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Abstract 

 

Background 

Hypertensive disorders of pregnancy (HDP) complicate approximately 10% of pregnancies in 

Australia. HDP are a leading contributor to maternal and neonatal morbidity and mortality worldwide. 

Despite multiple national and international clinical guidelines for the management of HDP, 

controversies remain surrounding the blood pressure (BP) threshold for initiation of antihypertensive 

therapy in mild-moderate hypertension, the target diastolic BP and the timing of delivery in non-

severe gestational or chronic hypertension. In-practice use of antihypertensive medication in this 

population has not been previously studied, neither from the system perspective nor that of the patient.   

Aims and Objectives  

The overall aim was to provide an understanding of management of HDP and medication use during 

pregnancy.  

Specific objectives were to:  

i. provide an understanding of the management of HDP in the Australian context by investigating 

compliance to Australian guidelines, specifically: 

a. thresholds for initiation of antihypertensive therapy; 

b. appropriateness of medication regimens; and 

c. use of aspirin in women with known risk factors for development of pre-eclampsia. 

ii. estimate the rate of non-adherence to antihypertensive therapy during pregnancy; 

iii.  understand women’s perspectives on adherence to medication and management of their HDP; 

and 

iv.  contextualise the women’s perspectives via documentation of management and outcomes. 

 

 



viii 
 

Methods and Key Findings 

Phase 1 (Chapter 3):  A retrospective review of medical records of women with HDP who gave birth 

in 2010 at one large Victorian tertiary maternity hospital, revealed that clinical guidelines were mainly 

being followed. Low dose aspirin for the prevention of pre-eclampsia, however, was often over-

looked, resulting in a 12% uptake of timely prescription. Only 20% of women with HDP were 

prescribed an antihypertensive during pregnancy.   

Phase 2a (Chapter 4): A cross-sectional survey of 100 pregnant women being treated with an 

antihypertensive for HDP found that nine in ten self-reported sub-optimal adherence to 

antihypertensive medication. Factors associated with non-adherence were confusion about 

antihypertensive medication and making changes to recommended medication management to suit 

their lifestyle or according to how they were feeling. A potential role for pharmacists in the 

optimisation of medication adherence during pregnancy was identified. 

Phase 2b (Chapters 5 & 6): In-depth interviews of a subsample of 27 women provided a unique 

perspective on medication use, adherence and clinical management of HDP from the pregnant 

women’s view. Adherence to antihypertensives during pregnancy is influenced by the women’s 

understanding of risks. Demonstration of gaps in clinical management from the women’s perspective 

informed the need to include the patient’s view in the management of HDP. Roles for community 

pharmacists were identified in optimisation of medication adherence, education of women of 

reproductive age with chronic hypertension, and assistance with BP monitoring during pregnancy and 

in the long-term postpartum period.  

Phase 2c (Chapter 7): A prospective follow-up study, via review of medical records, of management 

and outcomes in the total cohort consolidated the findings of phases 2a and 2b and contextualised the 

women’s perspectives. Clinical guidelines were mainly followed. There was, however, a greater 

chance of developing severe hypertension, if the initial antenatal visit was after 12 weeks gestation. 

Moreover, there were some delays in switching antihypertensive to a safer pregnancy alternative.  
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Conclusions 

Gaps exist in clinical management of pregnant women with HDP, both in primary healthcare provided 

by GPs and pharmacists in the pre-conception and postpartum periods, and in the maternity antenatal 

hospital health system. Community pharmacists are in an ideal position as front-line healthcare 

professionals to initiate conversations with women of child-bearing age treated using 

antihypertensives regarding timely switching to agents that are safer in pregnancy. Hospitals should 

ensure that women with chronic hypertension have their first antenatal hospital appointment by 12 

weeks gestation to allow consultation regarding potential risks of pregnancy, timely prescription of 

low dose aspirin for the prevention of pre-eclampsia, and close monitoring of HDP and fetal 

wellbeing throughout the pregnancy. Moreover, women with gestational hypertension or pre-

eclampsia during pregnancy should be informed of the potential for future cardiovascular risks, and 

plans for BP follow up postpartum should be made in collaboration with GPs and community 

pharmacists. Finally, models of care including obstetricians, midwives, GPs and pharmacists as well 

as empowerment of all women with HDP to take an active role in their cardiovascular health can 

potentially improve their health outcomes and those of their offspring. 
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CHAPTER 1 

GENERAL OVERVIEW 
 

1.1  Introduction 

 

This thesis describes research investigating the management of hypertensive disorders of pregnancy 

(HDP) and medication use by pregnant women. Research to date has focused on the clinical 

management of HDP; previously known as hypertension in pregnancy, as well as general medication 

use during pregnancy. There has been very little work that addresses the management of HDP or the 

use of antihypertensives during pregnancy from the point of view of the patient.  

This introductory chapter provides general background information to the study topics and the study 

population.  

1.2  The burden of hypertension  

 

Hypertension, commonly known as high blood pressure, is a serious medical condition that can 

increase the risk of many diseases including that of the heart, kidneys and brain. The World Health 

Organization (WHO) estimates the global incidence of hypertension to be 1 in 4 among men and 1 in 

5 among women, resulting in over one billion affected people worldwide (1). The 2017/18 Australian 

Institute of Health and Welfare National Health Survey estimated that just over 1 in 5 adults, totalling 

4.3 million, had hypertension (blood pressure ≥140/90 mm Hg or were taking blood pressure 

medication) (2). Adult hypertension is diagnosed when the systolic blood pressure (BP) is ≥140 

mmHg and/or the diastolic blood pressure is ≥90 mmHg on at least two separate occasions over at 

least two separate days (3).  

Hypertension is known as the ‘silent killer’ due to the lack of immediate symptoms and is a leading 

cause of premature death worldwide (1). This has prompted calls to implement programs to prevent 

hypertension, to optimise management of the condition and to minimise end stage organ failure. 

Modifiable risk factors include unhealthy food choices (high in saturated fat and trans fats, excessive 

salt consumption and a low intake of fruits and vegetables), physical inactivity, being overweight or 

obese, and consumption of tobacco and alcohol. Many initiatives, both locally in Australia and 

worldwide, have targeted these modifiable risk factors to help ease the burden of hypertension. Non-



 

2 
 

modifiable factors, including chronic kidney disease or congenital heart disease, can result in 

secondary hypertension. 

Hypertension also impacts work productivity through days off work due to ill health and reduced 

efficiency (4). This has the potential to impose an economic burden on individuals, employers and 

governments through reduced earnings and tax revenue. The American Heart Association, for 

example, estimated US$3.9 billion was lost due to hypertension-related productivity loss in the United 

States in 2013 (4) whilst in Australia hypertension caused AUD$137.2 billion in lost gross domestic 

product over the working lifetime in 2019 (5). Amongst the population affected by chronic 

hypertension are women of child-bearing age, and these women will be discussed in the context of 

pregnancy in the coming sections.  

1.3 Hypertensive disorders of pregnancy 

 

Hypertensive disorders of pregnancy (HDP) affect about 10% of pregnancies in Australia (6) and is a 

leading cause of maternal mortality and stillbirths worldwide (7). It is estimated that 30,000 maternal 

and 500,000 perinatal deaths are attributed to HDP annually (8). Maternal complications include 

increased risk of caesarean delivery, stroke and potential damage to the hepatic and renal organs (6, 

9). Perinatal risks of maternal hypertension are well documented and include an increased occurrence 

of premature birth, impaired intrauterine growth (IUGR), low birth weight and respiratory distress 

syndrome (6, 10). The legacy of IUGR is lifelong, with an increased risk of neonatal and childhood 

morbidity, and increased risk of adult diseases such as coronary heart disease, adult hypertension, type 

2 diabetes and hypercholesterolemia later in life (11).   

In a pregnancy that is not affected by HDP, BP usually decreases in early pregnancy and reaches its 

lowest point during the early part of the second trimester when the diastolic BP is, on average, 15 

mmHg lower than the pre-pregnancy value (12). The BP then rises during the third trimester and 

reaches pre-pregnancy levels by term (12). 

Hypertension in pregnancy is defined by the Society of Obstetric Medicine of Australia and New 

Zealand (SOMANZ) as systolic BP greater than or equal to 140 mmHg and/or diastolic blood 

pressure greater than or equal to 90 mmHg. These measurements should be confirmed by repeated 

readings over several hours (6). This is also known as mild-moderate hypertension. Severe 

hypertension is defined as a systolic BP greater than or equal to 170 mmHg with or without diastolic 

BP greater than or equal to 110 mmHg. 
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There are three main subtypes of HDP (6): 

- Chronic Hypertension: diagnosed either prior to pregnancy or before 20 weeks gestation. This can 

be either primary hypertension or secondary hypertension. 

- Gestational Hypertension: diagnosed after 20 weeks gestation.  

- Pre-eclampsia: a multi-organ gestational disorder involving hypertension that can occur as a stand-

alone disorder or superimposed on chronic hypertension. This can be either mild or severe. HELLP 

(Hemolysis, Elevated Liver enzymes, Low Platelet count) syndrome presents in a subset of women 

with severe pre-eclampsia with or without other pre-eclamptic features.  

1.4 Therapy and management of hypertensive disorders of pregnancy 

 

The aim of treatment of high BP during pregnancy is to reduce the impacts on the mother and fetus 

alike. The threshold to diagnose HDP is generally agreed upon, with some minor differences between 

international guidelines. There is general consensus on the threshold to urgently treat severe 

hypertension. There is however a controversy surrounding the threshold to treat mild-moderate 

hypertension (6). This was the subject of a large multi-centre international study called ‘Control of 

Hypertension In Pregnancy Study’ (CHIPS) which found no significant differences in the risk of 

pregnancy loss, high-level neonatal care or overall maternal complications between less-tight (target 

diastolic BP 100 mmHg) versus tight (target diastolic BP 85 mmHg) control of hypertension in 

pregnant women with mild-moderate gestational or chronic hypertension (13). Hence the decision to 

treat mild-moderate hypertension often relies on the judgement of the treating obstetrician or 

physician. 

1.4.1 Antihypertensive therapy 

The first line antihypertensive medications recommended for use according to the Australian 

guidelines (6) are methyldopa, labetalol and oxprenolol (oxprenolol has now been discontinued). 

Prazosin, nifedipine and hydralazine are second line agents and are usually used as add-on therapy or 

in cases where the first line agents are deemed unsuitable or ineffective (6).  

Other medications used in the management of HDP include low-dose aspirin (85-100mg) 

administered daily from prior to 16 weeks gestation for the prevention of pre-eclampsia in those at 

high risk (6, 14), such as those who have had pre-eclampsia in a previous pregnancy and those who 

have chronic hypertension. (6, 14) Calcium (1.5g/day) is also used for the prevention of pre-

eclampsia, particularly in women who lack dietary calcium (6, 15). 

A key to the optimal management of HDP is close monitoring of BP throughout the pregnancy to 

ensure adequate BP control and detect signs of pre-eclampsia. 
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1.5 Medication use and challenges during pregnancy  
 

Prescribing medication for any condition during pregnancy involves an evaluation of the risk versus 

benefit balance by the prescriber (16). Potential harms of using antihypertensive medication during 

pregnancy may include increased risk of a small-for-gestational age neonate and congenital 

malformations (17). In Australia, the Australian Drug and Evaluation Committee (ADEC) has a 

classification of pregnancy (18). These classifications are explained in Table 1.1.  

Table 1.1: Australian Drug and Evaluation Committee categorisation of risk of 

antihypertensives during pregnancy 

Category Definition Antihypertensive 

A Drugs which have been taken by a large number of 

pregnant women and women of childbearing age without 

any proven increase in the frequency of malformations 

or other direct or indirect harmful effects on the fetus 

having been observed. 

Methyldopa 

B1 Drugs which have been taken by only a limited number 

of pregnant women and women of childbearing age, 

without an increase in the frequency of malformation or 

other direct or indirect harmful effects on the human 

fetus having been observed. 

Studies in animals have not shown evidence of an 

increased occurrence of fetal damage. 

 

B2 Drugs which have been taken by only a limited number 

of pregnant women and women of childbearing age, 

without an increase in the frequency of malformation or 

other direct or indirect harmful effects on the human 

fetus having been observed. 

Studies in animals are inadequate or may be lacking, but 

available data show no evidence of an increased 

occurrence of fetal damage. 

Prazosin 

B3 Drugs which have been taken by only a limited number 

of pregnant women and women of childbearing age, 

without an increase in the frequency of malformation or 

other direct or indirect harmful effects on the human 

fetus having been observed. 

Studies in animals have shown evidence of an increased 

occurrence of fetal damage, the significance of which is 

considered uncertain in humans. 

 

 

C Drugs which, owing to their pharmacological effects, 

have caused or may be suspected of causing, harmful 

Labetalol 
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Category Definition Antihypertensive 

effects on the human fetus or neonate without causing 

malformations. These effects may be reversible. 

Accompanying texts should be consulted for further 

details. 

 

Atenolol 

Nifedipine 

Hydralazine 

D Drugs which have caused, are suspected to have caused 

or may be expected to cause, an increased incidence of 

human fetal malformations or irreversible damage. 

These drugs may also have adverse pharmacological 

effects. Accompanying texts should be consulted for 

further details. 

 

Angiotensin converting 

enzyme inhibitors 

(ACEIs) 

Angiotensin II receptor 

antagonists and renin 

inhibitors 

 

X Drugs which have such a high risk of causing permanent 

damage to the fetus that they should not be used in 

pregnancy or when there is a possibility of pregnancy. 

 

 

 

Despite methyldopa being the only antihypertensive medication with a category A pregnancy safety 

classification, labetatol, nifedipine, prazosin, hydralazine and oxprenolol (oxprenolol has now been 

discontinued) are also considered safe to be taken during pregnancy (6, 19). ACEIs and alpha-2 

antagonists are commonly used antihypertensives in the general adult population but are not 

recommended in pregnancy (20). Similarly, beta-blockers, other than labetatol and oxprenolol, are 

also not recommended during pregnancy (17). It is important to note that the value of these 

categorisations has been questioned over the last decade (21,22).  

