriction, interleukin-6, placental growth factor, pregnancy, proteinuria, proeB-type natriuretic peptide, renin-
angiotensin-aldosterone system, screening, soluble fms-like tyrosine kinase-1, superimposed preeclampsia, tumor necrosis factor-a, uric
acid, uterine artery Doppler velocimetry, uteroplacental dysfunction, vascular cell adhesion molecule
Introduction
Chronic hypertension complicates 1% to
2% of pregnancies and constitutes the
highest risk factor, among maternal
characteristics and medical history, for
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the development of preeclampsia (PE).1

Superimposed PE occurs in about 20%
of women with chronic hypertension,
and after adjustment for confounding
factors, the risk of preterm superimposed
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PE is 5 to 6 times higher in women with
chronic hypertension than in those
without.1 In superimposed PE, compared
with PE alone, there is a higher incidence
of adverse maternal and perinatal
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TABLE 1
A comparison of the 2014 and 2017 classifications of BP in adults
according to the Joint National Committee on the prevention, detection,
evaluation, and treatment of high blood pressure

BP category

Systolic BP (mm Hg) “and”
or “or”

Diastolic BP (mm Hg)

2014 2017 2014 2017

Normal BP <120 <120 and <80 <80

Elevated BP 120e139 120e129 anda 80e89 <80

Stage 1 hypertension 140e159 130e138 or 90e99 80e89

Stage 2 hypertension �160 �140 or �100 �90

BP, blood pressure.

a The 2014 guidelines are “and/or” for the diagnosis of elevated BP.
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outcomes, including preterm delivery,
birth of small-for-gestational-age neo-
nates, operative delivery, admission to the
neonatal intensive care unit (NICU), and
pulmonary edema.2,3

The objectives of this review are, first,
to discuss current criteria for the diag-
nosis of superimposed PE in women
with chronic hypertension and, second,
to summarize evidence for potential
biomarkers that may assist in the diag-
nosis of superimposed PE.

Diagnostic Criteria for Chronic
Hypertension
Outside of pregnancy, recommendations
for the diagnosis of stage 1 and 2 hy-
pertension were recently updated with
new blood pressure (BP) thresholds
(Table 1).4 In pregnancy, hypertension is
defined using the traditional cutoff of
�140/90 mm Hg measured on �2
consecutive occasions at least 4 hours
apart.5 Thus, chronic hypertension in
pregnancy refers to hypertension either
predating pregnancy or occurring in the
first 20 gestational weeks.5 In 90% of
those with chronic hypertension, the
cause is primary and accompanied by a
family history or lifestyle factors, such as
obesity.4 Less commonly, chronic hy-
pertension is secondary to underlying
renal, vascular, or endocrine disorders.4

Diagnostic Criteria for Superimposed
Preeclampsia
The diagnosis of PE has traditionally
relied on the combination of proteinuria
and hypertension.6 There are 3 main
limitations to this definition in the case of
superimposed PE in women with chronic
hypertension. First, in women with
chronic hypertension, the high BP pre-
dates the pregnancy. Second, proteinuria
can coexist in about 10% of women with
chronic hypertension. This is most
commonly because of nephrosclerosis
caused by long-standing hypertension
and, less commonly, because of the pres-
ence of secondary causes, such as diabetes
or renal disease.7,8 Third, this definition
does not take into account that PE is a
multiorgan disease such that even in the
absence of proteinuria, hypertensive
women with evidence of renal, hepatic,
hematological, or neurologic involvement
are at a substantial risk of morbidity.9 In
acknowledgment of this, the American
College of Obstetricians and Gynecolo-
gists (ACOG) and the International Soci-
ety for the Study of Hypertension in
Pregnancy (ISSHP) broadened their defi-
nition of PE to encompass any evidence of
end-organ dysfunction as summarized in
Table 2.10,11 Thus, the diagnosis of
superimposed PE is based on the new
development of thrombocytopenia, liver
dysfunction, renal insufficiency, or
symptoms suggestive of PE in women
with chronic hypertension (Table 2).

Inclusion of blood pressure and
proteinuria
The fact that women with chronic hy-
pertension have hypertension predating
pregnancy and proteinuria can be present
in the first trimester of pregnancy7

potentially renders BP redundant and
proteinuria less sensitive for the diagnosis
of superimposed PE. However, there are
studies indicating a relationship between
BP control and increase in proteinuria
and the development of superimposed
PE.12e14 These studies raise the question
of whether BP parameters along with se-
rial quantification of proteinuria should
be included in screening for or in the
definition of superimposed PE.
There is good evidence that the inci-

dence of preterm superimposed PE is
related to first-trimester BP control in
women with chronic hypertension. A
study of 586 women with chronic hy-
pertension reported that the incidence of
preterm superimposed PE as defined
FEBRUARY 2022 Amer
using the ISSHP criteria (2014) was 7%
in those who presented in the first
trimester of pregnancy with a BP of
<140/90 mm Hg without antihyperten-
sivemedications and 20% in those with a
BP of �140/90 mm Hg despite antihy-
pertensive medications.15 In addition, 2
further studies reported a 2- and 4-fold
increase in the risk of superimposed PE
in women with chronic hypertension
and amean arterial BPof�95mmHg in
the first trimester of pregnancy13 and a
diastolic BP of �100 mm Hg in the sec-
ond trimester of pregnancy, respec-
tively.14 Although models incorporating
BP parameters along with maternal
characteristics perform modestly in the
prediction of superimposed PE,13,16 the
performance is equivalent, if not better,
to those incorporating biomarkers dis-
cussed later in the review (Table 3).

