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Abstract

Hypertensive pregnancy disorders (HPD) are important causes of maternal and fetal morbidity and
mortality worldwide. In addition, a history of HPD has been associated with an increased risk for
maternal cardiovascular disease later in life, possibly due to irreversible vascular and metabolic
changes that persist beyond the affected pregnancies. Therefore, treatment of HPD may not only
improve immediate pregnancy outcomes, but also the maternal long-term cardiovascular health.
Unlike the recommendations for hypertension treatment in the general population, treatment
recommendations of HPD have not changed substantially for more than two decades. This is

particularly true for mild to moderate hypertension in pregnancy, defined as a blood pressure of
140-159/90-109 mm Hg.

This review focuses on the goals of therapy, treatment strategies, and new developments in the
field of HPD that should be taken into account when considering blood pressure targets and
pharmacological options for treatment of hypertension in pregnant women.
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Introduction

Hypertension is the most common medical condition encountered during pregnancy,
occurring in approximately 6-8% of pregnancies [1]. The hypertensive disorders of
pregnancy cover a spectrum of conditions, including preeclampsia-eclampsia, gestational
hypertension and chronic hypertension. The pooled incidence of preeclampsia in developing
countries is reported to be around 3.4% and, in developed countries, ranges from 0.4-2.8%
[2]. In the US, the rates of hypertensive pregnancy disorders (HPD) have risen steadily over
the last 3 decades, with the most recently reported rates of preeclampsia and gestational
hypertension of 29.7 and 32.1 per 1000 deliveries, respectively [3]. As a group, HPD
represent the most common direct cause of maternal mortality in both developed countries
(16% of all maternal deaths) and developing countries (9-25% of all maternal deaths) [4].
Hypertension in pregnancy is one of the major causes of maternal mortality in the United
States (similar to other industrialized countries), accounting for 12.3% of the maternal
deaths between 1998 and 2005 [5]. Even in the modern era, hypertension in pregnancy
imparts a significant increase in maternal morbidity. In 36,537,061 delivery discharges
between 1998 and 2006, as identified by the Nationwide Inpatient Sample of the Healthcare
Cost and Utilization Project, there was an increased risk for obstetric complications, such as
acute renal failure, pulmonary edema, need for ventilator support, and cerebrovascular
complications, for every category of hypertensive pregnancy including mild preeclampsia

[6].

Hemodynamic changes in nhormal pregnancy

Changes in blood pressure (BP) during normal pregnancy are related to alterations in cardiac
output and systemic vascular resistance (SVR). Systemic vasodilation is induced by
pregnancy hormones such as estrogen, progesterone, prolactin and relaxin [7], along with a
decreased responsiveness to pressor hormones, such as angiotensin II and vasopressin [8].
This systemic vasodilation, combined with the low resistance system of the uteroplacental
circuit, results in a marked reduction in SVR. In response to this, there is a gradual increase
in plasma volume, accomplished through an increase in plasma renin, accompanied by
reduced atrial natriuretic peptide levels [9]. Heart rate increases, mainly due to systemic
vasodilation. The overall effect is of increased cardiac output [10]. The sum effect of these
hemodynamic changes is an initial decrease in systemic arterial BP by 10 — 15 mmHg in
early pregnancy. A nadir in BP usually occurs towards the end of the second trimester.
Beginning in the third trimester, BP rises by about 10 mmHg, and returns to the individual’s
baseline value by the end of pregnancy [11].