Similarily, the consumer medicine information leaflets of antihypertensives such as labetalol and 

nifedipine contain the warning ‘Do not take this medicine if you are pregnant (23,24). The examples 

of the CMIs of labetalol and nifedipine indicate that the labelling of medication use in pregnancy is 

worthy of an overhaul as suggested by Kennedy in 2011 (21). Despite the work of Kennedy, Hotham 

and others, (21,22) there has not been a substantial change in the labeling of medications for use in 

pregnancy in Australia yet. In the United States, the FDA is replacing pregnancy categories in CMIs 

with more useful information (25): 

Pregnancy (includes Labor and Delivery):  

• Pregnancy Exposure Registry 

• Risk Summary 

• Clinical Considerations 
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• Data  

 

The labelling of antihypertensive medications used during pregnancy should follow safety data from 

evidence-based systematic reviews such as those by Abalos et al mentioned in section 2.8. 

 

1.6  Adherence to treatment, predictors and measurements 

 

The last few decades have witnessed intensive clinical and research interest in medication taking (26).  

Despite this, pregnant women are often excluded from such trials and hence minimal research exists 

about this important subset of the adult population. Moreover, health beliefs surrounding medication 

use in the general population are more powerful predictors of reported adherence than clinical and 

sociodemographic factors (27). Other aspects of medication use during pregnancy, including the 

perceptions and beliefs of pregnant women towards medication safety and risk, the impact of various 

sources of information on these perceptions and the general nature of use of medication during 

pregnancy have been widely explored (28-30). Only a limited number of studies have reported  

adherence to medication by pregnant women with pre-existing specific disease states, namely HIV-

AIDs (31), Crohn’s disease (32), ulcerative colitis (33), asthma (34) and hypothyroidism (35). No 

previous reports have been published about the self-reported adherence of pregnant women to 

medication in hypertensive disorders of pregnancy. One study by Webster et al (36) quantified the 

adherence of pregnant women who were taking labetalol or nifedipine for chronic hypertension during 

pregnancy by measuring urinary metabolites and reported an 88% adherence rate. This was, however, 

part of a randomised controlled trial comparing the two antihypertensives with ongoing monitoring of 

adherence and does not reflect real life behaviour. The WHO publication ‘Adherence to Long-term 

Therapies: Evidence for Action’, described the impact of five main factors that influence adherence to 

medication in the general adult population, namely: patient, socioeconomic characteristics, health 

condition, therapy and healthcare team/healthcare system (37). The nature of nonadherence has also 

been discussed in the literature. Intentional or intelligent nonadherence is rooted in the concept of the 

patient rejecting either the doctor’s diagnosis or the prescribed treatment (38). Intentional adherence 

involves a patient altering their dosage regimen to suit their own needs (39). Fears or concerns about 

potential medication adverse effects and making changes to the recommended medication regimen to 

suit lifestyle are published examples of intentional nonadherence (34, 35). Hence, this is associated 

with their beliefs about the medication and involves a ‘decision balance’ (39). Unintentional 

nonadherence includes the patient forgetting to take the medication and confusion about the 

medication (35). Wroe studied the adherence of a cohort of COPD patients to inhaled corticosteroids 
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and found that unintentional nonadherence is less related to decision making and more associated with 

patient demographics, such as age (39). Hence, patient assessment of adherence should be able to 

distinguish between intentional and unintentional nonadherence to effectively tailor different 

interventions (37). 

1.6.1 Assessment of patient adherence   

Measurement of patient adherence is crucial for the efficient management of poor medication 

adherence. There is no ‘gold standard’ for the measurement of adherence and the use of various 

measures have been reported in the literature (37). One form of measurement involves asking patients 

to self-report adherence behaviour. Although self-report is a subjective measure that can present with 

respondent bias and overestimation of adherence (40), it has been considered the method of choice for 

clinical use as it is cheap, relatively unobtrusive, has the potential to be implemented in clinical 

workflow and able to distinguish between intentional and unintentional nonadherence (42, 44). Self-

reported measures such as questionnaires, the Morisky scale (45), TABS adherence scale (41), 

medication diaries and qualitative interviews have been widely used in the general population. Self-

reported measures can be documented at a single timepoint or may require recall of information. 

Measures that are associated with less potential respondent bias include manual or electronic pill 

counting. Electronic monitoring is considered to be one of the most accurate methods of measuring 

adherence (46). The Medication Event Monitoring System (MEMS®) is an example of electronic 

monitoring of adherence that records the date and time when the package is opened to remove 

medication. Although they have the advantage of being a dynamic measure, they do not prove 

ingestion (46). Nevertheless, several studies have demonstrated moderate to strong associations 

between  electronically monitored adherence and improvement in clinical biomarkers, making them a 

commonly used intervention in the improvement of patient adherence in the U.S (44). However, their 

expense precludes their widespread use (37). Moreover, a review of medication adherence reported 

that patients commonly improve their medication adherence in the 5 days before and after an 

appointment with the health care professional, compared with 30 days after, a phenomenon termed 

white-coat adherence (47). 

 The rate of pharmacy prescription refills via pharmacy databases is another common measure. This 

measure can be used to check when the prescription is initially filled, refilled over time, and 

prematurely discontinued, but also does not ensure ingestion of the medication (37). Adherence 

measured in this way is moderately correlated with adherence measured by electronic monitoring 

(44). Objective clinical measurements, such as drug concentration in the blood or the measurement of 

clinical parameters (e.g. BP), can also be used as a ‘surrogate’ to measure adherence (47,48); 

however, their utility during pregnancy is limited because many physiological factors impact on drug 

levels and the progression of hypertension during pregnancy (49). Moreover, the duration of 
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medication taking during hypertensive disorders of pregnancy is often limited to a short period from 

the time of diagnosis until delivery (6) limiting the concentration of the drug in the blood available for 

testing.  

Furthermore, adherence measures that rely heavily on recall can often under or overestimate 

adherence. Feldman et al. (50) studied the determinants of recall and recall bias in studying drug and 

chemical exposure during pregnancy. The results suggest that recall of chronically used medications 

during pregnancy is better than that for acutely used ones (50). In addition, the authors did not find 

any discrepancies in recall between women who delivered babies with major anomalies compared to 

normal outcomes. This result was different to the finding in a retrospective study of a group of 

pregnant women who took itraconazole during the first trimester, resulting in congenital 

malformations (51). Bar-Oz et al. reported that the women who had taken itraconazole during 

pregnancy reported less use of the medication compared to prospectively obtained drug utilisation 

data (13.0 vs. 3.2%, p = 0.006) (51). These results are supported by the observation that ‘differential 

recall is a serious threat when data are collected after the outcome of the disease is known by the 

respondents’ (50-52). As suggested by these studies (48, 51, 53), a combination of quantitative and 

qualitative adherence measures (i.e. a triangulation approach) would be the most useful approach to 

properly measure adherence to medications. 

1.7  Statement of the problem 

 

Considering that hypertensive disorders complicate approximately 10% of all pregnancies in Australia  

(6) and can adversely affect both the mother and the baby during the pregnancy and beyond, a 

multidisciplinary management approach which incorporates the perspectives of the women should be 

adopted to optimise care and outcomes.  

Despite extensive clinical research into optimising the management of HDP and potentially reducing 

the adverse impact onto to the mother and baby, no previous research has investigated how effective 

the management is, from both a system and patient perspective. Similarly, the patient experience has 

not been previously explored in depth or taken into regard when attempting to optimise the 

management of women with HDP.  

The efficacy of any treatment is maximised by optimal medication adherence. Conversely, 

nonadherence to medication can contribute significantly to treatment failure and unnecessary over-

prescribing. In a study of 819 pregnant women who were surveyed at their 36 week antenatal visit at a 

tertiary hospital in Melbourne, cardiovascular medicines were among those associated with self-

reported nonadherence (54). Adherence to antihypertensive medication in the Australian general adult 

population is also known to be a problem (55, 56). A systematic review of 53 qualitative studies on 
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patients’ understanding and experiences of hypertension and medication showed that non-adherence 

to antihypertensive medication resulted from lack of understanding of the causes and effects of 

hypertension (57). Poor medication tolerability, complex dosage schedules and poor health literacy 

are just a few of the factors associated with adherence to antihypertensive medications in the general 

population. It is not known whether these factors also impact adherence to antihypertensive 

medication during pregnancy.  Health beliefs about the illness is another factor that can impact on 

adherence (58). During pregnancy, the fear of potential teratogenicity is often over-estimated and can 

also impact on adherence (59).  

The beliefs, experiences, attitudes and behaviours of women who are prescribed antihypertensive 

medications to help control their BP during pregnancy have not been previously explored in depth.   

1.8 Overview of the research  

1.8.1 Aims and objectives 

This research aimed to provide an understanding of management of hypertensive disorders of 

pregnancy and medication use during pregnancy.  

The specific objectives were to:  

i. provide an understanding of the management of hypertension in the Australian context. This 

involved investigating compliance to Australian guidelines, specifically: 

a. thresholds for initiation of antihypertensive therapy; 

b. appropriateness of medication regimens; and 

c. use of aspirin in women with known risk factors for development of pre-eclampsia. 

ii. estimate the rate of non-adherence to antihypertensives during pregnancy; 

iii. understand the women’s perspectives on adherence to medication and management of their 

hypertensive disorder of pregnancy; and 

   iv. contextualise the women’s perspectives via documentation of management and outcomes. 

 

1.8.2 Project scope 

The research was conducted in two main phases, with the second phase comprising three sub-

phases, each with specific objectives, as illustrated in Figure 1.1. The details of each phase are 

further discussed below and in Chapters 3 to 7. 
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Phase 1 Retrospective cohort study  

To provide an understanding of the management of hypertension in the Australian context. 

Phase 2 Prospective cohort study 

To contextualise the women’s perspectives via documentation of management and outcomes. 

Phase 2b Prospective cohort study - questionnaire 

To estimate the rate of non-adherence to antihypertensives during pregnancy. 

Phase 2c Prospective cohort study - in-depth interviews 

To understand the women’s perspectives on adherence to medication and management of their 

hypertensive disorder of pregnancy.  

Figure 1.1 Project Scope  

 

 

 

Phase 1: Retrospective 
cohort study

(n=516)

Phase 2: Prospective cohort study

(n=100)

Phase 2b 
Questionnaire

(n=98)

Phase 2c In-depth 
interviews

(n=27)
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1.8.3 Overview of thesis structure 

 

This thesis by publication is presented in 8 chapters. Chapter 1 provides a general overview of the 

thesis and includes the research aims and objectives. Chapter 2 provides a detailed background to the 

research and a review of the current literature around the management of hypertensive disorders of 

pregnancy; adverse outcomes of HDP on mother and baby; safety of antihypertensive medication 

during pregnancy and use of antihypertensive medications during pregnancy. The subsequent chapters 

(3, 4, 5, 6 and 7) present the two phases of the research in detail. Chapter 3 presents the findings of 

the retrospective cohort study, including a manuscript published in the Australian and New Zealand 

Journal of Obstetrics and Gynaecology. Chapter 4 presents the findings of a questionnaire, which 

included an adherence scale, from the prospective cohort. This chapter includes a manuscript that is 

published in Pregnancy Hypertension: An International Journal of Women’s Cardiovascular Health. 

Chapter 5 presents the qualitative findings relating to the use and adherence of antihypertensive 

medication during pregnancy. This chapter includes a manuscript that is published in SAGE Open 

Medicine. Chapter 6 presents the qualitative findings relating to the women’s perspectives of the 

management of HDP. This chapter includes the manuscript that is published in BMC Health Services 

Research. Chapter 7 presents the findings of the prospective cohort regarding the hospital’s 

management of HDP. This chapter includes a manuscript has been revised and resubmitted to 

Obstetric Medicine. Chapter 8 summarises and discusses the overall findings of the research. This 

chapter also presents recommendations to practitioners and researchers, discusses strengths and 

limitations of the studies, and proposes future research directions and implications for clinical 

practice. 
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CHAPTER 2  

LITERATURE REVIEW 
 

2.1 Introduction 
 

As outlined in Chapter 1, the research in this thesis focuses on understanding the management of 

hypertensive disorders of pregnancy (HDP) and medication use. The purpose of this chapter is to 

provide a general overview to facilitate the understanding of the nature of HDP and their 

management, and to summarise the literature from previous studies regarding optimisation of 

management. The use of medication in general by pregnant women is also examined. The review 

begins with a snapshot of the epidemiology of HDP globally and in Australia (Section 2.2). In 

Section 2.3, the definition and classification of HDP are presented, with a comparison across national 

and international guidelines, leading to Section 2.4, examining various aspects of the clinical 

management of HDP across different countries, with an illustration of how management has evolved 

over the last decade. Adverse outcomes of HDP are discussed in Section 2.5, including those of 

pregnancy and delivery, perinatal complications and long-term adverse outcomes for both the mother 

and the offspring. Section 2.6 provides a review of the safety of antihypertensive medications during 

pregnancy and Section 2.7 outlines the use of antihypertensives during pregnancy.  

2.2 Epidemiology of hypertensive disorders of pregnancy globally and in 

Australia 
 

HDP complicate approximately 10% of all pregnancies in Australia (6) a rate that is similar to high 

income countries internationally (60) . Combined, they are the second largest cause of maternal death, 

after haemorrhage, in the developed world (7). In a report from the Australian Institute of Health and 

Welfare (AIHW) about maternal deaths, HDP was the third largest cause of direct maternal death in 

Australia, after thromboembolism and haemorrhage (61).  Thus, there is substantial interest in 

understanding this complication in the obstetric literature.  

Wang et al. conducted a population-based study focusing on epidemiological profiles of HDP from 

global data to determine the trends of HDP from 1990 to 2019 and its global incidence (60). The 

authors reported a decrease in death and incidence rates in most countries and regions of world, 

except for those with low sociodemographic human development indexes (60). Several other 

epidemiological studies have determined the prevalence of HDP globally, in various countries/regions 

of the world (62-64). Slight variation in the estimates of HDP prevalence between regions is evident 

when reviewing these studies. Gemechu et al. performed a systematic review and meta-analysis of 
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epidemiological studies relating to the prevalence of HDP in Sub-Saharan Africa (62). An overall 

prevalence of 8% was determined from 70 studies (62). Li et al. conducted a systematic review and 

meta-analysis examining the prevalence of HDP in China (63). A combined prevalence of 7.3% from 

92 studies was determined (63). Olie et al. performed a prospective cohort study using the French 

National Health Insurance System to determine the prevalence of HDP in France and found a 7.4% 

prevalence (64).  