It has been argued that women with
chronic hypertension and uncontrolled
BP should be managed in the same way
as those with superimposed PE.17 One
cohort study that included 142 women
with chronic hypertension defined un-
controlled BP as � 140/90 mm Hg
despite antihypertensive use demon-
strated an increase in preterm delivery
before 34 weeks from 1.3e50% when
compared with those reaching the target
threshold of <140/90 mm Hg.18 Simi-
larly, a cohort study of 120 women with
chronic hypertension but defining un-
controlled BP as �160/110 mm Hg
irrespective of antihypertensive medica-
tions demonstrated higher rates of pre-
term birth, low birthweight, extremely
ican Journal of Obstetrics & Gynecology S1183
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low birthweight, and admission to the
NICU than those with a BP of<160/110
mm Hg.19 Despite this apparent rela-
tionship between BP and adverse preg-
nancy outcomes, studies have failed to
identify BP thresholds that are clinically
relevant in differentiating chronic hy-
pertension from superimposed PE. For
this reason, although uncontrolled BP
may warrant further investigation for
underlying superimposed PE, current
guidelines advise against incorporating
this as a defining feature.10

Renal insufficiency and proteinuria are
still considered the hallmark features of
PE, complicating 75% of those diagnosed
with the disease.20 Women with chronic
hypertension and significant proteinuria
in the first trimester of pregnancy have a
4-fold increase in the risk of super-
imposed PE as defined using the National
High Blood Pressure Education Program
criteria.7 Furthermore, the rate of super-
imposed PE increased with increasing
baseline levels of 24-hour protein excre-
tion.7 Further research is needed in
women with chronic hypertension to
ascertain whether quantification of base-
line proteinuria and serial assessment
thereafter would facilitate a more
comprehensive stratification and identify
those at particularly high risk of devel-
oping adverse outcomes.

Previously, in women with chronic
hypertension and first-trimester protein-
uria, superimposed PE was defined arbi-
trarily as a “sudden increase,” or a clear
change, in the level of baseline protein-
uria.5 This has now been removed from
the criteria as studies have indicated that
in previously normotensive women who
develop PE, changes in the degree of
proteinuria has little correlation with
adverse maternal or perinatal out-
comes.21,22 However, little is known as to
the importance of an escalation in urinary
protein excretion during pregnancy in
women with baseline proteinuria and
chronic hypertension. In small cohorts of
women with chronic kidney disease, a
more than 2-fold increase in baseline
proteinuria is associated with a higher
likelihood of developing superimposed
PE as defined using the ISSHP criteria
(2014) than those who have stable levels
of urinary protein excretion throughout

http://www.AJOG.org


TABLE 3
Summary of the studies evaluating the performance of biomarkers in the prediction of superimposed preeclampsia in women with chronic
hypertension

Author, y Biomarker na TM Definition AUC (95% CI) Sensitivity Specificity LRD LRL PPV NPV

BP

Rovida et al,
2012120

MAP 100 First ISSHP (2002) 0.47 (0.34e
0.59)

— — — — — —

Rovida et al,
2012120

MAP 100 Second ISSHP (2002) 0.66 (0.55e
0.76)

— — — — — —

Lecarpentier
et al, 201013

MAP 211 Second ACOG (2002) 0.72 82.00 55.00 1.81 (0.83e
3.98)

— — —

Lecarpentier
et al, 201013

SBP 211 Second ACOG (2002) 0.68 — — — — — —

Lecarpentier
et al, 201013

DBP 211 Second ACOG (2002) 0.69 — — — — — —

Giannubilo
et al, 200616

24 h DBP 223 Second NHBPEP (1990) — 95.00 89.00 — — — —

Giannubilo
et al, 200616

24 h SBP 223 Second NHBPEP (1990) — 88.00 92.00 — — — —

Renal markers

Bramham et al,
202066

ACR 90 First ISSHP (2014) 0.87 (0.73e
1.00)

— — — — — —

Bramham et al,
202066

ACR 90 Second ISSHP (2014) 0.79 (0.57e
1.00)

— — — — — —

Parrish, 201032 Uric acid 73 Third NHBPEP (1990) — — — 1.61 (0.19e
14.00)

0.97 (0.88e
1.10)

— —

Salahuddin
et al, 200727

Uric acid 19 Third ACOG (2002) 0.70 68.00 78.00 3.1 0.40 — —

August et al,
200431

Uric acid 110 Second — — — — — — — —

Lim et al,
199730

Uric acid 23 Third NHBPEP (1990) — 54.00 78.00 — — — —

Angiogenic
factors

Bramham et al,
202066

PlGF 90 Second ISSHP (2014) 0.78 (0.55e
1.00)

— — — — — —

Kametas. Screening and diagnosis of superimposed preeclampsia. Am J Obstet Gynecol 2022. (continued)
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TABLE 3
Summary of the studies evaluating the performance of biomarkers in the prediction of superimposed preeclampsia in womenwith chronic hypertension
(continued)

Author, y Biomarker na TM Definition AUC (95% CI) Sensitivity Specificity LRD LRL PPV NPV