Pathophysiology of preeclampsia

In preeclampsia, the placental spiral arteries fail to lose their musculoelastic layers
ultimately leading to decreased placental perfusion [12, 13]. Placental hypoxia is frequently
viewed as an early trigger of placental production of soluble factors resulting endothelial
dysfunction [14], which may play a central role in the pathogenesis of the maternal
syndrome of preeclampsia. Recent studies of vascular endothelial growth factor (VEGF) and
its receptors have suggested that down-regulation of VEGF may be the missing link between
the ischemic placenta and maternal endothelial dysfunction [15]. Other mechanisms
implicated in the pathophysiology of preeclampsia include, oxidative stress, placental
steroidogenesis, formation of agonist auto-antibodies against the angiotensin II receptor,
exaggeration of the hypercoagulability of pregnancy, and insulin resistance [16, 17]. The
end result of this complex interplay between maternal and placental mechanisms is a
maternal multi-system disorder, characterized by hypertension, proteinuria, and, in severe
cases, multi-organ dysfunction.
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Kidney biopsies have revealed generalized swelling and vacuolization of endothelial cells.
Renal vasoconstriction decreases renal plasma flow; while increasing creatinine levels and
causing oliguria. Small vessel endothelial injury leads to activation of the coagulation
system, with formation of platelet and fibrin thrombi in the microvasculature. This may lead
to thrombocytopenia, microangiopathic hemolytic anemia and hemoconcentration from
capillary leakage. Similar effects are noted in the liver, leading to periportal and sinusoidal
fibrin deposition, reduced hepatic blood flow and periportal hemorrhage, resulting in
capsular pain and abnormal liver enzymes. The triad of hemolysis, elevated liver enzymes,
and low platelet count, known as HELLP syndrome, is one of the most severe forms of
preeclampsia (Table 1). In the cerebrovascular system, vasculopathy, microinfarcts and
hemorrhage, and cerebral edema are noted. These findings are possibly due to vasospasm of
the cerebral vasculature in response to hypertension, or from the loss of cerebrovascular
autoregulation- with areas of both vasoconstriction and forced vasodilation. This may
manifest clinically as headache, altered mental status and seizures. It is thought that this may
represent a form of posterior reversible leukoencephalopathy syndrome (PRES) [18], a
clinical syndrome of neurological signs and symptoms coupled with neuroimaging findings
of vasogenic edema, observed predominantly in the posterior circulation. Fetal effects
include growth restriction and fetal loss.

Classification and definitions of hypertensive pregnancy disorders

The National High Blood Pressure Education Program (NHBPEP) Working Group on High
Blood Pressure in Pregnancy defines hypertension in pregnancy as two BP measurements of
>140/90 mmHg measured 2six hours apart. The HPD are divided into four classes: chronic
hypertension, preeclampsia-eclampsia, preeclampsia superimposed on chronic hypertension
and gestational hypertension. (Table 1) [1].

Contemporary management of hypertension

Management of chronic hypertension in the non-pregnant versus pregnant population

Hypertension remains the most common medical condition in both the non-pregnant and
pregnant populations. As late as the 1940-50s, an elevated BP in the non-pregnant
population was considered to be necessary for adequate organ perfusion. It was believed that
BP values of 180/110 mm Hg or even higher could be observed without therapy, as long as
there was no evidence of cardiac involvement [19]. Subsequent clinical trials demonstrated
that treatment of hypertension was associated with a decreased incidence of stroke,
myocardial infarction and heart failure. As of 2003, the Joint National Committee (JNC) on
the Prevention, Detection, Evaluation and Treatment of High Blood Pressure has published
seven reports reflecting increasing levels of aggressiveness in the management of
hypertension as more research and evidence of efficacy of therapy have become available.
Therapy is now indicated for sustained BP levels above 140/90 mm Hg, and close
observation and lifestyle management for pre-hypertension, i.e. BP values between 120/80
and 139/89 mmHg) [20].

