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Hypertension-related disorders are the most common medical
problems encountered during pregnancy and complicating
approximately 6-11% of all pregnancies [1-3].

Hypertensive disorders during pregnancy are commonly classified
into four categories: a) chronic hypertension, b) preeclampsia-
eclampsia, c¢) preeclampsia superimposed on chronic hypertension
and d) gestational hypertension (transient hypertension of pregnancy,
or chronic hypertension identified in the latter half of pregnancy). In
particular, gestational hypertension is actually preferred over the older
term of pregnancy-induced hypertension [4].

In 2008, the Society of Obstetricians and Gynecologists of Canada
(SOGCQ) released revised guidelines [5] that simplified the classification
of hypertension in pregnancy into 2 categories, ‘preexisting’ and
‘gestational’ with the option to add “with preeclampsia” to either
category in the presence of additional maternal or fetal symptoms or
signs.

The category “hypertensive disorders of pregnancy” is an important
cause of perinatal morbidity and mortality [1-3] contributing to
stillbirths and fetal complications including abruptio placentae,
intrauterine growth restriction, premature delivery, and intrauterine
fetal death [4]. In addition, they rank among the leading causes of
maternal mortality, particularly when elevated blood pressure (BP) is
due to preeclampsia, either alone or superimposed on chronic vascular
disease [2].

In the last years epidemiological data identified several risk factors
for development of hypertensive disorders in pregnancy, generally with
relative risks of 1.5 to 9.7 in meta-analyses and systematic reviews [6].

A recent survey [7] on 2334 healthy nulliparous pregnant women
participating in two population-based prospective cohort studies,
analyzed the potential role of maternal demographics and clinical
characteristics commonly recognized during pregnancy as predictors
of gestational hypertension. Results showed that weight, systolic and
diastolic BP obtained at the antenatal booking visit, may be suitable to
stratify the risk of becoming hypertensive before 36 weeks of gestation.

In addition, presence of antiphospholipid antibodies, history of
pre-eclampsia, pre-existing diabetes, multiple pregnancy, nulliparity,
family history of pre-eclampsia and age > 40 are commonly associated
to an increased risk for the development of hypertensive disorders
[6-8]. The risk of pre-eclampsia is also increased with pre-existing
hypertension and renal disease, a pregnancy interval of > 10 years, and
confirmed proteinuria [6-8].

More recently, other markers have been investigated as potential
predictors of hypertensive disorders during pregnancy [9-12]. They
include laboratory markers (plaminogen activator inhibitor, placental
growth factor, von Willerand factor, C-reactive protein and serum
uric acid), provocative biophysical tests (angiotensin II challenge test,
roll-over test, isometric exercise test), urinary proteomics, inherited
thrombophilias (factor V Leiden mutation, prothrombin gene

mutation, protein C or S deficiency and antithrombin III deficiency),
antiphospholipid antibodies and abnormal maternal serum markers
(alpha fetoprotein, human chorionic gonadotrophin and plasma tumor
necrosis factor alpha) [9-12].

Although several risk factors have been proposed as potential
predictors of hypertensive disorders during pregnancy, early prediction
ofhypertensive disorders in healthy and initially normotensive pregnant
women remains problematic. Indeed, preeclampsia and eclampsia are
etiologically complex and heterogeneous conditions [4,13,14]. No
guidelines exist for an appropriate and cost-effectiveness screening and
early detection of hypertensive disorders in the community and there
is no uniformity in referral thresholds and assessment procedures [6].
In addition, systematic reviews suggest that any single test may lack
predictive value or practical utility to be applied at large [9-11].

There is a growing international concern that medical expertise is
needed in the identification of pregnant women at increased risk of
hypertensive disorders. In particular, the core of this concern are the
issues of which healthcare providers will be most qualified to develop
risk prediction models for hypertensive disorders.

In this context, some collaborative studies between gynaecologists,
internists and cardiologists used the combinations of different tests to
develop multivariable risk models for the prediction of hypertensive
disorders during pregnancy [8,15-17]. The use of multiple markers in
a screening approach may reflects different aspects of the hypertensive
disease process and increases the specificity and sensitivity of the
screening [17].

In particular, some studies analyzed the additive value of
instrumental techniques (electrocardiography [ECG] and ambulatory
BP monitoring [ABPM]) and their combinations with maternal factors
and biochemical markers to refine risk stratification for hypertensive
disorders in pregnancy [8,15-17].

The additive role of ABPM for the risk stratification of hypertensive
disorders during pregnancy is based on the poor ability of casual BP
measurements to detect the real BP load of pregnant women. BP falls
early in pregnancy and is usually 10 mmHg below baseline in the second
trimester [18]. The tendency of BP to decrease in early pregnancy may
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mask the real BP load of women with abnormal BP before pregnancy
and reduce the clinical impact of prediction models for hypertensive
disorders developed on the basis of office BP measurements.