Nzelu et al,
202012

PlGF 650 First ISSHP (2014) 0.58 (0.54e
0.61)

— — — — — —

Nzelu et al,
202012

sFlt-1 650 First ISSHP (2014) 0.55 (0.51e
0.58)

Sunderji et al,
201083,b

sFlt-1 457 Second and third ACOG (2002) 0.98 (0.95e
1.00)

96.00 4.00 — — — —

Sunderji et al,
201083,b

PlGF 457 Second and third ACOG (2002) 0.98 (0.96e
1.00)

96.00 5.00 — — — —

Salahuddin
et al, 200727

sFlt-1 19 Third ACOG (2002) 0.94 84.00 95.00 16.00 0.20 — —

Salahuddin
et al, 200727

sEng 19 Third ACOG (2002) 0.87 84.00 79.00 4.00 0.20 — —

Zeeman et al,
2003123

Inhibin A 61 Second and third NHBPEP (2000) — 38.00 95.00 7.60 0.65 — —

Inflammatory
markers

Nzelu et al,
2020107

VCAM 650 First ISSHP (2014) 0.54 (0.49e
0.59)

— — — — — —

Uterine artery
Doppler

Rovida et al,
2012120

PI 100 Second ISSHP (2002) 0.75 (0.65e
0.83)

— — — — — —

Roncaglia
et al, 2008121

RI 182 Second and third ISSHP (2002) — 75.00 70.00 0.36 2.50 28.00 95.00

Giannubilo
et al, 200616

RI 223 Second NHBPEP (1990) — 69.00 87.00 — — — —

Zeeman et al,
2003123

PI 56 Second NHBPEP (1990) — 33.30 (0.80e
90.60)

77.10 (62.70e
88.00)

— — 8.30 (0.20e
38.50)

94.90 (82.70e
99.40)

Frusca et al,
199122

RI 78 ACOG (2002) — 76 84.00 — — 64.00 91.00

ACOG, American College of Obstetricians and Gynecologists; AUC, area under the curve; CI, confidence interval; DBP, diastolic blood pressure; ISSHP, International Society for the Study of Hypertension in Pregnancy; LR�, negative likelihood ratio; LRþ, positive
likelihood ratio; MAP, mean arterial pressure; NHBPEP, National High Blood Pressure Education Program; NPV, negative predictive value; PI, pulsatility index; PlGF, placental growth factor; PPV, positive predictive value; RI, resistance index; SBP, systolic blood
pressure; sEng, soluble endoglin; sFlt-1, soluble fms-like tyrosine kinase-1; VCAM, vascular cell adhesion molecule.

a Only studies analyzing women with chronic hypertension separately from other high-risk cohorts included; b Preeclampsia before 37 weeks of gestation.
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FIGURE 1
Interaction between renin-angiotensin-aldosterone system and
angiogenic factors in preeclampsia.

Angiotensinogen

Angiotensin I

Angiotensin II

NADPH oxidase

AT-1 R 

AT1 AA

Free VEGF/PLGF

Renin

ACE

PAI-1sFLT-1

Aldosterone ROS Trophoblast invasion

Endothelial dysfunction

Placental impairmentVolume expansion

Renin cleaves angiotensinogen to produce Ang I, which is further converted to Ang II by ACE. In

pregnancies complicated by PE, levels of renin, Ang I and II are reduced. Despite lower levels, women

with PE demonstrate increased sensitivity to the vasoconstricting effects of Ang II, partly due to

increased peripheral expression of its AT-1 R. Autoantibodies that stimulate the AT-1 receptor (AT

1-AA) have also been reported in women with PE. AT-1 AA activation of AT-1 R up-regulates the

production of sFLT-1, PAI-1 and NADPH oxidase. sFLT-1 inhibits VEGF, which further suppresses

renin and leads to a reduction in VEGF-mediated production of aldosterone. NADPH oxidase en-

hances the production of ROS and PAI-1 decreases trophoblastic invasion causing endothelial

dysfunction and placental impairment, respectively. In comparison to normal pregnancy, white

squares indicate no differences, blue squares indicate increased levels and pink indicate suppressed

levels in pregnancies complicated by PE. Adapted from Verdonk et al.34

ACE, angiotensin converting enzyme; Ang, angiotensin; AT-1 R, AT-1 receptor; PAI-1, plasminogen activator inhibitor 1; PE,
preeclampsia; ROS, reactive oxygen species; VEGF, vascular endothelial growth factor.
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pregnancy (3% vs 70%).23 Therefore, as
with uncontrolled BP, larger studies are
needed to determine whether changes in
proteinuria in women with chronic hy-
pertension may be used as a diagnostic
criterion of superimposed PE.