The treatment recommendations for hypertension in pregnancy have not evolved similarly.
The initial guidelines on the management of hypertension in pregnancy, published in 1990
by the NHBPEP Working Group Report on High Blood Pressure in Pregnancy [21], were
updated, but not significantly modified, in 2000 [1]. These guidelines represent the most
contemporary guidelines available in the US and were upheld by the American Society of
Hypertension’s position article on Hypertension in Pregnancy [22]. Recommendations for
the treatment of chronic hypertension in pregnancy support the use of anti-hypertensive
therapy for BP levels of >160/110 mm Hg or in the presence of target organ damage, such
as left ventricular hypertrophy and renal insufficiency [1]. Notably, there is a discrepancy
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between the NHBPEP Working Group Report on High Blood Pressure in Pregnancy and
JNC 7 guidelines: mild to moderate hypertension in pregnancy is defined as a BP 140-
159/90-109 mm Hg, whereas, according to JNC-7, a diastolic BP >100 mm Hg is stage 2
hypertension. In addition, there is significant heterogeneity in the recommendations for
treatment among different expert panels. The United Kingdom’s National Institute for
Health and Clinical Excellence (NICE) clinical guidelines recommend slightly more
aggressive treatment, i.e. therapy for all classes of HPD with BP >150/100 mmHg, and
keeping a BP lower than140/90 mm Hg in pregnant women with target-organ damage (such
as renal disease) [23]. Similarly, the European Society of Cardiology (ESC) endorses
different nomenclature, treatment thresholds and targets [24]. These significant differences
among the expert panels reflect an ongoing controversy as to when, if at all, to treat mild to
moderate chronic hypertension in pregnancy. The discussion that follows aims to present
new developments within the field of hypertension, in general, and in pregnant women, in
particular, which may influence contemporary BP treatment thresholds and targets, and the
use of specific anti-hypertensive medications in pregnancy.

Severe versus mild to moderate hypertension in pregnancy

With respect to severe hypertension (commonly defined as a diastolic BP of >110 mm Hg),
there is consensus that anti-hypertensive therapy may reduce the risk of end-organ
complications, including abruptio placentae, stroke and pulmonary edema [25, 26].
Initiation of drug therapy for mild-moderate, or less severe, hypertension in pregnancy
(<160/110 mm Hg) in women without other co-morbidities is still a controversial topic with
contrasting recommendations. Central to this controversy is the concern that
pharmacological therapy may provide no significant maternal benefit while, on the other
hand, intrauterine fetal exposure may increase fetal risks related to both adverse medication
effects, and growth restriction due to the lowering of BP and subsequent reduction in
uteroplacental blood flow. This controversy is fueled by the absence of well-designed and
adequately powered studies of the risks and benefits of the treatment of mild to moderate
hypertension in pregnancy. In contrast, in the general population, the decision to start
medical therapy for the same degree of hypertension is clearly accepted. The higher
threshold of BP recommended for the initiation of anti-hypertensive therapy in pregnant
women, compared to the general population, may be due to the following:

1. lack of evidence that treatment of mild hypertension in pregnancy leads to
improved maternal outcomes

2. assumption that mild hypertension of 4-5 months duration does not adversely
affect immediate and long-term cardiovascular disease (CVD) risks

3. concern that decreased maternal BP may compromise uteroplacental and fetal
circulation, thus resulting in small-for-gestational-age (SGA) infants

4. potential increase in risk for fetal adverse effects due to exposure to potentially
harmful medications in utero

However, what is the evidence that supports the above notions and how may these issues
influence our approach in treating a hypertensive pregnant patient?

Several observational studies have suggested that treatment of mild hypertension in
pregnancy may not be associated with improved maternal outcomes [27-29]. However,
treatment of chronic hypertension has been shown to prevent progression to severe
hypertension [30, 31]. A recent study indicated that adverse pregnancy outcomes are more
frequent with mild-to-moderate BP elevations (140-159/90-109 mm Hg) than with normal
baseline blood pressures. The risks for these adverse pregnancy outcomes, a primary
composite outcome (perinatal death, preterm birth, placental abruption, and severe
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preeclampsia), and SGA infants, were further increased with increasing BP [32]. Of note,
this was a secondary analysis of a cohort of women with chronic hypertension who were
initially enrolled in a National Institute of Child Health & Human Development (NICHD)
Maternal-Fetal Medicine Units (MFMU) Network randomized controlled trial designed to
evaluate aspirin use for preeclampsia prevention [33]. These results are consistent with
previous reports of an association between chronic hypertension and increased maternal and
fetal risks, such as perinatal mortality and placental abruption [34]. In the absence of well-
designed, adequately powered studies, and with a growing body of evidence demonstrating
serious maternal and fetal complications of untreated/inadequately treated hypertension in
pregnancy, most experts in the field now agree that treatment of chronic hypertension in
pregnancy should be initiated for a BP of >150/90 mm Hg [35]; in the presence of renal
disease or other target organ complications, anti-hypertensive therapy is initiated for a
diastolic BP >90 mm Hg. But, are there reasons to further change these criteria for
treatment?