Roberts et al. were the first to describe the prevalence of HDP in Australia and link them to maternal 

and infant outcomes in 2005 (65). The authors reported that of the 24,517 studied women, HDP 

affected 9.8% of pregnancies with the breakdown being chronic hypertension 0.6%, pre-eclampsia 

4.2%, pre-eclampsia superimposed on chronic hypertension 0.3% and gestational hypertension 4.3% 

(65) (These HDP subtypes are discussed further in S 2.3.). As this study was a cross-sectional using 

linked population databases, information about clinical management was not available for discussion. 

Thornton et al. studied the prevalence of pre-eclampsia and eclampsia in New South Wales, Australia 

between the years 2000 and 2008 via a population-based surveillance system named the NSW 

Midwives Data Collection (66). The authors reported an overall rate of pre-eclampsia of 3.3% of 

singleton births (22,827 cases from 691,738 births) (66). HDP prevalence estimates may also differ 

when different definitions of HDP are used. These definitions are discussed further in S 2.3. There has 

been a paucity of population-based studies investigating the prevalence of HDP in Australia after 

Roberts et al. (65) and Thornton et al. (66). Moreover, there were no similar population-based systems 

in Victoria at the time of the initiation of this PhD project.   

2.3 Definition and classification of hypertensive disorders of pregnancy 
 

2.3.1 Definition of hypertensive disorders of pregnancy  

 

An insight into the changes in blood pressure (BP) of normotensive pregnant women is crucial to the 

understanding of the diagnosis and classification of HDP. BP usually decreases in early pregnancy 

and reaches its lowest point during the early part of the second trimester when the diastolic BP is, on 

average, 15mmHg lower than the pre-pregnancy value (6, 12). BP then rises during the third trimester 

and reaches pre-pregnancy levels by term (6, 12). A recent systematic review and meta-analysis of BP 

and heart rate in normal pregnancies reported that, although diastolic BP is the lowest mid-pregnancy, 

it does not decrease as substantially as previously thought (67). The substantial decrease of BP, 

however, currently remains the stance of international and national guidelines (6, 68). 

In Australia, the clinical guidelines of the Society of Obstetric Medicine of Australia and New 

Zealand (SOMANZ) (6) guide the definition, classification and management of HDP. Internationally, 

there are four main recognised clinical guidelines for HDP; namely from the International Society for 
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the Study of Hypertension during Pregnancy (ISSHP) (68), the National Institute for Health and Care 

Excellence (NICE) (69) from the UK, the American College of Obstetricians and Gynecologists 

(ACOG) from the USA (70,71) and the Society of Obstetricians and Gynaecologists of Canada 

(SOGC) (72). There are similarities and differences among the various guidelines when it comes to 

the definition of HDP (summarised in Table 2.1). There have been some changes to the definition of 

HDP over the last decade, which are also detailed in Table 2.1. The levels chosen are consistent with 

the diagnosis of mild hypertension in the general adult Australian (73) and British (74) populations, 

but not the Canadian (75) and American (76) populations as shown in Table 2.1. Although lowering 

of the BP threshold for diagnosis of hypertension may increase the prevalence of HDP and potentially 

identify more women at risk of pre-eclampsia, further research is needed before changing this level, as 

a lower target BP has a risk of poor placental perfusion (6, 77). 

 

Table 2.1: Definitions of HDP: comparison of different guidelines and changes over time   

Guideline Definition of 

hypertension 

Definition of mild 

hypertension in 

current national 
guidelines for general 

adult population  

Definition of severe 

hypertension  

SOMANZ 
2008(78) 
 
 
 
2014(6) 

 
SBP ≥ 140 mmHg 
and/or 
DBP ≥ 90 mmHg 
 
SBP ≥ 140 mmHg 
and/or 
DBP ≥ 90 mmHg 
 

 
 
 
 
 
SBP ≥ 140 mmHg 
and/or 
DBP ≥ 90 mmHg(66)  
 

 
SBP ≥ 170 mmHg 
and/or 
DBP ≥ 110 mmHg 
 
SBP ≥ 170 mmHg 
and/or 
DBP ≥ 110 mmHg 
 

ISSHP 
2001(79)  
 
 
 
2018(68)  

 
SBP ≥ 140 mmHg 
and/or 
DBP ≥ 90 mmHg 
 
SBP ≥ 140 mmHg 
and/or 
DBP ≥ 90 mmHg 
 

  
SBP ≥ 170 mmHg 
and/or 
DBP ≥ 110 mmHg 
 
SBP ≥ 160 mmHg 
and/or 
DBP ≥ 110 mmHg 
 

NICE 
2010 (80) 

 
 
 
2019(69) 

 
SBP ≥ 140 mmHg 
and/or 
DBP ≥ 90 mmHg 
 
SBP ≥ 140 mmHg 
and/or 
DBP ≥ 90 mmHg 
 
 

 
 
 
 
 
SBP ≥ 140 mmHg 
and/or 
DBP ≥ 90 mmHg(67) 

 
SBP ≥ 160 mmHg 
and/or 
DBP ≥ 110 mmHg 
 
SBP ≥ 160 mmHg 
and/or 
DBP ≥ 110 mmHg 
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Guideline Definition of 
hypertension 

Definition of mild 
hypertension in 

current national 

guidelines for general 

adult population  

Definition of severe 
hypertension  

SOGC 
2008(81) 

 
 
 
2014(72) 

 
SBP ≥ 140 mmHg 
and/or 
DBP ≥ 90 mmHg 
 
SBP ≥ 140 mmHg 
and/or 
DBP ≥ 90 mmHg 
 

 
 
 
 
 
SBP>135 mmHg or 
DBP >85 mmHg(68) 

 
SBP ≥ 160 mmHg 
and/or 
DBP ≥ 105 mmHg 
 
SBP ≥ 160 mmHg 
and/or 
DBP ≥ 110 mmHg 
 

ACOG 
2000(82) 
 
 
 
2019(70,71,83)  

 
SBP ≥ 140 mmHg 
and/or 
DBP ≥ 90 mmHg 
 
SBP ≥ 140 mmHg 
and/or 
DBP ≥ 90 mmHg 
 

 
 
 
 
 
SBP130–139 mmHg  
DBP 80–89 mmHg(69) 

 
SBP ≥ 160 mmHg 
and/or 
DBP ≥ 105 mmHg 
 
SBP ≥ 160 mmHg 
and/or 
DBP ≥ 110 mmHg 
 

SBP: systolic blood pressure 

DBP: diastolic blood pressure 

 

Although the current SOMANZ guideline (6) still defines severe hypertension as SBP greater than or 

equal to 170 mmHg and/or DBP greater than or equal to 110 mmHg, they do recommend 

antihypertensive treatment for all pregnant women with BP greater than or equal to 160 mmHg SBP 

or 110 mmHg DBP. They also emphasise that severe hypertension requires urgent treatment and 

represents a level of BP above which the risk of maternal morbidity and mortality is increased (6). 

2.3.2 Classification of hypertensive disorders of pregnancy  

 

As mentioned in Chapter 1, there are two broad categories of HDP: those that are chronic and existed 

pre-pregnancy and those that are pregnancy-induced, known as gestational. The classification of the 

HDP reflects the pathophysiology of the condition as well as the risks it poses for the mother and the 

fetus (6). The standard classification of these disorders was first done by Davey and MacGillivray in 

1988 (84). The current classification of HDP is generally agreed upon amongst national and 

international clinical guidelines. The only classification where there are some differences are in the 

diagnosis of pre-eclampsia (this is explained later in this sub-section, pp 18-25). For the research 

described in this thesis, the classifications, definitions and sub-types of the SOMANZ clinical 

guidelines (6) were used in the inclusion criteria and analysis of the study cases. The classification 

endorsed by the International Society for the Study of Hypertension in Pregnancy (ISSHP) in their 
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revised statement in 2014 (85) is the same categorisation adopted by SOMANZ in the Australian 

clinical setting (6). 

The classification of the sub-types of HDP is as follows: 

• Chronic hypertension 

➢ Essential 

➢ Secondary 

➢ White coat 

• Gestational hypertension 

➢ Gestational hypertension 

• Pre-eclampsia 

➢ Pre-eclampsia 

➢ Pre-eclampsia superimposed on chronic hypertension 

➢ Haemolysis, elevated liver enzymes and low platelet syndrome (HELLP) 

➢ Eclampsia 

 

2.3.2.1 Chronic Hypertension  

 

Essential chronic hypertension is defined as (6): 

➢ the presence of hypertension before 20 weeks of gestation 

➢ without a known cause 

➢ without the clinical features of pre-eclampsia. 

Secondary chronic hypertension is defined as (6): 

➢ the presence of hypertension before 20 weeks of gestation 

➢ with a known cause 

➢ without the clinical features of pre-eclampsia. 

Chronic hypertension is thus a hypertensive disorder that can exist pre-pregnancy. In the past, it was 

known that women tended to have lower BP than men and progress to hypertension later in life, often 

bypassing the child bearing years (86). More recently, the incidence of metabolic syndrome and 

obesity in women of childbearing age in the developed world has been steadily increasing, thus 

increasing the prevalence of essential hypertension (6, 87). Moreover, the trend of childbearing at an 

older age also contributes to the increased incidence of chronic hypertension during pregnancy (6, 

87). A study by Ananth et al. (88) investigated the change in prevalence of chronic hypertension in 

pregnancy from 1970 to 2010 via a population-based cross-sectional analysis of 151 million women 
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with delivery-related hospitalisations in the USA in that time period. The rate of chronic hypertension 

was found to have increased sharply with advancing age of pregnancy from 0.11% in 1970 to 1.52% 

in 2010 (rate ratio, 13.41; 95% CI, 13.22-13.61) (88). Although similar studies have not been 

conducted in Australia, it can be assumed that this sharp increase would also be seen in a similar 

developed country. It is estimated that chronic hypertension accounts for about 1-2% of the overall 

cases of HDP (6, 87).  

Decrease in BP in early pregnancy, as described in the normotensive mother, also occurs in women 

with chronic hypertension (89, 90). This can result in the pregnant mother mistakenly misdiagnosed 

with gestational hypertension when the BP begins to increase again after 20 weeks gestation (89, 90). 

It is thus important to monitor the BP of pregnant women from the beginning of pregnancy and, if 

possible, BP readings should be obtained before pregnancy. 

Secondary hypertension accounts for approximately 11.2% of total chronic hypertension in pregnancy 

cases (91). The most common cause of secondary hypertension is chronic kidney disorder (91). Other 

causes include aldosteronism, renovascular hypertension, Cushing’s syndrome, pheochromocytoma, 

thyroid disease (which occurs in 4.1 % of pregnant women with chronic hypertension), systemic lupus 

erythematosus, scleroderma, connective tissue diseases, maternal coarctation of the aorta and 

congenital heart disease (91, 92). Pregnancies affected by a secondary cause of hypertension can pose 

unique maternal and fetal risks and even maternal deaths (92). It is therefore important for these 

disorders to be diagnosed pre-conception to allow early optimal management of the disease (91). 

White coat hypertension (WCH) during pregnancy is classified as chronic hypertension and is defined 

by the ISSHP (68) as an elevated clinic BP (≥140/90 mmHg) but a normal BP measured at home or 

work and is similar to WCH outside pregnancy (93). An estimated 1 in 4 patients in the general adult 

population have WCH, however, the incidence in pregnancy has been inconsistently reported in the 

literature (68), ranging from  4% (87, 88) to 30% (96, 97). The ISSHP considers ambulatory BP 

monitoring or self-monitoring of BP (SMBP) mandatory in pregnant women with WCH (68). A 

recent meta-analysis and systematic review of maternal and perinatal outcomes of white coat 

hypertension during pregnancy found that WCH is associated with a worse perinatal and maternal 

outcomes than for those who were normotensive, but better outcomes than for those with gestational 

hypertension and chronic hypertension (93). The authors therefore concluded that a diagnosis of 

WCH should be ascertained in pregnant women presenting with hypertension and should not be 

dismissed as insignificant (93). Similarly, the ISSHP notes that WCH is not a benign condition and 

carries a higher risk of pre-eclampsia (68). Moreover, when the diagnosis is confirmed, these women 

require monitoring for developing pre-eclampsia, small-for-gestational-age and pre-term birth just like 

other women with HDP (68). 
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ISSHP alone has an added classification known as masked hypertension. This is defined as BP that is 

normal at a clinic visit but elevated at other times, most typically diagnosed by 24-hour ambulatory 

BP monitoring (68).   

 

2.3.2.2 Gestational Hypertension 

 

Gestational hypertension is defined as (6): 

➢ the new onset of hypertension after 20 weeks gestation 

➢ without maternal or fetal features of pre-eclampsia 

➢ followed by the return of BP to normal within three months post-partum. 

Gestational hypertension complicates more hypertensive pregnancies than chronic hypertension and 

pre-eclampsia. Current estimates of the prevalence of gestational hypertension are not clear and are 

often grouped with pre-eclampsia. Together, these disorders represent the remaining 7% of the 10% 

of pregnant women affected by hypertension (77, 98). 

The earlier the stage of gestation at presentation, or the more severe the hypertension, the higher the 

risk of developing pre-eclampsia (77, 99). Saudan et al. also found that approximately 15-25% of 

pregnant women with gestational hypertension progressed to pre-eclampsia. This was found to be 

more likely when the hypertension appeared before 34 weeks gestation and if there had been a prior 

miscarriage (99).  

 

2.3.2.3 Pre-eclampsia 

 

Pre-eclampsia alone is estimated to account for at least 42,000 maternal deaths annually worldwide 

(100). The current definition of pre-eclampsia in the aforementioned guidelines is ‘a multi-system 

disorder of pregnancy characterised by gestational hypertension and the involvement of one or more 

organs and/or the fetus’ (6, 78). Recent advances in pre-eclampsia research, particularly the 

involvement of the placenta and placental factors has led some experts in the field to modify this 

definition to: ‘Pre-eclampsia is a multisystem pregnancy disorder characterised by variable degrees of 

placental malperfusion, with release of soluble factors into the circulation’ (101). 