Inclusion of uteroplacental
dysfunction
The ISSHP criteria for the diagnosis of PE,
both in the 201410 and 201824 guidelines,
are similar to those of the ACOG but
include uteroplacental insufficiency
(Table 2).10 Such inclusion could be
problematic in pregnancies complicated by
chronic hypertension in which the distri-
bution of birthweight adjusted for gesta-
tional age at delivery is skewed to the left of
the distribution for uncomplicated preg-
nancies.1 This suggests that chronic hy-
pertension per se is associated with
uteroplacental insufficiency. Consequently,
in the updated ISSHP guidelines (2018),
uteroplacental dysfunction has been
removed as a criterion for superimposed
PE inwomenwith chronic hypertension.24

Screening and Diagnosis of
Superimposed Preeclampsia:
Biomarkers
The objective of first-trimester screening
is to identify women with chronic hyper-
tension at particularly high risk of super-
imposed PE and reduce the impact of the
disease through therapeutic strategies,
such as BP optimization. The objective of
screening for superimposed PE in the late
second and third trimesters of pregnancy
is to predict the onset of the disease within
the subsequent few weeks; earlier diag-
nosis of the clinical signs of the disease
could potentially improve perinatal and
maternal outcomes through in-
terventions, such as timely delivery. The
alterations in renal, angiogenic, inflam-
matory, and cardiac biomarkers observed
before and at the time of the clinical onset
of the disease have led to interest in their
potential to differentiate between those
with chronic hypertension who are at risk
of developing superimposed PE and those
who are likely to remain uncomplicated.
Table 3 provides a summary of the studies
evaluating the performance of these bio-
markers in the prediction of super-
imposed PE in women with chronic
hypertension.
Renal biomarkers
The correlation between elevated levels
of serum uric acid and PE has been
known for decades. The proposed rea-
sons for hyperuricemia in women with
PE include decreased renal tubular
excretion because of a reduction in
glomerular filtration rate, observed in
many cases of PE, and increased
oxidative stress triggered by an
impaired placenta.25 Hyperuricemia
has been implicated in the pathophys-
iology of PE through its inhibition of
nitric oxideedependent trophoblastic
invasion causing placental impairment
FEBRUARY 2022 Amer
and up-regulation of proinflammatory
mediators and reactive oxygen species
causing endothelial dysfunction.25

However, as a predictor of adverse
maternal and fetal outcomes in the
general obstetrical population, serum
uric acid performs poorly.26 Nonethe-
less, several investigators have exam-
ined the clinical utility of uric acid in
differentiating chronic hypertension
from superimposed PE.27e32 One study
found no difference in the levels of uric
acid between normotensive controls
and women with chronic hypertension
irrespective of whether they developed
ican Journal of Obstetrics & Gynecology S1187
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superimposed PE or not.28 This is
contrary to 3 other studies that have
reported elevated levels of uric acid
from the first trimester of pregnancy to
the postpartum period in women with
chronic hypertension who developed
superimposed PE compared with those
who did not.29e31 August et al28 were
able to develop a prediction model us-
ing a cutoff of 3.6 mg/dL for serum uric
acid along with 2 other parameters
measured at 20 weeks of gestation; a
systolic BPof>140 mmHg and a plasma
renin activity of >4 ng/mL/hr. The
probability of developing superimposed
PE was 86% if all 3 factors were present
but the overall performance as a predictor
was modest with an area under the curve
(AUC) of 0.69.31

As with uric acid, although alterations
in the renin-angiotensin-aldosterone
system (RAAS) have been documented
in women with PE, their significance re-
mains controversial. In the aforemen-
tioned study that incorporated plasma
renin into their prediction model, there
was no difference reported between those
with superimposed PE and those without
at 12 or 20weeks of gestation.31 The same
group later demonstrated suppression of
RAAS as indicated by lower plasma renin
and urinary aldosterone at 28 and 36
weeks of gestation in women with
superimposed PE.29 A mechanistic link
between the angiogenic imbalance and
the decreased RAAS profile observed in
PE has been proposed, including
impaired vascular endothelial growth
factor (VEGF)-mediated stimulation of
aldosterone synthase because of increases
in soluble fms-like tyrosine kinase-1
(sFlt-1) (Figure 1).33e36

Angiogenic biomarkers
The pathophysiological processes by
which chronic hypertension confers an
increased risk of PE remain poorly un-
derstood. In womenwith PE, particularly
pretermPE, impaired placentation results
in a cascade of placental hypoperfusion,
oxidative stress, and systemic release of
trophoblast-derived factors.37 This then
triggers an exaggerated inflammatory
response leading to generalized endothe-
lial dysfunction that underlines many of
the clinical manifestations of the
S1188 American Journal of Obstetrics & Gynecolo
disease.38 A central pathogenetic mecha-
nism in this cascade leading to PE is a
tendency toward an antiangiogenic and
proinflammatory state.39

In normal pregnancy, placentation
occurs in an environment of relative
hypoxia, which up-regulates production
of proangiogenic VEGF and down-
regulates the production of another
proangiogenic factor, placental growth
factor (PlGF).40e42 The source of the
increase in VEGF remains largely un-
known, but possible sites include the
decidua, placenta, or maternal vascular
smooth muscle cells.43,44 Trophoblastic
production of the antiangiogenic sFlt-1
in the first trimester of pregnancy is a
physiological response to counteract the
overspill of VEGF into the maternal
circulation.45,46 With advancing gesta-
tional age and improved placental
oxygenation, production of VEGF and
consequently sFlt-1 remains low, but
production of PlGF increases.47 In
pregnancies that develop PE, an imbal-
ance between these pro- and anti-
angiogenic factors is thought to precede
the clinical onset of the disease.39