The assumption that mild hypertension of 4-5 months duration does not adversely affect
immediate and long-term CVD risks needs to be re-visited in the setting of the changing
demographics with respect to the age and the overall health of pregnant women. Most
notably, a trend toward advanced age at first pregnancy, particularly in developed countries,
coupled with sophisticated measures of assisted reproduction (such as in-vitro fertilization),
may increase the number of women who, in addition to hypertension, may have other risk
factors, such as renal disease, diabetes, polycystic ovary syndrome, all of which may result
in either clinical or subclinical evidence of vascular damage. Treatment of hypertension
during pregnancy in these women may decrease their overall cardiovascular risk. This would
be consistent with recent studies showing a significant correlation between better
cardiovascular outcomes with earlier and more effective BP treatment [36]. As the findings
of the studies performed in the general population are not directly applicable to pregnant
patients, further research should focus on immediate and long-term cardiovascular outcomes
as functions of hypertension control over the course of pregnancy.

The concern with respect to the possible relationship between fetoplacental growth and the
use of anti-hypertensive therapy is based on a meta-analysis of clinical trials of anti-
hypertensive agents published in 2000, which reported that a 10 mm Hg decrease in mean
arterial pressure was associated with a 145-gram decrease in birth-weight [37]. This meta-
analysis might have been subject to selection bias [38]. For example, a study that compared
nicardipine to metoprolol and showed increased birth weight in the nicardipine treated
group, despite an improved anti-hypertensive effect of the medication, was not included
[39]. In addition, this meta-analysis included studies performed up to the year 2000.
Notably, patients with mild to moderate hypertension were, more likely, not treated, based
on the guidelines within that time-period. This raises the possibility of selection bias towards
the patients who, in addition to hypertension, might have had other medical conditions and
co-morbidities which may have predisposed them to delivering SGA infants (e.g., renal
disease). A recent study further characterized the outcome of hypertensive pregnancy,
reporting that chronic hypertension was associated with adverse fetal outcomes regardless of
treatment [27], suggesting that the low birth weight and growth restriction seen in trials of
anti-hypertensive therapy may be an example of confounding by indication [40], i.e. the
effects observed may be due to the underlying disease itself, rather than treatment of the
disease.

With respect to preeclampsia, the current guidelines recommend treatment of diastolic BP
levels >105 mmHg or lower in high risk circumstances, such as teenagers with recent
diastolic pressures <70 mm Hg, or evidence of cardiac or cerebral decompensation; the level
of systolic BP at which anti-hypertensive therapy is indicated was not defined [1]. A study
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of 29 women who developed a stroke in the setting of severe preeclampsia and eclampsia
showed that the diastolic BP was >105 mm Hg in only 20% of patients, while all patients
had a systolic BP >155 mm Hg [41]. The report called for a paradigm shift towards
considering anti-hypertensive therapy for these patients when the systolic BP reaches or
exceeds 155-160 mm Hg. In addition, PRES seems to occur at lower peak systolic BP
values in pregnant compared to non-pregnant patients [42, 18]. In summary, the findings of
these studies support medical treatment for a systolic BP 2150 mm Hg in women who
develop hypertension during pregnancy, and continuation of therapy in women with chronic
hypertension on adequate therapy prior to becoming pregnant. Current clinical practice, for
the most part, does not reflect published guidelines. Most investigators agree that anti-
hypertensive therapy in a preeclamptic patient should be initiated for a diastolic BP
approaching 100 mm Hg, and for BP >150-160/100 mm Hg [35]. But should this still be
the recommended level for initiation of antihypertensive medications?