Pre-eclampsia (previously referred to as toxaemia of pregnancy) has been documented for almost 200 

years whilst eclampsia, which involves seizures and potential coma, has reportedly been documented 

for 2,400 years (102). Despite this, the pathophysiology remains poorly understood, limiting 

therapeutic interventions. In recent years, however, there have been some advances in research into 
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the pathophysiology, potential therapies and screening tools (these are also discussed later in this 

section, pp 22-23 and S 2.4). 

The epidemiological studies mentioned in S 2.2 reported the combined prevalence of HDP, as this 

was relevant to the study population of this thesis. This type of reporting, however, is not 

commonplace in the HDP literature, as noted in a review by Umesawa et al. (103). Instead, most 

epidemiological studies focus on one subtype of HDP or another, the most common being pre-

eclampsia. Auger et al. conducted a large population-based longitudinal study to investigate the 

incidence of pre-eclampsia over 24 years in Canada (104). They reported an increase in the incidence 

of pre-eclampsia from 2.64% in 1989 to 5.06% in 2012 with no increase in adverse maternal 

outcomes over time (104). The authors related this increase in incidence to the global rise of obesity 

and other metabolic disorders (104). Another explanation for this increase may be the significant 

broadening of the definition of pre-eclampsia from 1989 to 2012 (105).  

Following the classification of HDP by Davey and MacGillivray, the presence of new onset of 

proteinuria was mandatory for the diagnosis of pre-eclampsia (84). Although a new onset of 

proteinuria during pregnancy is frequently associated with the diagnosis of pre-eclampsia, it is no 

longer mandatory for the diagnosis (6, 78). As such, the diagnostic criteria for pre-eclampsia have 

evolved from the traditional definition of new onset hypertension and proteinuria to a broader 

definition of hypertension with evidence complex multi-organ system involvement caused by the 

disease (101, 106). This is in agreement with the ISSHP guideline that was updated just before the 

SOMANZ 2014 guideline was finalised (85). In light of this, the SOMANZ 2014 guidelines have 

devised more detailed diagnostic criteria for pre-eclampsia, as indicated in Table 2.2. The diagnosis of 

pre-eclampsia necessitates the presence of gestational hypertension with at least one other feature 

(Table 2.2). 

Table 2.2: Pre-eclampsia features necessary for diagnosis as per international guidelines  

Guideline  Mandatory 

GH 

Renal Haemato

-logical 

Liver Neuro

logical 

Pulmonary 

oedema 

 

Utero-

placental 

dysfunction 

Angiogenic 

markers 

SOMANZ 

2014(6) 

✓ ✓ ✓ ✓ ✓ ✓ ✓  

(FGR only) 

 

ISSHP 

2018(68) 

✓ ✓ ✓ ✓ ✓ ✓ ✓ (detailed) ✓ 

NICE 

2019(69) 

✓ ✓ ✓ ✓ ✓ ✓ ✓  

SGOC 

2014(72) 

✓ ✓ ✓ ✓ ✓ ✓ ✓  
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Guideline  Mandatory 

GH 

Renal Haemato

-logical 

Liver Neuro

logical 

Pulmonary 

oedema 

 

Utero-

placental 

dysfunction 

Angiogenic 

markers 

ACOG 

2019(70) 

✓ ✓ ✓ ✓ ✓ ✓ ✓  

 

GH = Gestational hypertension (new onset of hypertension after 20 weeks of gestation) 

FGR = Fetal growth restriction  

It is important to note that only SOMANZ 2014 considers FGR alone as defining pre-eclampsia in the 

presence of hypertension (6). ISSHP 2018 comments that controversy remains as to whether FGR in 

the context of new-onset gestational hypertension, without any other maternal feature of pre-

eclampsia, should define pre-eclampsia (68). Despite this, the ISSHP 2018 authors’ view was that this 

should apply given that pre-eclampsia is, most commonly, of itself a primary placental disorder (68). 

Furthermore, to address this controversy, the ISSHP, NICE and Canadian guidelines detailed other 

uteroplacental dysfunctions including: oligohydramnios, absent or reversed end-diastolic flow by 

Doppler velocimetry, placental abruption with evidence of maternal or fetal compromise, reverse 

ductus venosus A wave, and stillbirth (68, 69, 72). 

The ISSHP 2018 guideline provides the most detailed and broad definition for pre-eclampsia, which 

includes all of the maternal factors defined by SOMANZ with the addition of a more detailed 

definition of fetal growth restriction. This is defined according to the gestation scan which takes place 

from 35 to 36 weeks and 6 days as either estimated fetal weight 95th percentile, umbilical artery 

pulsatility index >95th percentile, or middle cerebral artery pulsatility index 95th percentile (68). The 

ISSHP is the only guideline that gives an angiogenic imbalance definition, defined as placental 

growth factor <5th percentile soluble fms-like tyrosine kinase-1- to serum placental growth factor 

>95th percentile (68). There remains, however, a controversy with regard to the implementation of 

broader definitions and the most appropriate definition of end-organ dysfunction (106). Reddy et al. 

performed a retrospective study of singleton pregnancies at a major hospital in Melbourne between 

January 1, 2016 and July 31, 2018 (106). All cases of gestational hypertension and pre-eclampsia 

were reclassified according to the ISSHP 2001, American College of Obstetricians and Gynecologists 

2018, and the ISSHP 2018 criteria. GH incidence was found to be the same amongst all three 

guidelines, as indicated by the unchanged definition as per Table 2.1. Of 22,094 pregnancies, 751 

(3.4%) women had PE as defined by any of the three criteria. Compared with ISSHP 2001, the ACOG 

2018 criteria identified an extra 42 women (n=654 vs n=696, 6.4% relative increase) with pre-

eclampsia, and ISSHP 2018 identified an extra 97 women (n=654 vs n=751, 14.8% relative increase) 

(106). The authors also found that women who exclusively fulfilled the ISSHP 2018 criteria had 

milder pre-eclampsia. This led them to conclude that although implementation of broader definitions 

of pre-eclampsia will result in an increased incidence of disease diagnosis, it remains uncertain 
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whether this will translate to improved clinical outcomes (106). Moreover, the use of a less broad 

definition of pre-eclampsia may result in an oversight of cases, which may in turn compromise the 

care of the pregnant women and her fetus.  

The pre-eclampsia definition that was used for the research in this thesis was that of the SOMANZ 

2008 guidelines. These guidelines dictated that pre-eclampsia is diagnosed when a new onset of 

hypertension arises after 20 weeks gestation and is accompanied by one or more of the following (78): 

Renal involvement 

Significant proteinuria: a spot urine protein/creatinine ratio ≥ 30mg/mmol  

Serum or plasma creatinine > 90 μmol/L  

Oliguria <80mL/4 hr  

Haematological involvement 

Thrombocytopenia <100,000 /µL  

Haemolysis: schistocytes or red cell fragments on blood film, raised bilirubin, raised lactate 

dehydrogenase >600mIU/L, decreased haptoglobin 

Disseminated intravascular coagulation  

Liver involvement 

Raised serum transaminases: alanine aminotransferase or aspartate aminotransferase >40 IU/L) (68) 

Severe epigastric and/or right upper quadrant pain 

Neurological involvement 

Convulsions (eclampsia) 

Hypereflexia with sustained clonus 

Persistent, new headache 

Persistent visual disturbances (photopsia, scotomata, cortical blindness, posterior reversible 

encephalopathy syndrome, retinal vasospasm) 

Stroke 

Pulmonary oedema 

Accumulation of fluid in the pulmonary interstitial spaces and alveoli 

Fetal growth restriction (FGR) < 10th centile  

 

Pre-eclampsia is generally recognised as a complication of first pregnancy (107) but can also occur in 

subsequent pregnancies (102, 108). As described above, pre-eclampsia can be diagnosed in many 

different ways, either after the pregnant woman has had severe epigastric pain, significant proteinuria, 

persistent new headache or seizure, to name a few. The symptoms are often sudden with little 
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introduction and although treatment for the progression of this disease has been highly sought, it has 

not yet been found (101).  

The risk for the development of pre-eclampsia in pregnant women with chronic hypertension is 

significant, estimated at around 25% (109, 110). Moreover, the rate of pre-eclampsia superimposed on 

chronic hypertension in pregnant women with severe hypertension is close to 50% (111).  

Pre-eclampsia is regarded as serious if severe hypertension is associated with proteinuria or if 

hypertension is combined with severe proteinuria of ≥ 5g per day (112). The maternal complications 

of severe pre-eclampsia include placental abruption (1-4%), acute renal failure (1-5%), eclampsia 

(<1%), disseminated coagulopathy (10-20%), liver failure or haemorrhage (<1%), stroke (rare) and 

death (rare) (108). Neonatal complications include premature delivery (15-67%), fetal growth 

restriction (10-25%), hypoxia leading to neurological injury (<1%) and perinatal death (1-2%) (108).  

Known risk factors for pre-eclampsia include (101, 102, 108, 113): 

• Chronic hypertension 

• Antiphospholipid antibody syndrome 

• Systemic lupus erythematosus 

• Pre-gestational diabetes 

• Chronic renal disease 

• Multifetal pregnancy 

• Pre-pregnancy BMI >30 

• Previous stillbirth 

• Nulliparity 

• Maternal age >40 years 

• Long inter-pregnancy interval (>5 years) 

• Reduced school education 

• Previous pre-eclampsia 

• Assisted reproduction 

• Previous intrauterine growth restriction (IUGR) 

• Previous placental abruption 

In recent years, understanding of the pathogenesis of pre-eclampsia has furthered research that is 

getting closer to potential treatments for pre-eclampsia. Figure 2.1 outlines the current understanding 

of the pathophysiology of pre-eclampsia as described by Chappell et al. who are experts in the field of 

pre-eclampsia and recently published an expert review (101).  
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Figure 2.1 Pathophysiology of pre-eclampsia (101) 

Reprinted from Pre-eclampsia, Chappell L, Cluver C, Kingdom J, Tong S The Lancet 2021 Jul 

24;398(10297):341-354. doi: 10.1016/S0140-6736(20)32335-7, Copyright (2021), with permission 

from Elsevier. 

In summary, the current understanding is that pre-eclampsia is a disorder of pregnancy characterised 

by variable degrees of placental malperfusion, with release of soluble factors such as proinflammatory 

cytokines, exosomes (114) and extracellular vesicles (115); and anti-angiogenic molecules such as 

soluble fms-like tyrosine kinase-1 (sFlt1), placental growth factor (PlGF) and soluble endoglin (116) 

into the circulation. These placental factors cause maternal vascular endothelial injury, leading to 

hypertension and multi-organ injury. The placental disease can also cause fetal growth restriction and 
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perinatal death (101). Furthermore, several reports have shown that the angiogenic and antiangiogenic 

factors that are involved in the pathogenesis have possible relevance in the diagnosis and prognosis of 

pre-eclampsia (117). The main placental factors of interest are FMS-like tyrosine kinase receptor-1 

(sFlt1), an antagonist of vascular endothelial growth factor, and placental growth factor (PlGF). The 

test is based on a ratio of these factors whereby an increased serum level of sFlt-1 and decreased level 

of PlGF result in an increased sFlt1/PlGF ratio. This measure can detect the progression to not only 

pre-eclampsia, but also to IUGR and stillbirth. This can be detected using a blood test in the second 

half of pregnancy (117). Disturbances in these angiogenic factors have been reported to be detectable 

prior to the onset of clinical symptoms of pre-eclampsia or IUGR, thereby allowing distinction of 

women with healthy pregnancies from those at high risk for primarily developing pre-eclampsia 

(117).  

Although this pathophysiology is generally agreed upon, there is currently a debate around the 

aetiology of pre-eclampsia in the obstetric literature. Murthi and Brennecke (118) report that, when 

the placenta releases the aforementioned factors, this causes injury to other organs and is thus the 

villain. On the other hand, Thilaganathan et al. argue that the placenta is a victim of maternal 

cardiovascular dysfunction, citing abundant evidence from peripheral waveform analysis (uterine, 

radial and ophthalmic artery Doppler), maternal echocardiography, and angiogenic marker studies that 

maternal cardiovascular dysfunction precedes the development of pre-eclampsia by several weeks to 

months (119, 120). Further research is required to prove or disprove these theories. If, however, the 

theory that maternal cardiovascular dysfunction is the source of pre-eclampsia aetiology, then routine 

cardiovascular screening of women at high risk of developing pre-eclampsia may assist in identifying 

the disease early and, if the cardiovascular dysfunction is modifiable, it may also alter the outcome of 

the disease.  

HELLP is a serious manifestation of pre-eclampsia and is not regarded as a separate disease (6, 68). 

Lisonkova et al. performed a retrospective population-based cohort study investigating the incidence 

of HELLP syndrome in Canada. ICD-10-CA diagnostic code from delivery hospitalisation data was 

used for mothers with a singleton hospital live birth or stillbirth at ≥24 weeks’ gestation (n=1,078 

323) 2012/2013–2015/2016 (121). They reported an incidence of 2.5 per 1,000 singleton deliveries 

and that HELLP syndrome was associated with a higher maternal death rate, and substantially higher 

severe maternal and neonatal morbidity and perinatal mortality compared to any other subtype of 

HDP (121). 

Eclampsia is a rare but serious manifestation of HDP where seizures occur during a woman's 

pregnancy or shortly after giving birth (6). Classically, headache, visual disturbance or an altered level 

of consciousness are considered the symptoms of imminent eclampsia; however, there are no reliable 

clinical markers that predict eclampsia and, conversely, the presence of neurological symptoms and/or 



 

25 
 

signs is rarely associated with seizures (6). Seizures may occur antenatally, intra-partum or 

postnatally, usually within 24 hours of delivery but occasionally later (6). Fishel and Sibai report the 

incidence of eclampsia as 1.6 to 10 per 10,000 deliveries in developed countries and 50 to 151 per 

10,000 deliveries in developing countries (122). They relate this discrepancy to differences in 

antenatal care and timing of delivery between developed and developing countries (122).  Pollock et 

al. conducted a two-year population-based descriptive study investigating the incidence of eclampsia 

in Australia and New Zealand in 2010-2011 (123). One hundred and thirty-six women were found to 

have had eclampsia, 111 (83%) in Australia and the remaining 25 (17%) in New Zealand. The 

estimated incidence of eclampsia was 2.2 (95% confidence interval (CI) 1.9-2.7) per 10,000 women 

giving birth, with an over-representation amongst Aboriginal and Torres Strait Islander people in 

Australia (123).  