Studies in the general obstetrical
population have shown that the proan-
giogenic PlGF is decreased as early as the
first trimester of pregnancies later
complicated by PE48e56 and that the
antiangiogenic factors, sFlt-1 and solu-
ble endoglin (sEng), are increased in the
last few weeks before and during the
clinical presentation of PE.47e58 The
evidence suggests that sFlt-1 and sEng
act together to cause endothelial
dysfunction. sFlt-1 blocks VEGF-
mediated regeneration of endothelial
cells, and sEng impairs transforming
growth factor-b1 binding to its cell sur-
face receptors decreasing endothelial
nitric oxide signaling.59,60 Therefore, al-
gorithms incorporating these angiogenic
factors have been extensively studied in
the general obstetrical population for the
screening and diagnosis of PE.51,61,62

There is limited evidence character-
izing the performance of sFlt-1, sEng,
and PlGF in women with chronic hy-
pertension as screening and diagnostic
biomarkers for superimposed PE.63e66 It
has been proposed that the preexistence
of endothelial dysfunction in women
gy FEBRUARY 2022
with chronic hypertension may impact
on the circulating levels of these bio-
markers.67 This is supported by 4 studies
outside of pregnancy that have demon-
strated elevated VEGF in patients with
chronic hypertension compared with
normotensive controls.68e71 The au-
thors of these studies suggested that
elevated VEGF represents underlying
endothelial dysfunction as the produc-
tion of VEGF is up-regulated by vascular
shear stress and endothelial cell injury.68

On the contrary, the evidence is con-
flicting regarding sFlt-1 levels between
those with chronic hypertension and
normotensive controls, with both
decreased68 and increased levels71

demonstrated in hypertensive subjects.
Angiogenic factors in addition to sFlt-

1, sEng, and PlGF, such as inhibin A,
have also been investigated and found to
be elevated before the onset of super-
imposed PE but have not been proven to
be clinically useful in the diagnosis or
prediction (Tables 3 and 4).72,73

First trimester of pregnancy. First-
trimester screening studies in general
obstetrical populations have reported
that, in those that subsequently develop
PE, serum PlGF is reduced. Therefore,
PlGF has been incorporated into
screening models for the first-trimester
prediction of PE.48,51e53 The evidence
supporting PlGF as a first-trimester
predictor for superimposed PE in
womenwith chronic hypertension is less
promising. A total of 3 studies in women
with chronic hypertension reported no
significant differences in serum PlGF at
12 to 14,65 12 to 15,66 or 11 to 2764 weeks
of gestation between those who subse-
quently developed superimposed PE and
those that did not. We have previously
demonstrated that first-trimester serum
PlGF in our cohort of women with
chronic hypertension is lower than
normotensive controls, but this differ-
ence is more marked in those who later
developed superimposed PE.12 However,
despite this, first-trimester levels of PlGF
performed poorly in the prediction of
superimposed PE.12 Our findings were
in agreement with an earlier study that
demonstrated reduced first-trimester
levels of PlGF in women with chronic
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hypertension who later developed PE,
but this decrease was less than in healthy
women who later developed PE.74 These
findings support the logic that, first, a
lesser degree of placental impairment
is required in women with chronic hy-
pertension to trigger the development of
superimposed PE, and second, that
chronic hypertension, independent of
the development of superimposed PE, is
associated with placental impairment.
Therefore, first-trimester levels of PlGF
are unlikely to discriminate between
those with chronic hypertension who
will later develop superimposed PE and
those who will not.

Given the emerging role of sFlt-1 in
the pathophysiology of PE, studies have
examined the relationship of serum sFlt-
1 in the first trimester of pregnancy with
the later development of PE in the gen-
eral obstetrical population. The evidence
is contradictory with some studies
reporting increased61,75 or decreased76,77

concentrations of sFlt-1 in the first
trimester of pregnancy and others
reporting no significant difference from
normotensive pregnancies.47,78e80 The
performance of first-trimester sFlt-1 in
the prediction of PE occurring before
and after 34 weeks of gestation is modest
with AUCs of 0.7176 and between
0.60275 and 0.743,61 respectively, re-
ported in the general obstetrical popu-
lation. In women with chronic
hypertension, the findings from the
existing studies would suggest that first
trimester serum sFlt-1 does not have a
major contributory role to the later
development of superimposed PE. Two
studies examining sFlt-1 at 12 to 1565 or
11 to 2764 weeks of gestation in women
with chronic hypertension were not
significantly different between those that
developed superimposed PE and those
who did not. We found that in women
with chronic hypertension, compared
with normotensive controls, first-
trimester sFlt-1 was reduced, and the
reduction was greater in those that
developed superimposed PE; we postu-
lated that in the presence of impaired
placentation, early placental hypoxia is
not accompanied by an increase in sFlt-1
because of the inability of the impaired
placenta to produce this receptor.12
Second and third trimesters. Similarly,
the relationship between the alterations
in angiogenic factors in women with
chronic hypertension and the develop-
ment of superimposed PE in the latter
half of pregnancy remains less clearly
defined than in the general obstetrical
population.63e66

Perni et al65 performed a longitudinal
study in 109 women with chronic hy-
pertension, measuring PlGF, sFlt-1, and
sEng from the first trimester of preg-
nancy to the postpartum period. At the
time of delivery, all women with
superimposed PE demonstrated lower
PlGF and elevated sFlt-1 and sEng than
those without superimposed PE.65