An alternative approach, which would be similar to hypertension treatment in the general
population, would be to initiate anti-hypertensive therapy when BP rises to levels of 140/90
mmHg or more in pregnant women, regardless of the presence of proteinuria or other signs
of pre-eclampsia. Early BP control may prevent progression to severe hypertension,
maternal complications (such as a cerebrovascular hemorrhage and heart failure), improve
fetal maturity by permitting prolongation of pregnancy, even in women with secondary
hypertension (Figure 1) who may be at a particularly high risk for adverse pregnancy
outcomes. Several methods are available that can be used to monitor clinically fetal well-
being and safety during both the introduction and titration of antihypertensive medications.

Anti-hypertensive medications and pregnancy

The choice of anti-hypertensive medication in pregnancy has been limited to those that are
considered relatively safe, have a long history of clinical use, and have side-effect profiles
that physicians have found to be acceptable (Table 2). The NHBPEP recommends a-
methyldopa or hydralazine as initial pharmacologic agents. Methyldopa has a long track
record of safety and has been shown to have no adverse effects in children followed up to
7.5 years from their exposures in utero [43]. Unfortunately, the side-effect profiles of these
drugs, including severe somnolence at the doses of methyldopa often required for an anti-
hypertensive effect, and the need for multi-dose daily regimens (hydralazine), may result in
non-adherence, thus limiting their usefulness. BP is often not reduced to normotensive levels
with these agents, and subsequently they are rarely used for treatment of elevated BP in the
general population.

Labetalol, diuretics and calcium channel blockers are now used more frequently than
methyldopa. These are acceptable alternatives that are well tolerated and are often
prescribed in the non-pregnant population (unlike methyldopa), and can be continued in
women with previously diagnosed hypertension [44]. Angiotensin converting enzyme
inhibitors (ACEIs), angiotensin receptor blockers (ARBs), and by extrapolation, renin
inhibitors, are contraindicated in pregnancy because of their risks for fetal toxicity [45—47],
and should be stopped prior to conception or as soon as pregnancy is diagnosed. The use of
diuretics in the 1970s was discouraged, primarily due to theoretical concerns with respect to
their potential adverse effects on placental blood flow. A subsequent randomized trial of
women with chronic hypertension in pregnancy showed no adverse pregnancy outcomes,
despite reductions in plasma volumes [48]. Current guidelines encourage women to continue
diuretics if they were on that regimen before pregnancy. Some physicians would opt to
discontinue diuretics for those who develop premonitory signs of preeclampsia, due to the
concern that their continuous use may further aggravate the hypovolemic state, which is
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characteristic for preeclampsia, thus stimulating renin-angiotensin system, and potentially
resulting in worsening of hypertension.

Hypertensive pregnancy disorders as a risk factor for future cardiovascular

disease

Hypertensive pregnancy disorders have been associated with an increased risk of
development of CVD [49-52], with the most commonly studied outcomes being ischemic
heart disease, stroke, venous thromboembolism and cardiovascular death. A recent
intriguing study of 75, 242 women in Ontario, Canada, demonstrated an increase in the risks
for heart failure and arrhythmias long after hypertensive pregnancy, with a hazard ratio of
1.5, even after adjusting for hypertension and coronary disease, as well as other
cardiovascular risk factors [53].

Echocardiographic studies may contribute towards the understanding of the findings of this
study. Studies conducted in normal pregnancy demonstrate an increase in the size of all
cardiac chambers, which decline to pre-pregnancy levels after delivery [54]. This is
associated with eccentric hypertrophy, and a decrease in LV systolic strain, but stroke
volume and stroke work increase, suggesting that the physiologic increase in cardiac output
is partly maintained by the increase in chamber dimensions [55]. In hypertensive pregnancy,
the myocardial remodeling that is observed in normal pregnancy becomes exaggerated as a
result of exposure to increased afterload [56]. Features of hypertensive pregnancy include
concentric remodeling, concentric and eccentric hypertrophy, biventricular diastolic
dysfunction and myocardial impairment [S7-59]. Unlike normal pregnancy, however, these
effects may persist both in the short term (up to two years post pregnancy) [60] and long-
term (13-18 years post pregnancy) [61], and may contribute to the increased risk of heart
failure and arrhythmias reported by Ray et al [53].