2.4 Management of hypertensive disorders of pregnancy  
 

The main facets of management of HDP are BP control, prevention and management of pre-eclampsia 

(and thus eclampsia), fetal monitoring and the timing of delivery (1). The management of HDP varies 

according to the classification of the hypertensive disorder as well as the severity of the disease. 

Unlike gestational diabetes, which is often managed by the obstetrician and/or an endocrinologist 

(124), HDP is usually managed by the obstetrician without cardiologist input. This can potentially 

result in a wide variation of treatment modalities, often based on the clinical experience of individual 

obstetricians with an interest in the treatment of HDP, the involvement or lack thereof of an obstetric 

physician with an interest in the treatment of HDP, as well as evidence from the medical literature. 

There are, however, five main internationally recognised management guidelines often referred to in 

the literature, as mentioned in S 2.3.  

2.4.1 Blood pressure control in pregnancy 

 

Monitoring of BP is the cornerstone of BP control during pregnancy. This monitoring can occur at the 

hospital and also at home via increasing encouragement of SMBP. The use of antihypertensive 

medication is also important in many cases of HDP. As mentioned in S 2.3, hypertension can be 

considered as either severe or mild-moderate. The most commonly used antihypertensive medications 

during pregnancy are: labetalol, methyldopa and nifedipine (6). IV hydralazine and IV labetalol are 

reserved for severe hypertension (6).  
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2.4.1.1 Blood pressure monitoring during pregnancy 

 

In Australia, BP is measured and recorded for every pregnant woman at each antenatal visit regardless 

of whether a diagnosis of HDP has been made. This regular measurement of BP during pregnancy is 

essential for the diagnosis and management of hypertension. Australian hospitals with maternity 

services also have pregnancy day assessment units, where the BP is checked every half an hour over a 

4-hour period to assess worsening BP or to confirm diagnosis of gestational hypertension and avoid 

potentially unnecessary hospitalisation (6, 125). These units are staffed by midwives with an obstetric 

registrar on call if a medical intervention is required (126). The diagnosis of gestational hypertension 

is often confirmed or negated in this scenario. It is also where many women are initiated on 

antihypertensive treatment for HDP. 

The incremental increase in plasma volume during a normal pregnancy is well documented (127); 

thus, the recommended method of measuring BP in pregnant women is quite specific. The SOMANZ 

guidelines recommended that (6, 78): 

• Pregnant woman should be seated comfortably with her legs resting on a flat surface 

• Measurement of BP from both arms should be undertaken at the initial antenatal visit to 

exclude any rare vascular abnormalities such as aortic coarctation, subclavian stenosis and aortic 

dissection. BP should be measured at subsequent visits using the right arm if there is little difference 

in BP between the two limbs (a variation of up to 10mmHg is acceptable) 

• Correct cuff size is necessary for the accurate measurement of BP and to minimise the over-

diagnosis of hypertension 

The use of SMBP during pregnancy was first described in 1989 by Margulies et al. (128). They 

documented that the variation in the pattern of BP between the waking and sleeping values in 11 

normotensive women in the third trimester of pregnancy was similar to that of the non-pregnant 

population. This prompted further research into the use of SMBP for the detection and management of 

hypertension during pregnancy. The BUMP study surveyed 5,555 pregnant women from antenatal 

clinics in 16 hospitals in England and found that nearly half of the 389 hypertensive women reported 

the use of SMBP, and that the majority of them (79%) shared their BP readings with their treating 

doctor (129). The same author group also conducted the OPTIMUM-BP trial in 2019, an unmasked 

randomised controlled trial comparing SMBP intervention versus usual care for the management of 

HDP. A total of 86 women with chronic hypertension and 72 with GH from four UK centres were 

randomised (2:1) to intervention (SMBP) and control (usual care) (130). The authors reported that 

participants persisted with the intervention for 80% or more of their time from enrolment until 

delivery, with 86% (43/50) and 76% (38/49) of those having chronic and gestational hypertension, 
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respectively. They concluded that a larger randomised control trial would be essential (130) to make 

the place of self-monitoring in pregnancy clearer (129). 

2.4.1.2 Severe Hypertension 

 

All five guidelines (6,68-71, 75) are of the same view regarding the treatment of severe hypertension, 

stating that a BP level of this magnitude is considered a medical emergency and that BP needs to be 

lowered urgently, albeit carefully, to prevent cerebral haemorrhage and hypertensive encephalopathy. 

Steer et al. (131) reported that both low and high BP during pregnancy are associated with low birth 

weight and increased perinatal mortality; thus care should also be taken to avoid maternal hypotension 

and potential under perfusion of the placenta (6). Additionally, fetal heart rate monitoring is crucial 

whilst the mother is on treatment to lower severe BP, as maternal hypotension is associated with 

reduced fetal heart rate (6). 

The guidelines, however, do differ in the definition of severe hypertension, especially the cut-off for 

systolic BP, as shown in Table 2.1. Moreover, target BP levels whilst on antihypertensives for severe 

hypertension are only mentioned in the Canadian (72) and American (83) guidelines. This 

inconsistency with international guidelines was the subject of a recent systematic review by Scott et 

al. who concluded that clinical recommendations should be consistent and inconsistencies including 

definitions of pre-eclampsia severity, biomarkers for prediction or time-of-disease assessment, and 

normalisation of blood pressure when mild to moderately elevated should be the focus of future 

research (132).  

Another difference in recommendations is which antihypertensive agent to use as first line in severe 

hypertension. Table 2.3 summarises the slight differences in these recommendations.   

Table 2.3: Comparison of first line antihypertensive agents for treatment of severe 

hypertension  

Guideline  First line antihypertensive  

SOMANZ 2014(6) The most important consideration in choice of antihypertensive agent 

is that the treating unit has experience and familiarity with that agent. 

ISSHP 2018(68) IV hydralazine, IV labetalol or oral nifedipine  

NICE 2019(69) IV hydralazine, IV labetalol, oral nifedipine or oral labetalol  

SOGC 2014(72) IV hydralazine, IV labetalol or oral nifedipine  

ACOG 2019(83) IV hydralazine, IV labetalol or oral nifedipine  

  

Other antihypertensive agents that have been used for the treatment of severe hypertension include 

diazoxide and glyceryl trinitrate (6, 19, 133). Sridharan and Sequeira conducted a network meta-

analysis and trial sequential analysis of randomised clinical trials involving medications for treating 
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severe hypertension in pregnancy (133). They confirmed that nifedipine, hydralazine and labetalol 

have similar efficacy in the treatment of severe hypertension in pregnancy and that there is 

insufficient evidence for other medications (133). 

2.4.1.3 Mild to moderate hypertension 

 

The management of mild to moderate hypertension is an ongoing debate in the obstetric literature (134, 

135). The main arguments in this debate are that, although antihypertensive medications may decrease 

the impact of elevated maternal BP on fetal and maternal outcomes, the medications themselves may 

impair fetal growth and perinatal health outcomes (134). The Chronic Hypertension and Pregnancy 

(CHAP) Project is an open-label randomised clinical trial (ClinicalTrials.gov Identifier: NCT02299414)  

which is currently recruiting to address this debate for women with mild chronic hypertension (130). 

CHAP has the primary aim to evaluate the benefits and harms of pharmacologic treatment of mild 

chronic hypertension in pregnancy (87). It is hoped that this trial will provide much needed evidence 

for this clinical debate.  

For women with mild gestational hypertension or pre-eclampsia, the SOMANZ, ISSHP, NICE and 

SOGC guidelines recommend antihypertensive treatment when BP is ≥140/90 (6, 68, 69, 72). The 

ACOG guideline, however, only recommends antihypertensive treatment when the BP is severe 

(defined as SBP ≥ 160mmHg and/or DBP ≥ 110 mmHg as per ACOG) (70).  

There is also controversy surrounding the target BP in women with mild gestational or chronic 

hypertension when treated with antihypertensives. El Guindy et al. evaluated the effects of tight versus 

a less tight control of mild hypertension during pregnancy (137). The goal of antihypertensive treatment 

in the ‘less tight’ group was a target BP of 130-139mmHg systolic and 80-89mmHg diastolic. The 

‘tight’ group had a target BP of <130mmHg systolic and <80mmHg diastolic. The trial results suggest 

that tighter control of BP reduces antenatal hospitalisation without adversely affecting perinatal 

outcomes (137). The results are limited by the relatively small sample size (n=125) and the fact that 

only one antihypertensive agent, methyldopa, was used. 

In an attempt to formally address this issue, the CHIPS (Control of Hypertension In Pregnancy Study) 

protocol and study group was instigated in 2007 (138) with the trial concluded in 2015 (13). CHIPS 

was an open, international, multicentre trial involving women at 14 weeks 0 days to 33 weeks 6 days 

of gestation who had non-proteinuric chronic or gestational hypertension, office diastolic BP of 90 to 

105 mmHg and a live fetus. Women were randomly assigned to ‘less-tight’ control (target diastolic 

BP, 100 mmHg) or tight control (target diastolic BP, 85 mmHg). The composite primary outcome was 

pregnancy loss or high-level neonatal care for more than 48 hours during the first 28 postnatal days. 

The secondary outcome was serious maternal complications occurring up to 6 weeks postpartum or 

until hospital discharge, whichever was later (13). This trial was expected to inform this debate, but it 
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found no significant differences in adverse outcomes between ‘less-tight’ versus ‘tight’ control of 

hypertension. A higher incidence of severe hypertension, however, was observed in the less-tight 

group (13). Thus, the debate continues and the decision to treat mild to moderate BP remains with the 

clinician and their discretion. 

Table 2.4 summarises the most commonly used first line antihypertensive medications during 

pregnancy, both in Australia and internationally. 

Table 2.4: First line antihypertensive medication 

Guideline Labetalol Methyldopa Nifedipine Oxprenolol  ̂

SOMANZ 2014(6) ✓ ✓  ✓ 

ISSHP 2018(68) ✓ ✓ ✓ ✓ 

NICE 2019*(69) ✓    

SOGC 2014 (72) ✓ ✓ ✓  

ACOG 2019(70) ✓  ✓  

*Nifedipine is recommended as the second choice, followed by methyldopa.  

 ̂Oxprenolol has now been discontinued 

Other antihypertensives used as second or third line include prazosin, clonidine and hydralazine (6, 

19) (the safety of these agents is discussed in S 2.6.). A Cochrane review in 2018 found that labetalol, 

oxprenolol and nifedipine appear to be more effective than methyldopa for preventing severe 

hypertension (19). 

Abalos et al. have performed successive Cochrane systematic reviews of randomised control trials 

investigating the effectiveness of antihypertensive use in mild to moderate hypertension since 2001 

(139). Subsequent reviews were performed in 2007, 2014 and 2018 (19, 139, 141). The most recent 

review was inconclusive regarding the benefits of treatment of mild-moderate hypertension during 

pregnancy, confirming that treatment of mild-moderate hypertension does not influence progression 

to pre-eclampsia (19). Thus, the treatment threshold for mild-moderate hypertension remains in 

contention and is dictated by the choice of the treating clinician. The review, however, found that 

labetalol, oxprenolol and nifedipine appear to be more effective than methyldopa for preventing 

severe hypertension (19). 

The adverse drug reactions and precautions/contraindications that are applicable to the general 

population are also taken into consideration when prescribing antihypertensives during pregnancy. 

The common adverse drug reactions as well as precautions and contraindications that are relevant to 

pregnancy and HDP are summarised in Table 2.5.  
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Table 2.5 : Considerations for selecting antihypertensives during pregnancy (adapted 

from 6, 142) 

Antihypertensive  Dosage Common adverse 

reactions  

Precautions and 

contraindications 

Labetalol 100-400mg every 8 

hours  
 

Postural hypotension, 

dizziness  

Asthma 

Hyperthyroidism 

Bradycardia 

Pheochromocytoma 

 

Methyldopa  250-750mg three 

times daily   
 

Dizziness, headache, dry 

mouth  

Depression  

Active hepatic disease  

Pheochromocytoma 

 

Nifedipine 20mg -60 mg slow 

release up to twice 

daily 
 

Dizziness, headache, 

flushing  

Aortic stenosis 

Oxprenolol* 20-160 mg  

every 8 hours 

Postural hypotension, 

bradycardia 

Asthma  

Hyperthyroidism 

Bradycardia 

Pheochromocytoma 

 

Prazosin 0.5-5 mg every 8 

hours 
 

First-dose hypotension, 

dizziness  

Aortic stenosis 

Volume depletion  

Clonidine 75-300μg three times 

daily  

 

Dizziness, headache, dry 

mouth 

Depression 

Severe bradycardia  

Hydralazine 25-50 mg every 8 

hours  
 

Flushing, headache, nausea Idiopathic systemic lupus 

erythematosus or related 

diseases 

Hyperthyroidism 

Aortic stenosis 

 

* Oxprenolol has now been discontinued 
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2.4.2 Prevention and management of pre-eclampsia  

  

As mentioned in S 2.3.2.3, pre-eclampsia is a serious pregnancy disorder with multisystem 

involvement and high morbidity and mortality rates for both the mothers and the neonates. Prevention 

of pre-eclampsia involves close monitoring of women who are at risk of developing it. This 

monitoring includes: BP control, monitoring of proteinuria, liver function, epigastric pain, 

neurological symptoms and platelet count (6). Of particular risk of pre-eclampsia are women with pre-

existing chronic hypertension (109). The ISSHP 2018 guidelines (68) are the only guidelines that 

recommend that all women with chronic hypertension in pregnancy have standard tests performed at 

the start of their pregnancy or when hypertension is diagnosed before 20 weeks gestation. This 

provides a baseline reference should suspicion arise later in pregnancy of superimposed pre-

eclampsia, which will complicate up to 25% of these pregnancies (68, 108).  