Before delivery, sFlt-1 and sEng were
elevated at 20 and 28 weeks of gestation,
respectively, in those who developed
preterm superimposed PE only, and
PlGF was significantly lower in all
women with superimposed PE at 28
weeks of gestation.65 Similar findings
were reported in 4 smaller studies of
angiogenic factors in women with
chronic hypertension and super-
imposed PE.66,81e83 One study reported
higher levels of second-trimester sFlt-1
and lower levels of PlGF before the
clinical onset of superimposed PE with
no difference in sEng.81 When women
with superimposed PE were excluded,
the differences in sFlt-1 and PlGF
observed were diminished between
women with chronic hypertension and
the controls suggesting that it was the
PE itself rather than the underlying
condition that is associated with the
alterations in the angiogenic factors.81

These findings are in agreement with
Bramham et al66 who found that PlGF
was significantly lower in women with
superimposed PE than those without
and normotensive controls at 26 weeks
of gestation. The third study demon-
strated increased levels of predelivery
sFlt-1 in women with superimposed PE
compared with those with uncontrolled
hypertension, defined as a BP of <140/
90 mm Hg, alone and also normoten-
sive controls with no difference in
PlGF.82 Women with uncontrolled hy-
pertension but without superimposed
PE had increased levels of sFlt-1
compared with the normotensive
FEBRUARY 2022 Amer
controls.82 Although the authors of this
study did not suggest an underlying
mechanism for this, it may be that
elevated sFlt-1 in women with uncon-
trolled hypertension is a response to
elevated levels of VEGF. Outside of
pregnancy, a direct correlation between
mean arterial BP and VEGF has been
reported.69

One further study included a group of
normotensive controls that subsequently
developed PE.83 This study found that
PlGF was significantly lower and sFlt-1
significantly elevated in women with
chronic hypertension and normotensive
controls who developed preterm PE at 20
weeks of gestation compared with those
who did not.83 The alterations in the
levels of angiogenic factors were more
pronounced in normotensive women
with new-onset PE.Unfortunately, only 1
of these studies was adequately powered
to assess the predictive performance of
the angiogenic factors for the diagnosis of
superimposed PE inwomenwith chronic
hypertension. PlGF screening is per-
formed moderately as a predictor for
superimposed PE at 26weeks of gestation
in women with chronic hypertension
with an AUC of 0.78.66

In contrast to these studies, others
have reported no difference in the levels
of second-trimester sFlt-1 in women
with chronic hypertension who devel-
oped superimposed PE and those who
did not.63,84,85 One of these studies
included a normotensive control group
who later developed PE and found that
levels of sFlt-1 and sEng were higher in
the controls than in womenwith chronic
hypertension and superimposed PE with
no difference in PlGF between the 2
groups.63 Again, these studies did not
perform any prediction modeling.

Other studies have evaluated these
angiogenic factors in a mixed cohort of
women considered at high risk of
developing PE, including women with
chronic hypertension, chronic kidney
disease, multiple gestation, pregesta-
tional diabetes, obesity, and previous
PE without subanalyses as separate
groups.64,67,73,87e88 There are 2 main
limitations to this approach. First,
women within each subgroup vary in
their a posteriori risk of PE. For example,
ican Journal of Obstetrics & Gynecology S1189
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TABLE 4
Summary of the studies evaluating levels of sFlt-1, PlGF, and sEng in women with chronic hypertension (with and
without superimposed PE) and previously normotensive women (with and without PE)

Author, y Gestation (wk)

Chronic hypertension Normotensive women

Superimposed PE

No
superimposed
PE PE No PE

n Level N Level N Level n Level

sFlt-1 (pg/mL)

Nzelu et al, 202012 11e13 202 448 — — 142

Costa et al, 201663 32 13 2438 46 1459 4 4323a 27 2242

Metz et al, 201484 20 103 N/A 284 N/A — — — —

Maynard et al, 201381 28e32 6 N/A 16 N/A — — 59 N/A

Perni et al, 201266,b 20e36 8 9476c 73 2892 — — — —

Sunderji et al, 201084,b 20e36 9 59,533c 18 2277 39 91,514a 388 2416

Powers et al, 201086 20 78 383 235 368 — — — —

PlGF (pg/mL)

Bramham et al, 20206 26e28 14 68c 72 193 — — 90 222

Nzelu et al, 202012 11e13 202 448 — — 142

Costa et al, 201663 26e36 13 393 46 478 4 236a 27 725

Metz et al, 201484 20 103 N/A 284 N/A — — — —

Maynard et al, 201381 23e36 6 N/A 16 N/A — — 59 N/A

Perni et al, 201265,b 20e36 8 192c 73 407 — — — —

Powers et al, 201085 20 78 192 235 222 — — — —

Sunderji et al, 201084,b 20e36 9 18.9c 18 364 39 12.1a 388 447

sEng (ng/mL)

Metz et al, 201484 20 103 N/A 284 N/A — — — —

Maynard et al, 201381 23e36 6 N/A 16 N/A — — 59 N/A

Perni et al, 201265,b 20e36 8 31c 73 9 — —

Powers et al, 201085 20 78 6 235 5 — — — —

N/A, not applicable; PE, preeclampsia; PlGF, placental growth factor; sEng, soluble endoglin; sFlt-1, soluble fms-like tyrosine kinase-1.

a Significantly different than those without preeclampsia; b Preterm preeclampsia only; c Significantly different than those without superimposed preeclampsia

Kametas. Screening and diagnosis of superimposed preeclampsia. Am J Obstet Gynecol 2022.
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womenwith chronic kidney disease have
a 10-fold increase in the risk of PE
compared with a 5-fold increase with
chronic hypertension alone.1,89 Second,
it is likely that the mechanism of
PE differs among high-risk groups.
A woman with chronic hypertension
with poorly controlled BP will have a
lesser capacity to cope with the endo-
thelial stress of pregnancy than a
normotensive woman with previous PE.
The latter is likely to require a greater
degree of placental impairment than the
former to trigger the onset of PE later in
pregnancy.12,74,90
S1190 American Journal of Obstetrics & Gynecolo
In summary, alterations in these
angiogenic markers may contribute to
the risk of superimposed PE in women
with chronic hypertension. However,
these alterations are not as pronounced
compared with new-onset PE and can
occur even in the absence of super-
imposed PE.