Consequently, a relatively large proportion of pregnant women
may have masked gestational hypertension, undetected by office BP
measurements, but revealed by ambulatory BP [19].

In this context, specific BP index and circadian patterns has been
proposed to detect subgroups of pregnant women at increasing risk
of developing hypertensive disorders [20-22]. Hermida et al. [21]
described various circadian patterns of ambulatory pulse pressure (PP)
in a large prospective cohort study of pregnant women. A significantly
higher 24-h mean PP was observed in the group of patients who
developed both gestational hypertension and preeclampsia when
compared to those who had uncomplicated pregnancies. This difference
was even greater in the third trimester than the second trimester. In
addition, pregnant women at increased risk of hypertension disorders
tend to have higher night-time ambulatory BP than women without
development of hypertension complications during pregnancy [22].

A recent prospective screening study in nulliparous healthy women
with singleton pregnancies [15], evaluated the potential additive role
of standard ECG in the identification of women at increased risk for
hypertensive complications.

At the first antenatal visit, 12-lead ECG was recorded; ECG
tracings were interpreted in a central laboratory and the following ECG
parameters were analyzed: heart rate (HR), QRS duration, corrected
QT interval, Cornell voltage, presence of ST-T abnormalities and left
atrial (LA) abnormality. The criteria used for the diagnosis of P wave
abnormality in lead V1 were: (1) bi-peak interval in deeply notched
P wave with (2) terminal forces equal to or more negative than -0.04
mmesec, as obtained from the product of the depth of the terminal
negative deflection and its duration (Figure 1).

The primary outcome of the study was the development of
gestational hypertension, pre-eclampsia and eclampsia. The secondary

outcome was a composite measure of hypertensive disorders and other
pregnancy complications including fetal growth restriction, HELLP
(hemolysis, elevated liver enzymes, low platelets) syndrome, placental
abruption, stillbirth, premature delivery and neonatal death.

Study population was sub-divided into two groups by occurrence
of hypertensive disorders during pregnancy. At entry, women with
development of hypertensive disorders differed under some aspects
from those who did not experience these events: weight, body mass
index (BMI) and BP were higher in women with hypertensive diseases
than in those without (all p < 0.05). LA abnormality in lead V, was also
more prevalent in women with hypertension disorders (p=0.002). Age,
laboratory tests, HR and other ECG parameters did not differ between
the two groups.

In a multivariable model, mean arterial pressure (MAP) and LA
abnormality in lead V, were independent predictors of hypertensive
disorders. In particular, the presence of LA abnormality in lead V,
was associated to a 4-fold increased risk of developing hypertensive
disorders (OR: 4.35;95% confidence interval [CI]: 1.84-10.31; p=0.001).

The predictive model discriminated well between women
who developed hypertensive disorders and women who remained
normotensive during pregnancy, with an area under the curve (AUC) of
0.754 (95% CI: 0.667-0.841, p<0.0001). Although the primary outcome
of the study was the development of hypertensive disorders, the same
prediction model also proved significance to identify pregnant women
at increased risk for the occurrence of maternal and fetal/neonatal
complications.

A normogram to predict probability of hypertensive disorders and
to facilitate the practical application of the model is depicted in the
figure. As an example how to use this normogram, a woman with MAP
of 80 mmHg at the booking visit and presence of LA abnormality in
lead V, would have a probability of developing hypertensive disorders
equal to 25%. In contrast, a woman with MAP of 80 mmHg and normal
P wave in lead V, would have a probability of 7%.

Figure 1: Normogram for the estimation of the risk of developing hypertensive disor
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MAP = mean arterial pressure estimated using the following formula: [diastolic blood pressure + (pulse pressure/3)].

ders according to baseline mean arterial pressure and P wave morphology in lead
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Notably, abnormality of P-wave morphology in lead V| tested in
this study as predictor of hypertensive disorders during pregnancy is
commonly used as an ECG sign of LA enlargement and it may be easily
diagnosed by traditional visual interpretation of ECG tracings, without
any need of digitalization or other computer facilities [15].

In conclusion, most of the proposed risk markers used as
screening test for the prediction of hypertensive disorders during
pregnancy suffer from poor sensitivity and poor positive predictive
values. However, the combinations of different tests and risk markers
might improve the accuracy of multivariable predictive models for
the prediction of hypertensive disorders of pregnancy, especially for
the more severe forms. In this context, a collaborative care between
different health providers may offer the opportunity to improve the
ability in the identification of pregnant women at increased risk of
hypertensive disorders.
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