The recommended tests are as follows:  

1. A full blood count (haemoglobin and platelet count).  

2. Liver enzymes (aspartate aminotransferase, alanine aminotransferase, and lactate dehydrogenase) 

and function tests (international normalised ratio, serum bilirubin, and serum albumin).  

3. Serum creatinine, electrolytes and uric acid.  

4. Urinalysis and microscopy, as well as protein:creatnine or albumin:creatinine ratio.  

5. Renal ultrasound if serum creatinine or any of the urine tests are abnormal (68).  

Furthermore, a recent expert review by Battarbee et al. on chronic hypertension and its management 

recommended that antihypertensive medication should be altered to achieve optimal BP control (143). 

They recommended similar baseline laboratory tests to those recommended by ISSHP early in 

pregnancy, but recommend them preconception (143). 

Chahine and Sibai, who are experts in the field of chronic hypertension in pregnancy, recommend 

stratifying women with chronic hypertension as high or low risk to better inform clinicians about 

thresholds to initiate antihypertensive therapy, target BPs, frequency of antenatal visits and timing of 

delivery (87). Based on their definition, women classified as high risk include those with either 

secondary hypertension, age >35 years, target organ damage, severe range SBP or DBP (SBP 

≥160mmHg and/orDBP≥110mmHg) or requiring two or more antihypertensive medications to control 

BP (87). These women require stricter BP control and more frequent follow-up visits, as their 

associated rates of adverse maternal and/or fetal outcomes appear higher than women classified as 

low-risk chronic hypertension (87).  
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Low-dose aspirin (75-100mg daily) is the only pharmacological treatment that has strong evidence for 

the prevention of pre-eclampsia (101). Duley et al. performed a Cochrane review of the evidence 

available for the effectiveness of low-dose aspirin in the prevention of pre-eclampsia in 2019 (144). 

The authors concluded that there is high-quality evidence that low-dose aspirin taken daily from the 

end of the first trimester (completion of 12 weeks gestation) until 36 weeks’ gestation reduces the risk 

of developing pre-eclampsia by around 18% (relative risk 0·82; 95% CI 0·77–0·82) (144). Prior to 

this, in 2010, Bujold et al. published a landmark meta-analysis of placebo-controlled randomised 

clinical trials that suggested starting aspirin ≤16 weeks’ gestation is effective in preventing pre-

eclampsia, while there was no statistically significant effect when aspirin was commenced >16 weeks’ 

gestation (14). The same author group followed this up with a meta-analysis of studies related to the 

effectiveness of low-dose aspirin in the prevention of perinatal death and adverse perinatal outcome, 

concluding that starting aspirin ≤16 weeks’ gestation is effective in preventing these adverse 

outcomes (145). Rolnik et al. performed the ASPRE trial, a multicentre, double-blind, placebo-

controlled trial, randomly assigning 1,776 women with singleton pregnancies who were at high risk 

for pre-term pre-eclampsia to receive aspirin, at a dose of 150 mg per day, or placebo from 11 to 14 

weeks of gestation until 36 weeks of gestation (146). They concluded that treatment with low-dose 

aspirin was more effective than placebo to reduce the incidence of pre-term pre-eclampsia in women 

at high risk of this diagnosis (146). On the basis of these three publications, the recommendation to 

administer low-dose aspirin to pregnant women at risk of pre-eclampsia ≤16 weeks’ gestation was 

added to all of the five main clinical guidelines (101).  

Calcium supplementation is another commonly used preventative agent for pre-eclampsia. The 

SOMANZ, ISSHP and SOGC guidelines recommend at least 1g daily (1.0–2.5g/d) of supplemental 

calcium in addition to low-dose aspirin in women at high risk of developing pre-eclampsia and have 

low dietary calcium intake (<600mmHg/d) (6, 68, 72). ISSHP goes further to recommend that it is 

reasonable to give calcium when intake cannot be assessed or predicted (68). The ACOG guidelines 

do not make this recommendation as they state that low baseline dietary calcium is not common in the 

US (70). The NICE guidelines also do not mention calcium supplementation (69). Hofmyer et al. 

performed an updated systematic review of 27 randomised controlled trials (including cluster-

randomised trials) in 2018, comparing high-dose calcium supplementation (at least 1 g daily of 

calcium) during pregnancy with placebo for the prevention of pre-eclampsia (147). The authors 

concluded that 1g of calcium daily reduced rates of pre-eclampsia (RR 0·45; 95% CI 0·31–0·65) 

(147).  

The recent understanding of the role of angiogenic markers in the pathophysiology of pre-eclampsia, 

as described in S 2.3.2.3, has opened the door to several potential treatment targets for the prevention 

of pre-eclampsia. Some of these potential preventative treatments include low molecular weight 

heparins (148-150), metformin (151), pravastatin (152), sulfasalazine in combination with 
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esomeprazole (153) and general proton pump inhibitors (154). Many of these studies are in their early 

stages and larger trials will be required before either of these medications become part of standard 

clinical practice. Additionally, experts in the field hope that one of these medications or a new 

pharmaceutical agent may be able to slow the progression of pre-eclampsia, a goal described by 

experts in the field as transformative (101). Furthermore, the understanding of biomarkers has allowed 

the pursuit of active strategies to predict which women are at high risk of developing pre-eclampsia 

via a screening test using the sFlt1/PlGF ratio (117). This test also has the potential as a diagnostic 

tool to exclude the likelihood of pre-eclampsia in women with severe uncontrolled hypertension 

(117).  

2.4.3 Fetal surveillance  

 

Regular fetal surveillance is recommended to all women with HDP to monitor fetal growth and 

wellbeing (6). This monitoring is done at each antenatal appointment. Additionally, fetal surveillance 

via a pregnancy day assessment unit has been found to be associated with good perinatal outcomes in 

women with various obstetric complications, including women with well controlled hypertension (6). 

Assessing growth trends by serial ultrasound is recommended to monitor for signs of IUGR leading to 

fetal growth restriction (FGR) (6). The comparison of fetal growth is measured by centiles. The 

SOMANZ guidelines recommend that this is done via a customised centile chart (6) that takes into 

account the mother’s age, ethnicity, weight at conception, as well as the gender of the fetus and the 

gestational age in days (155). Mongelli and Gardosi developed a customised centile chart calculator 

for the Australian population in 2007 (155) and was used at the study sites that were researched for 

this thesis, and thus in the analysis of the results. FGR is defined as <10th centile on this scale (6). 

FGR can warrant early delivery if it is severe and there is no evidence of further growth in-utero (6). 

2.4.4 Timing of delivery  

 

The timing of delivery is dependent on the severity of the hypertensive disease, the wellbeing of the 

fetus and the gestational week of pregnancy. The aim is to prolong the pregnancy to as close to term 

(37 weeks) as possible (6). There are cases, however, where immediate delivery is required to prevent 

major adverse outcomes, including maternal or fetal death (6). These include severe uncontrolled BP, 

major involvement of any organ in pre-eclampsia, HELLP or severe fetal compromise (6). The timing 

of delivery in this case would depend on the urgency of the situation. All five guidelines agree on this 

premise (Table 2.6). 
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Table 2.6: Outline of viable delivery options and recommendations for transfer(6) 
 

Gestation 

at onset 

Previable 

<23 

weeks 

and 6 

days 
 
 

24 weeks-31
 

weeks and 6 

days  

32 weeks-36 

weeks and 6 days  
37 weeks 

onwards  

Delivery 

plan 

Consult with 

tertiary 
institution: 

likely to need 
termination of 

pregnancy or 

extreme pre-
term delivery. 

High risk patient. 

Consult and 

transfer to 
Tertiary 

institution: 
likely to need 

pre-term 

delivery.  Aim 
to prolong 

pregnancy 

where possible. 

Aim to prolong 

pregnancy where 
possible, deliver 

in institution 
with appropriate 

paediatric care. 

Plan delivery 

on best day in 
best way 

 

Chronic hypertension is associated with up to a three-fold risk of perinatal death compared with 

singleton, normotensive pregnancies, even when it is mild-moderate (156). The SOMANZ guideline 

therefore recommends that appropriate monitoring of these women to the end of the pregnancy is 

mandatory (6). Ram et al. conducted a retrospective population-based study of women with chronic 

hypertension who had a singleton hospital birth at 38 weeks of gestation and beyond in Ontario, 

Canada, between 2012 and 2016 (157). Their findings suggest that, in women with isolated chronic 

hypertension, induction of labour at 38 or 39 weeks of gestation may prevent severe hypertensive 

complications without increasing the risk of caesarean delivery (157).  

The timing of delivery in women with mild gestational hypertension or pre-eclampsia is generally 

agreed upon among the guidelines. A recommendation of delivery as soon as practicable after the 

completion of 37 weeks gestation is made (by all except ISSHP) to prevent progression to severe 

hypertensive disease. The main trial that influenced the unity of this decision was the ‘Induction of 

labour versus expectant monitoring for gestational hypertension or mild pre-eclampsia after 36 weeks’ 

gestation’ (HYPITAT) trial published in 2009 (158). The HYPITAT was a landmark, multicentre, 

unblinded randomised controlled trial comparing outcomes after induction of labour and expectant 

monitoring in 756 pregnant women with mild gestational hypertension or mild pre-eclampsia between 

36 and 41 weeks gestation (158). The study reported that immediate induction of labour was 

associated with a reduction in the incidence of severe hypertension, without an increase in the 

caesarean section rate (158). Furthermore, some experts in the field, such as Chappell et al.  

specifically recommend that delivery is warranted at 37 weeks gestation or beyond, because expectant 

management will increase the likelihood of adverse maternal outcomes with little or no fetal gain 
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(101). The HYPITAT trial was followed up by a second trial published in 2015 which found that 

expectant management of women with mild gestational hypertension or pre-eclampsia between 34 

and 37 weeks was associated with a non-significant increase in maternal adverse outcomes, but a 

significant reduction in neonatal respiratory distress (159). The findings cemented the 

recommendation for delivery after 37 weeks gestation in the above-mentioned guidelines. 

Although these facets of management are now mostly well documented in the obstetric literature, 

some differences still remain in guideline recommendations as illustrated above. Moreover, there is a 

paucity of studies examining the nature of clinical management of HDP, especially in Australia.  

2.5 Adverse outcomes of hypertensive disorders of pregnancy  

2.5.1          Pregnancy, delivery and perinatal complications 

 

Elevated BP during pregnancy has been associated with significant maternal morbidities, many of 

which are interlinked with perinatal complications. These include an increase in pre-term birth, 

premature separation of the normally implanted placenta before delivery (known as placental 

abruption), caesarean deliveries, emergency deliveries, IUGR, small-for-gestational age (SGA) and  

stillbirth (160,161). An increased incidence of congenital malformations has also been reported (161). 

Pre-term birth is defined as delivery before 37 weeks gestation (6). More specifically, the gestational 

week of pre-term delivery is defined as follows (162): 

• Late pre-term: born between 34 and 36 completed weeks of pregnancy 

• Moderately pre-term: born between 32 and 34 weeks of pregnancy 

• Very pre-term: born at less than 32 weeks of pregnancy 

• Extremely pre-term: born at or before 25 weeks of pregnancy 

There have been many studies related to the incidence of these adverse pregnancy outcomes in 

pregnant women with HDP, either about HDP as a whole or specific HDP subtypes (161,163-166). 

The studies varied in whether they compared between women with HDP and women with 

normotensive pregnancies, sample size and statistical power (163-165). A meta-analysis published in 

2021 reported that extents of association varied between studies, with some studies contradicting the 

findings of prior published studies (166). There were two prior meta-analysis. In 2014, Bramham et 

al. estimated the birth prevalence of several adverse outcomes only among women with chronic 

hypertension (166). The authors did not assess the risk of these outcomes associated with HDP by 

comparing with normotensive women (166).  Mulualem et al. performed a systematic review in 2019, 

but only estimated the risk of pre-term birth associated with HDP in Ethiopia (167). In the context of 

the insufficient statistical power in primary studies and the shortage of previous reviews, Li et al. 
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recently conducted a meta-analysis of cohort studies to review and summarise the epidemiologic 

evidence on the association between HDP and risk of specific adverse outcomes in offspring, and to 

identify potential heterogeneity moderators by subgroup and sensitivity analysis (161). Table 2.7 

summarises the findings of Li et al. (161). 

Table 2.7 Meta-analysis of association between hypertensive disorders of pregnancy and 

adverse pregnancy outcomes adapted from (161) 

Adverse outcome Number of included 

studies 

Odds ratio (95% CI) 

Intrauterine growth restriction 30 5.476 (3.883-7.722) 

Small-for-gestational age 49 3.389 (2.859-4.017) 

Congenital malformations 12 2.655 (1.863-3.784) 

Pre-term birth 75 4.195 (3.586-4.907) 

Very pre-term birth 11 3.262 (1.9200-5.544) 

Stillbirth  ̂ 16 1.928 (1.379-2.696) 

 ̂Fetal death before or during labour after 20 weeks of gestation (154). 

Common immediate complications of pre-term birth include SGA, laboured breathing or respiratory 

distress (due to compromised lung maturity) and lack of reflexes for sucking and swallowing, leading 

to feeding difficulties (162). The severity of these symptoms depends on the timing of the birth, with 

each additional week providing an extra opportunity for fetal growth and lung maturity. As such, 

prolonging the pregnancy to as close to term as possible is an important aspect in HDP management 

(6). It is recommended that, if a pre-term delivery before 34 weeks gestation is warranted, delivery 

should be delayed for at least 24-48 hours, if maternal and fetal status permit, to allow fetal benefit 

from antenatal corticosteroids (betamethasone or dexamethasone administered intramuscularly to the 

mother) for lung maturation. Additionally, before 32 weeks gestation, magnesium sulphate is 

administered antenatally to provide neonatal neuroprotection (6, 101). Unfortunately, up to 40% of 

women presenting with pre-eclampsia at less than 34 weeks gestation are ineligible for this 

prolongation of delivery as they are at higher risk of developing severe pre-eclamptic features 

including HELLP syndrome, placental abruption and eclampsia (6, 168-170). Magnesium sulphate is 

also recommended for the prevention of seizures in women with pre-eclampsia showing significant 

neurological signs and symptoms such as severe, intractable headache or repeated visual scotoma 

(6,101). The landmark Magpie Trial in 2002 showed that magnesium sulphate reduces the risk of an 

eclamptic seizure in women with pre-eclampsia by 58% and has thus been recommended as 

preventative eclampsia treatment (171). 