Inflammatory biomarkers
Outside of pregnancy, there is substan-
tial evidence to suggest that proin-
flammatory mediators are not only
elevated in patients with chronic hyper-
tension but also associated with later
gy FEBRUARY 2022
cardiovascular morbidity.91e93 Several
mechanisms have been proposed for the
relationship between proinflammatory
mediators and hypertension. Stimula-
tion of vascular smooth muscle cells by
angiotensin II, a key regulator of BP,
which is implicated in chronic hyper-
etnsion, results in inflammatory activa-
tion with increases in the production of
interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF-a).94 IL-6 then promotes
vascular smooth muscle cell prolifera-
tion, a hallmark of the early stages of
chronic hypertension.95 TNF-amay also
augment the vasoconstrictive effects of
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angiotensin II through its up-regulation
of its AT1 receptors on smooth muscle
cells.96 In addition, TNF-a enhances the
release of another potent vasocon-
strictor, endothelin. Significantly higher
levels of endothelin have been demon-
strated in hypertensive patients and,
through its effects on vascular remodel-
ing, has been shown to lead to the
development and progression of
atherosclerosis.97 Endothelin is also
known to increase the expression of
other inflammatory cytokines, such as
IL-6, and cell adhesion molecules
(CAMs), such as vascular CAM
(VCAM).98

Similarly, in PE, the physiological in-
flammatory response observed in
normal pregnancy appears to be more
exaggerated and associated with an
imbalance between proinflammatory
and anti-inflammatory cytokines.39 As
with angiogenic factors, uteroplacental
hypoxia is proposed to play a central role
in shifting the production toward
proinflammatory cytokines.39 Ulti-
mately, this inflammatory response leads
to the endothelial dysfunction that is
pathognomonic of both chronic hyper-
tension and PE. Thus, proinflammatory
cytokines, such as TNF-a, IL-6, and
endothelin, and CAMs, such as P-selec-
tin and VCAM, have been investigated
for the prediction and diagnosis of
superimposed PE in women with
chronic hypertension.99,100

First trimester. A meta-analysis of the
studies on first-trimester IL-6 and
TNF-a levels concluded that the exist-
ing data were insufficient to determine
whether there was a difference between
pregnancies later complicated by PE
and those that remained normoten-
sive.101 Of the 3 studies that demon-
strated a difference in first-trimester
TNF-a, 2 reported a detection rate of
67.8%102 and 75.0%,103 at a false posi-
tive rate of 10%, for the prediction of
PE using first-trimester TNF-a alone.
In contrast, a third study found that
TNF-a alone was not predictive of PE
but in combination with other inflam-
matory mediators, such as IL-8, it
provided a detection rate of 55%.104 No
significant association between first-
trimester IL-6 and subsequent devel-
opment of PE has been reported.101

In the general obstetrical population,
there is a positive correlation between
first-trimester endothelin and the later
development and severity of PE.105 As
with TNF-a, first-trimester endothelin
alone performs poorly in the prediction
of PE with a detection rate of 55.5%.105

Furthermore, in uncomplicated preg-
nancies, a significant association be-
tween first-trimester endothelin level
and BPs within the normal range has
been demonstrated.106

There is only 1 study that has evalu-
ated first-trimester levels of IL-6, TNF-a,
endothelin, and VCAM in women with
chronic hypertension. Compared with
the normotensive controls, the findings
in women with chronic hypertension in
this study demonstrated that at 11 0/7 to
13 6/7 weeks of gestation, serum levels of
endothelin was increased, but TNF-a,
IL-6, and VCAM were not significantly
different.107 Within the group of women
with chronic hypertension, only serum
levels of VCAM were higher in those
who developed superimposed PE than in
those who did not. However, in women
with chronic hypertension, first-
trimester serum levels of VCAM pro-
vided poor prediction of superimposed
PE.107

Second and third trimesters. There are 3
studies evaluating soluble TNF (sTNF)
receptors, considered to be a proxy of
TNF activity, in a heterogeneous cohort
at high risk of developing PE, including
those with chronic hypertension, mul-
tiple gestation, previous PE, and pre-
gestational diabetes.84,108,109 One study
found significantly higher levels of sTNF
receptor I from the second trimester of
pregnancy onward only in those who
later developed PEwith intrauterine fetal
growth restriction and/or severe fea-
tures.108 The second study demonstrated
significantly higher levels of sTNF re-
ceptor II in the second trimester
of pregnancy in those who later devel-
oped PE.109 Although these differences
remained after adjustment for chronic
hypertension,109 neither study per-
formed a separate subgroup analysis
for the 13 and 303 women with
FEBRUARY 2022 Amer
chronic hypertension included, respec-
tively.108,109 As with the angiogenic fac-
tors, such an approach has limitations. A
subgroup analysis by Metz et al84 found
considerable variation in the differences
in levels of biomarkers, such as TNF-a
and its receptor, between those who did
and did not develop PE within each
high-risk subgroup. Levels of TNF-a and
its receptor were higher only in those
with chronic hypertension who devel-
oped superimposed PE than in those
who did not.84