These findings suggest that hypertensive pregnancy may be more than simply a stress test,
and may itself have long lasting effects on the cardiovascular system. A recent study from
Finland seems to support this. The authors found that hypertensive pregnancy, regardless of
classification, including isolated systolic or diastolic hypertension (even in the absence of
known CVD risk factors), was associated with a higher risk of later CVD, chronic kidney
disease, and diabetes mellitus when compared to normotensive pregnancy [62]. Whether
treatment of hypertension in pregnancy to the BP goals established for the general
population affects future cardiovascular outcomes in affected women, remains to be
determined in future studies.

Conclusions

Small, underpowered trials and observational studies have proven to be equivocal in guiding
the practitioner managing mild-moderate hypertension in pregnancy. Evidence is mounting,
however, that hypertension occurring in pregnancy may itself be detrimental to both
immediate and long-term maternal health. The increasing prevalence of hypertensive
pregnancy due to increasing maternal age, and increase in risk factors such as obesity,
mandate that efforts be made to decrease this impact. Furthermore, there is no convincing
evidence that appropriate treatment of HPD is detrimental to fetal wellbeing. Rather, one
must further consider that major guidelines use the level of BP as a major criterion for
induction of delivery and, since antihypertensive treatment may prevent progression to
severe hypertension, if BP elevations were treated earlier, with appropriate medications,
fewer earlier terminations of pregnancy would result.
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Currently, several intervention trials for HPD are in progress [44] to address some of these
issues. While awaiting the results of these trials, a different approach to managing
hypertension in pregnancy should be considered, one that should protect mother from both
immediate and long-term cardiovascular events and one that may improve fetal maturity and
outcome by allowing for continuation of pregnancy. When BP rises to >140/90 mmHg,
anti-hypertensive treatment, coupled with close fetal monitoring, may result in both
improved fetal outcome, as well as decreasing immediate maternal complications (i.e.,
stroke, heart failure) and permanent vascular injury, impacting CVD rates years into the
future.
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Figure 1.

Renovascular hypertension during pregnancy. A 36 year old woman presented at 14 weeks
in her first pregnancy for management of hypertension. She was started on Labetalol 100 mg
twice a day. Her follow up blood pressure (BP) was 184/114 mm Hg and evaluation for
secondary causes of hypertension was initiated. A Doppler study of the renal arteries
showed markedly elevated velocities in the mid-distal right renal artery, peak systolic
velocity (PSV) of 533cm/sec, consistent with fibromuscular dysplasia (FMD) causing a
high-grade right renal artery stenosis, and borderline elevated velocities in the left renal
artery (PSV 199cm/sec), suggesting probable moderate stenosis caused by FMD of the left
renal artery. The decision was made to optimize her medical management, with intervention
to be considered only if she were to fail pharmacotherapy. The dose of labetalol was
gradually increased to 200 mg four times a day and, ultimately, nifedipine XL 90 mg was
added. On that regimen, her systolic BP averaged 122-144 mm Hg, diastolic 78-92 mm Hg
for the remainder of her pregnancy. At 38 weeks of gestation (BP of 146/94 mm Hg), she
delivered, by Caesarean section, a healthy 2.8 kg baby boy with Apgar score of 8 and 9 at 1
and 5 minutes, respectively. Six-months postpartum, she underwent a renal angiogram with
successful bilateral angioplasty (Figure 1A and 1B, right renal artery, before and after
angioplasty, respectively.). She is currently normotensive and off all BP medications.
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