Placental abruption is a serious fetal complication of HDP that increases the risk of stillbirth (6). Fetal 

testing cannot predict placental abruption, but good control of BP and avoidance of severe 
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hypertension can reduce the risk (6). An emergency caesarean delivery is required in the case of 

abruption. Other reasons for an emergency delivery in women with HDP include worsening pre-

eclampsia, severe uncontrollable hypertension, IUGR and fetal distress. This can either be by 

induction of labour (IOL) or caesarean section depending on the urgency of the delivery and the 

mother’s circumstances (6).  

Pregnant women with chronic hypertension are at increased risk of adverse pregnancy outcomes (143, 

172, 173). The risk of placental abruption is increased among women with chronic hypertension, 

especially when presented in association with uncontrolled hypertension and FGR (90, 173).  

Panaitescu et al. (174) performed a prospective screening study of adverse pregnancy outcomes in 

women with singleton pregnancy attending their first routine hospital visit at 11 weeks to 13 weeks 

and 6 days gestation in the UK. The authors found that women with chronic hypertension are also at 

increased risk for caesarean delivery compared with women without chronic hypertension (174). 

Moreover, women with chronic hypertension are at a five-fold risk for maternal death, peripartum 

cardiomyopathy, cerebrovascular accident, pulmonary oedema or renal failure (143). Bramham et al. 

performed a meta-analysis of 55 studies regarding adverse pregnancy outcomes in women with 

chronic hypertension (166). These studies included 795,221 pregnancies from 25 countries and 

spanned four decades and confirmed that chronic hypertension is associated with adverse pregnancy 

outcomes (166). The pooled average incidence, across study populations, of caesarean section, pre-

term delivery, perinatal death and neonatal unit admission were all significantly higher in US studies 

of women with chronic hypertension than in the general US pregnant population (166). As early as 

1983, Sibai found that the increased rates of maternal and fetal adverse outcomes in pregnant women 

with mild chronic hypertension are related not only to hypertension but also to factors relating to 

superimposed pre-eclampsia (90). Based on these findings, Sibai has advocated for closer monitoring 

of pregnant women with chronic hypertension (90).  

In addition to the aforementioned adverse pregnancy outcomes associated with HDP, pre-eclampsia, 

especially when it develops severe features, presents an increased risk of additional morbidities, 

including acute renal dysfunction, hepatic haematoma or rupture, coagulopathy and pulmonary 

oedema (101). These severe features are often associated with pre-term pre-eclampsia (6, 175). 

Mooney et al. conducted a retrospective cohort study in 108 women presenting with pre-term pre-

eclampsia at a tertiary hospital in Melbourne, from 23 weeks to 32 weeks and 6 days gestation, to 

examine the reason for delivery (maternal or fetal) and assess whether disease characteristics at 

presentation are predictive of delivery indication (175). The authors found that more participants were 

delivered for maternal indications (65.7%) compared to those requiring delivery on grounds of fetal 

compromise (19.4%) or for both indications (14.8%) (175). They also reported that women who 

delivered on maternal grounds were delivered at earlier gestation, had higher BP and higher incidence 

of abnormal liver function tests than those delivering for fetal indications (175). Other researchers in 
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the field of pre-eclampsia have developed prognostic tools to predict and stratify a pregnant woman’s 

risk of adverse pregnancy outcomes and aim to tailor close surveillance for women at highest risk, so 

that delivery can be timed optimally (176, 177); however, these tools are not widely used in practice 

as of yet. 

 

2.5.2        Long-term adverse outcomes of HDP 

                     2.5.2.1           Long term adverse outcomes for the mother 

 

 

Women with a history of HDP have a higher risk (nearly double) of developing future cardiovascular 

disease (CVD) in comparison to women who were normotensive during pregnancy (178, 179). It is 

thought that this could be a combination of the HDP and predisposition to CVD (180). The main CVD 

risk consistently linked with gestational hypertension and pre-eclampsia is future chronic 

hypertension (179, 181). Giorgione et al. performed a systematic analysis researching the incidence of 

postpartum hypertension within two years of a pregnancy complicated by HDP (182). They reported 

the risk of hypertension within two years of birth to be six-fold higher in women who experienced 

HDP, and that the augmented risk of hypertension after HDP is highest in the early postpartum period 

(182). Theilen et al. performed a retrospective cohort study to determine whether recurrent HDP is 

associated with increased mortality risks and found that there are excess risks for early all-cause 

mortality and some cause-specific mortality, which increased further with recurrent disease (183). A 

recently published data linkage study of 528,106 births in New South Wales, Australia, from 2002 to 

2016 found that the ten-year absolute risk of hospitalisation or death from a cardiovascular event 

(ischaemic or hypertensive heart disease or stroke) was 2.1 per 1,000 for women without HDP, and 

5.5 per 1,000 after HDP (184). The risk increased over time, with the risk for women with late-onset 

HDP (after 34 weeks gestation) increased 1.8 times (95% CI 1.4–2.2) at five years, 5.0 times (95% CI 

4.1–5.8) at ten years and 11.8 times (95% CI 8.9–14.7) at 15 years postpartum, compared to women 

without previous HDP (184). 

Leon et al. performed a large population-based cohort study using linked electronic health records 

from 1997 to 2016 to recreate a UK population-based cohort of 1.3 million women, with nearly 1.9 

million completed pregnancies to study the association between HDP, pre-eclampsia and subsequent 

diagnosis of 12 different cardiovascular disorders (185). A total of 18,624 incident cardiovascular 

disorders were observed, 65% of which had occurred in women under 40 years (185). Compared to 

women without hypertension in pregnancy, those who had one or more pregnancies affected by HDP 

had a consistent hazard ratio of around 2.0 for any cardiovascular events such as stroke, cardiac 

atherosclerotic events, peripheral events, heart failure, atrial fibrillation and death, while the hazard 
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ratio for chronic hypertension was 4.47 (185). The authors also reported similar patterns of 

association for HDP, while pre-term pre-eclampsia conferred slightly further elevated risks (185). 

Behrens et al. performed a population-based cohort study to compare rates of cardiomyopathy in 

women with and without a history of HDP (186). They reported that women with a history of HDP, 

compared with women with normotensive pregnancies, had a small but statistically significant 

increased risk of cardiomyopathy more than five months after delivery (186).  

Pre-eclampsia alone has been linked to an increase in the risk of later major chronic conditions 

including cardiovascular, renal and neurological conditions (101). Chappell et al. state that it is 

plausible that the maternal vascular and organ injury caused by pre-eclampsia induces permanent 

physiological and metabolic rewiring that increases their predisposition to these chronic diseases 

(101). Several observational studies, systematic reviews and meta-analyses have been published about 

this (185, 187-189). The first systematic review was by Bellamy et al. in 2007 (187). The authors 

reported that pre-eclampsia increased the risk of chronic hypertension, ischaemic heart disease and 

stroke later in life (187). Around the same time, Ray et al. performed a population-based retrospective 

cohort study and found the risk of cardiovascular complications later in life to be greater in early onset 

pre-eclampsia, and pre-eclampsia that resulted in stillbirth or SGA infants (190). McDonald et al. 

performed a systematic review and meta-analysis shortly after, confirming that women with a history 

of pre-eclampsia or eclampsia have approximately double the risk of early cardiac, cerebrovascular 

and peripheral arterial disease, and cardiovascular mortality when compared to women who had 

normotensive pregnancies (188). More recently, researchers have defined the future cardiovascular 

risks of pre-eclampsia in more detail. A 2017 systematic review and meta-analysis by Wu et al. 

concluded that pre-eclampsia is associated with a 4-fold increase in future incident heart failure and a 

2-fold increased risk in coronary heart disease, stroke and death (189). Moreover, women who have 

had pre-eclampsia have been found to be at a higher risk of developing future diabetes, even if they 

did not have gestational diabetes (191), and future chronic renal conditions (192, 193). There is also 

an increased risk of developing neurological conditions, such as vascular dementia and, potentially, an 

increased probability of developing deficits in perception, memory and motor function (194). The 

risks of developing many of these long-term complications rise more sharply if birth was pre-term, if 

there was coexistent FGR, if severe complications occurred, or if pre-eclampsia occurred in more than 

one pregnancy (183, 188). 
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                     2.5.2.2          Long term adverse outcomes for the offspring 

 

A growing number of studies have reported the long-term effects on a baby born to a mother with 

HDP. The most common of these are neurodevelopmental disorders. Zwertbroek et al. on behalf of 

the HYPITAT-II author group, did a 2-year follow-up study of offspring born to mothers who gave 

birth between 34 and 37 weeks gestation (195). The authors found that early delivery in women with 

late pre-term hypertensive disorders is associated with poorer neurodevelopmental outcomes in their 

children at two years of age (195). Maher et al. performed a systematic review and meta-analysis 

researching the association between HDP and risk of neurodevelopmental disorders in the offspring 

(196). They found that exposure to HDP may be associated with an increase in the risk of autism 

spectrum disorder and attention-deficit/hyperactivity disorder (196). The risk of childhood 

hypertension has also been reported (197). Girls born to mothers who had HDP are also at increased 

risk of developing HDP during their future pregnancies (6). 

2.6 Safety of antihypertensive medication during pregnancy 
 

It is difficult to conduct well-designed randomised controlled trials to test the safety of 

antihypertensive medications during pregnancy due to ethical and safety reasons. It is also for these 

reasons that pregnant women are significantly under-represented in global clinical drug trials (198). 

Therefore, most of the safety recommendations are based on data from observational or population-

based cohorts in women exposed to antihypertensives during pregnancy (17, 19). Furthermore, many 

of the antihypertensives commonly used in pregnancy are categorised as C in the Australian Drug and 

Evaluation Committee categorisation (Table 2.8), citing limited evidence regarding their safety in 

pregnancy. 

 

Table 2.8: Australian Drug and Evaluation Committee categorisation of risk of 

antihypertensives during pregnancy   

 

Category Definition Antihypertensive 

A Drugs which have been taken by a large number of 

pregnant women and women of childbearing age without 

any proven increase in the frequency of malformations 

or other direct or indirect harmful effects on the fetus 

having been observed. 

Methyldopa 

B1 Drugs which have been taken by only a limited number 

of pregnant women and women of childbearing age, 

without an increase in the frequency of malformation or 
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Category Definition Antihypertensive 

other direct or indirect harmful effects on the human 

fetus having been observed. 

Studies in animals have not shown evidence of an 

increased occurrence of fetal damage. 

B2 Drugs which have been taken by only a limited number 

of pregnant women and women of childbearing age, 

without an increase in the frequency of malformation or 

other direct or indirect harmful effects on the human 

fetus having been observed. 

Studies in animals are inadequate or may be lacking, but 

available data show no evidence of an increased 

occurrence of fetal damage. 

Prazosin 

B3 Drugs which have been taken by only a limited number 

of pregnant women and women of childbearing age, 

without an increase in the frequency of malformation or 

other direct or indirect harmful effects on the human 

fetus having been observed. 

Studies in animals have shown evidence of an increased 

occurrence of fetal damage, the significance of which is 

considered uncertain in humans. 

 

C Drugs which, owing to their pharmacological effects, 

have caused or may be suspected of causing, harmful 

effects on the human fetus or neonate without causing 

malformations. These effects may be reversible. 

Accompanying texts should be consulted for further 

details. 

Labetalol 

Atenolol 

Nifedipine 

Hydralazine 

D Drugs which have caused, are suspected to have caused 

or may be expected to cause, an increased incidence of 

human fetal malformations or irreversible damage. 

These drugs may also have adverse pharmacological 

effects. Accompanying texts should be consulted for 

further details. 

Angiotensin converting 

enzyme inhibitors 

(ACEIs) 

Angiotensin II receptor 

antagonists and renin 

inhibitors 

X Drugs which have such a high risk of causing permanent 

damage to the fetus that they should not be used in 

pregnancy or when there is a possibility of pregnancy. 

 

 

The safety of methyldopa, labetalol, nifedipine and hydralazine have been confirmed over many years 

through the Abalos et al. systematic reviews (19, 139-141). A recent network meta-analysis by Bellos 

et al. investigating the comparative efficacy and safety of antihypertensive agents in pregnant women 

with chronic hypertension also confirmed this (17). 
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The impact of antihypertensive medications on IUGR has also been discussed. A landmark study by 

Butters et al. (199) found that atenolol when used for mild hypertension from the first trimester 

restricted intrauterine fetal growth. This prompted a change in the management of hypertension and 

brought the use of many other beta-blockers into question. This was reconfirmed in the review by 

Bellos et al. (17) who reported that atenolol was associated with significantly higher risk of small-for- 

gestational age compared with placebo (odds ratio, 26.00; 95% confidence interval, 2.61-259.29). 

Magee et al. reported that the effect of beta-blockers, other than labetalol and oxprenolol, on perinatal 

outcomes is uncertain and further trials are necessary to determine whether the benefits from using 

these medications to treat mild to moderate hypertension during pregnancy outweigh the risks to the 

fetus (200). Other studies have focused on the association between the antihypertensive-induced fall 

in mean arterial BP and the risk of infants with lower birth weights (201). An important point to 

consider is that hypertension during pregnancy can itself adversely affect fetal growth and increase 

the risk of pre-term births (68). 