As with cytokines, CAMs, in partic-
ular VCAM and P-selectin, have also
been implicated in the pathophysiology
of chronic hypertension and PE. The
endothelial expression of CAMs pro-
motes leucocyte recruitment and rolling,
extravasation into the perivascular tissue
leading to increased endothelial perme-
ability and dysfunction.98,110,111 In a
study of women with chronic kidney
disease, of which over half had coexisting
chronic hypertension, significantly
higher levels of VCAM in the second
trimester of pregnancy were observed in
those who developed superimposed PE
than in those who did not.112 Similarly,
second-trimester P-selectin was found to
be increased in women with chronic
hypertension who subsequently devel-
oped superimposed PE compared with
those who did not.84

In summary, none of the proin-
flammatory mediators examined to date
are useful in the prediction of super-
imposed PE in women with chronic
hypertension. As inflammation plays a
key role in the endothelial dysfunction
characteristic of both chronic hyperten-
sion and PE, it may be that the existing
studies are underpowered to identify
subtle differences and further evaluation
is still needed.

Cardiac biomarkers
ProeB-type natriuretic peptide (NT-
proBNP) is regarded as a sensitive
marker of early cardiac dysfunction and
has been found to correlate with volume
expansion and pressure overload.113 Low
NT-proBNP levels typically seen in
uncomplicated pregnancies suggest that
the increased intravascular volume in
late pregnancy is handled without an
ican Journal of Obstetrics & Gynecology S1191
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increase in left ventricular end diastolic
pressure.114 Conversely, in pregnancies
complicated by PE, the pressure overload
that develops within a few week has been
correlated to elevated levels of NT-
proBNP.114 Despite this correlation, in
the general obstetrical population, the
performance of NT-proBNP in the pre-
diction of PE is modest with AUCs of
0.55115 and 0.69116 in the first and third
trimesters of pregnancy, respectively.

In women with chronic hypertension,
pressure overload because of increased
intravascular volume (preload) or
increased peripheral vascular resistance
(afterload) is likely to predate the preg-
nancy.117 As an indicator of this left
ventricular strain, elevated NT-proBNP
has been demonstrated outside of preg-
nancy in patients with chronic hyper-
tension.117 It has been proposed that
because NT-proBNP reflects the
impaired hemodynamics of womenwith
chronic hypertension, it may also give
insight into their risk of developing
superimposed PE. One study has
demonstrated significantly elevated NT-
proBNP in women with chronic hyper-
tension throughout all trimesters of
pregnancy compared with normotensive
controls. In women with chronic hy-
pertension who develop superimposed
PE, NT-proBNP was significantly
elevated compared with those who did
not at 16 weeks of gestation.118 Another
study reported that in women with
superimposed PE, levels of NT-proBNP
did not decrease with advancing gesta-
tion, as normally expected, compared
with normotensive controls and women
with chronic hypertension but no
superimposed PE.66 However, in the
latter study, NT-proBNP, at any point in
pregnancy, was not predictive for the
development of superimposed PE.66

We have previously stratified women
with chronic hypertension according to
first-trimester BP control, with those
with suboptimal BP control despite
antihypertensive medications at the
highest risk of developing superimposed
PE.15 We proposed that these groups are
likely to represent 3 hemodynamic pro-
files at different stages of cardiovascular
disease.15 Those with mild impairment
in vascular function demonstrate
S1192 American Journal of Obstetrics & Gynecolo
physiological adaptation to early preg-
nancy with normalization in BP, whereas
those with more severe impairment in
vascular function and thus less capacity
for adaptation are persistently hyper-
tensive.119 The inclusion of markers of
cardiac function may, aside from BP
thresholds, provide additional value in
identifying women with chronic hyper-
tension who fall into this latter strata.

Uterine artery Doppler velocimetry
Second-trimester Doppler examination
of the uterine arteries has been advo-
cated as a screening test for PE, partic-
ularly in those considered at high
risk, such as women with chronic
hypertensions.120e123 Studies have
confirmed a significant association be-
tween abnormal uterine artery resistance
index (RI) and presence of a diastolic
notch with the later development
of superimposed PE in women with
chronic hypertension.121,122 However,
the performance of these indices in the
prediction of superimposed PE remains
modest with a reported AUC of 0.73.121

This finding along with the similarly
modest predictive performance of first-
trimester PlGF in women with chronic
hypertension supports the hypothesis
that where there is preexisting endothe-
lial dysfunction, placental impairment
plays a smaller role in the onset of
superimposed PE.

Conclusion
In women with chronic hypertension,
there are differences in uric acid, the
renin-angiotensin aldosterone system,
angiogenic factors, proinflammatory
markers of endothelial dysfunction, and
NT-proBNP between those who develop
superimposed PE and those who do not.
However, none of these biomarkers have
been shown to be useful in the screening
and diagnosis of superimposed PE. -
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