 

The question as to whether commonly used antihypertensive medications (methyldopa, labetalol, 

nifedipine and hydralazine) alter fetal or neonatal heart rate was reviewed Waterman et al. in 2004 

(202). They ascertained that the available data are inadequate to conclude whether these medications 

adversely affect fetal heart rate or pattern (202). Magee and von Dadelszen, who were part of this 

author group in 2004 and are experts in the field of HDP, performed a thematic review of HDP 

management in 2018 and reported that this claim remains unsubstantiated and that changes in fetal 

heart rate or pattern should be ascribed to evolution of the underlying HDP, not to prescribed 

antihypertensive(s) (203). Research on congenital malformations due to commonly used 

antihypertensives has been scant (204); however, there is a somewhat larger amount of literature 

around the association of beta-blockers in general with congenital malformations (205, 206). Yakoob 

et al. performed a meta-analysis of observational studies investigating the risk of congenital 

malformations associated with exposure to beta-blockers early in pregnancy in 2013 (205). The 

authors reported that beta-blockers were not associated with major malformations overall, but were 

associated with three sub-types of malformations: cardiovascular defects (OR 2.0, 95% CI: 1.2, 3.4; 

four studies), cleft lip/palate (OR 3.1; 95% CI: 1.8, 5.4; two studies), and neural tube defects (OR 3.7, 

95% CI: 1.2, 10.7; two studies) (205). Furthermore, > 80% of the studies that reported incidence of 

cleft palates and neural tube defects did not include labetalol treatment (205). Hence, the authors 

concluded that due to the small number of exposures and potential for bias, it is difficult to deduce 

causality between beta-blocker exposure (including labetalol) and fetal anomalies overall or within 

specific organ systems (205). Wu et al. performed a similar meta-analysis in 2020 and confirmed that 

beta-blocker use during early pregnancy is not associated with increased risks of overall congenital 

malformations or heart malformations (206); however, their ability to make robust conclusions was 

limited by wide confidence intervals for some organ-specific congenital malformations (206). Further 
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studies evaluating the associations between maternal use of beta-blockers and congenital 

malformations are warranted, as are studies of the effects of individual beta-blockers (and their 

dosages) on system-specific malformations (206). 

 

2.7 Antihypertensive use during pregnancy 
 

2.7.1  Adherence to medications in the general population   

 

The last 50 years has witnessed periods of intensive clinical and research interest in medication taking 

(207). Similarly, the terminology used to describe the behaviour of patients and medication taking has 

also evolved. Compliance is defined as ‘the extent to which a person’s behaviour in taking medication, 

following a diet, and/or executing lifestyle changes corresponds with medical advice’ (208). The literal 

definition of compliance, ‘the reluctant acceptance of something without protest’ or ‘acquiescence’ 

(209) implies that the practitioner is in an authoritarian role, giving recommendations without a regard 

for the individual patient. The term also exaggerates the practitioner’s control over the process of taking 

medication (208). Various researchers have also considered the term compliance to be too closely 

related to blame of the patient and consider it detached from any consideration of the patient’s health 

beliefs or goals (37). As a result of this discussion, the term ‘adherence’ has been utilised to reduce 

attribution of authoritarian power to the practitioner (210) and be less judgemental towards the patient.   

Despite the extensive research into medication adherence, the WHO suggests that adherence to long-

term treatment for chronic illnesses averages 50% in developed countries (37). One of the foremost 

researchers into medication adherence, Brian Haynes, suitably stated as early as 1976 ‘in an area where 

efficacious therapies exist or are being developed at a rapid rate, it is truly discouraging that one-half 

of patients for whom appropriate therapy is prescribed fail to receive full benefit through inadequate 

adherence to treatment’ (211). Nonadherence refers to deviations from agreed treatment, either by under 

utilisation, over utilisation and/or general incorrect use of medication. Nonadherence is categorised into 

two broad types; ‘intentional nonadherence’ which involves a patient altering their dosage regimen to 

suit their own needs, is often associated with their beliefs about the medication  and a ‘decision balance’ 

(39, 212) and ‘unintentional nonadherence’ which may be due to the patient forgetting to take the 

medication (39).  

 Adherence to medications is a multi-factorial issue. The WHO 2003 report, Adherence to Long-term 

Therapies: Evidence for Action (37), identified that the ability of patients to follow treatments is 

frequently compromised by more than one barrier. These barriers were divided into five categories: 

social and economic factors, therapy-related factors, patient-related factors, condition-related factors 
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and health system/health care team factors. Health beliefs and perceptions about the condition is another 

factor that can impact on adherence (27). The Ascertaining Barriers to Compliance (ABC) framework 

was derived from a systematic review of the medication adherence literature by Vrijens et al in response 

to the ‘Adherence to Long-term Therapies: Evidence for Action’ WHO 2003 report. This framework 

conceptualised medication adherence into different phases, namely initiation, implementation and 

persistence and provided standardised terminology of these terms in adherence research (213).  

2.7.2 Adherence of the general population to antihypertensive medication  

 

Adherence to antihypertensive medications has been studied widely since the early 1970s (214). 

Nonadherence to antihypertensives includes failure to initiate treatment, to take medications as often 

as prescribed, and to persist on therapy long-term (215). It is estimated that less than 50% of patients 

who are prescribed an antihypertensive remain on the treatment 1 year after initiation (216). Burnier 

and Egan (215) summarised the factors affecting nonadherence to antihypertensive agents in a review 

in 2019. They noted that although adherence literature has advanced since the publication of the 

WHO report, the five dimensions of adherence remain useful in explaining the factors related to 

nonadherence to antihypertensives in the general population (215). Adverse effects, complex dosage 

schedules and lack of understanding of the condition and its future health risks are some of the factors 

associated with poor adherence to antihypertensive medications in the general population (215). 

 

2.7.3 Medication use and adherence to antihypertensive medication during pregnancy  
 

Underpinning the optimal management of HDP cases that require antihypertensive treatment is 

adherence to the prescribed medication regimen. Despite the fact that many adherence studies in the 

general patient population with hypertension show poor adherence rates (215), there is scant research 

into the rate of adherence or lack thereof and the factors affecting adherence to antihypertensives in 

pregnant women. It is difficult to extrapolate adherence data from the general adult population to 

pregnant women. Whereas adult hypertension is a long-term risk factor where the goal of BP control 

is to prevent future cardiovascular events, hypertension during pregnancy in around 70% of cases is 

gestational (217) and is, by definition, a transient disorder that is often alleviated after delivery (6, 

68).  Similarly, studies that have explored the use of medications in pregnant women have tended to 

investigate prescription medication use in general with little focus on common drug classes such as 

antihypertensives. A study by Olesen et al. (218) found that adherence to medication for the treatment 

of chronic diseases, including diabetes and hypertension, during pregnancy was high (70-100%). On 

the other hand, in a cross-sectional, multinational web-based study about medication use in pregnancy 

by Lupattelli et al. (219), 32.9% of women self-reported low adherence to cardiovascular medications. 

Neither study (218, 219), however, specified the adherence rate for antihypertensives, nor did they 
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mention the sub-type of hypertension (i.e. chronic or gestational). A survey conducted by Sawicki et 

al. (54) in one Melbourne maternity hospital found that having hypertension slightly increased the 

likelihood of pregnant women’s adherence to medication. There was, however, no further information 

on the users of antihypertensive medications, as the focus of the study was pregnant women with 

asthma. There is limited information surrounding adherence of pregnant women to antihypertensive 

medicines, which indicates a significant gap in the literature, given the extent of HDP in pregnancy. 

2.7.4 Perceptions of pregnant women towards medication use  

 

The perceptions of pregnant women towards medication use can provide valuable information about 

their adherence to medications. Sanz et al. (220) conducted a study investigating the perceptions of 

lay people (pregnant women and non-pregnant women) and health professionals (GPs, 

gynaecologists, medical students and medical interns) about the teratogenic risks of commonly used 

medications. The study was carried out in the context of fetal malformations and potential difficulties 

in evaluating the risks, which included: the high prevalence of medication use by pregnant women, 

the fact that pregnant women usually take more than one medication (which can complicate 

causality), the difficulties in recalling medication use in the first trimester after the birth of a child, 

and the overall low incidence of major malformations in the general population (estimated at 1-5%) 

(220). The authors found that pregnant women perceived safe medications as carrying a higher risk 

than non-pregnant women did. Pregnant women perceived the risks associated with the medications 

included in the questionnaire to be higher than by non-pregnant women and the physicians (220). This 

high and ‘unrealistic’ perception may lead to unnecessary abortions or nonadherence to medication. In 

addition, the perception of risk by the doctors in the study was often wrongly interpreted (220), 

potentially resulting in distorted advice being given to patients, hence increasing the likelihood of 

nonadherence (220). Widnes et al. also reported that pregnant women and physicians have an 

unrealistic perception of heightened risk from medications with potential teratogenic effects (221). 

The authors suggested that the empowerment of pregnant women with correct medication information 

may assist in having realistic expectations (221). 

Nordeng et al. investigated the potential impact of risk perception on a pregnant woman’s decision to 

take a medication, specifically paracetamol, amoxycillin and phenytoin (28). The Internet-based 

questionnaire was completed by 1,793 women, 866 of whom were pregnant and 927 were mothers of 

children below the age of five (including breastfeeding women). Most of the women overestimated 

the teratogenic risk associated with the medications (28). These results are consistent with the work 

by the Motherisk Program in Toronto, Canada, which also reported that the use of evidence-based 

counselling can reduce pregnant women’s fear of taking medications (222). Mulder et al. investigated 

the perception of risk versus benefit of nine specific drug classes during pregnancy (paracetamol, 

antacids, antibiotics, antifungal medication, drugs against nausea and vomiting, histamine-2 receptor 
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antagonists/proton pump inhibitors, antidepressants, nonsteroidal anti-inflammatory drugs, and 

sedatives/anxiolytics) by giving examples of medication names from each drug class (223). The 

questionnaire was completed by 136 pregnant women at various stages of gestation and various 

parities. The authors found that the women were most afraid of having a child with a birth defect 

(35%), a miscarriage (35%), or their child developing an allergic disease (23%) as a result of general 

medication use (223). They also found that the women in their first trimester self-reported higher risk 

scores than those in the second or third trimester (223). Although women in the first trimester only 

accounted for 13.8% of the studied population (223), this does indicate that education about the risk 

versus benefit of a medication that is required during pregnancy should be carried out either pre-

pregnancy or early in the first trimester.   

Other researchers, including Butters et al. specifically explored pregnant women’s attitudes and 

knowledge of the effects of commonly used medications on the fetus (29). A total of 514 self-

administered questionnaires were completed by postnatal women during their hospital stay. Most of 

the women (85%) recognised that the fetus is most at risk of being harmed during the first trimester of 

pregnancy, although significantly more women in the unemployed group and the youngest age group 

(15-20 years) revealed that they did not know which stage of pregnancy would pose the highest risk 

(29). Rizk et al. also explored the knowledge and practices of 400 pregnant women in their third 

trimester towards medication ingestion (224). They reported that 81.5% of primigravid women had 

poor and inadequate knowledge of the risks that medications can pose to the fetus (224). Similar 

results were observed in 87.1% of women who previously had abortions. A study exploring pregnant 

women’s beliefs about medications in Norway reported that most of the women believed that 

medications in general were helpful and safe to use, but were unsure about their safety during 

pregnancy (225). Although the authors mentioned that beliefs can influence a patient’s decision to 

take a medication, they did not make a specific link between these beliefs and medication adherence. 

A more recent cross-sectional, multinational, Internet-based survey went further to explore the 

differences in medication beliefs between pregnant women using medication, or not, for chronic 

diseases (226). It has been suggested that decisions on medication use may be assessed subjectively 

based on the women’s personal experiences, influence from ‘significant others’, as well as norms and 

expectations of a ‘good mother’ (227, 228). 

An additional factor that could potentially alter pregnant women’s perceptions towards medication is 

the presence of depression. Pregnancy is a major life event that is accompanied by many hormonal 

changes. Both these factors increase the susceptibility of pregnant women to experience a new onset 

of depressive symptoms, or the return of a previous depressed state (229, 230). Estimates of the 

prevalence of depression during pregnancy vary widely ranging from 8% to 51% (229). A review by 

Bennet et al. found that the proportion of women who experience depression during the first trimester 

of pregnancy is similar to that of the general female population whereas the incidence of depression 
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during the second and third trimesters is nearly double that rate (229). Depression during pregnancy 

has been linked to pre-eclampsia (231) and poor health behaviours (232). Poor health behaviours can 

potentially contribute to low adherence to maternal appointments, monitoring of their health status 

(e.g. measuring of BP) and the use of medication. Furthermore, there is a growing evidence that 

women intentionally cease their antidepressants before or during the pregnancy (233). In 2019, 

Kothari et al. conducted an observational study in Brisbane, Australia, to explore attitudes and 

decision-making by pregnant women regarding antidepressant and anxiolytic use during pregnancy 

(233). The authors found that 68% of the women who self-reported use of antidepressants/anxiolytic 

medications during their current pregnancy ceased this medication prior to or during the pregnancy 

(233). The most common self-reported reasons for cessation were perceived potential adverse effects 

to the baby, advice of health care professional or the absence of depressive symptoms (233). 

 

2.7.5 Sources of information 

 

Pregnant women use a variety of sources to obtain information during pregnancy and have been doing 

so even prior to the advent of the Internet (29, 234, 235). In the late 1980s in Australia, Butters et al. 

(29) reported that most of the information was gained through books and magazines aimed at pregnant 

women, followed by doctors, friends and family, and then midwives. Julsgaard et al. (33) reported 

that medication counselling prior to and especially during pregnancy may significantly reduce the risk 

of nonadherence to medications. The quality and accessibility of medication information can have a 

significant impact on their adherence.  

The MAP (Medications in Adelaide during Pregnancy) study was conducted in South Australia during 

September 1999. It investigated various aspects of medication use during pregnancy using interviews 

conducted at the Women’s and Children’s Hospital in Adelaide. One of the published reports 

specifically reviewed the sources of advice on medication use in pregnancy and reasons for 

medication uptake and cessation during pregnancy (236). An earlier Australian survey published in 

1990 (237) found that informal sources, including books and magazines, accounted for information 

obtained by 64% of the participants. Doctors were a source of information for 64%, whilst antenatal 

classes (usually delivered by midwives) were a source of information for 50% of participants. Henry 

et al. (236) reported that GPs were the most frequently consulted practitioners (59% of cases) for 

formal medication information. One-third (36.4%) of participants approached a pharmacist for drug 

information during pregnancy. In comparison, only 26% consulted their obstetrician/antenatal doctor. 

The most commonly reported non-formal sources of medication information were relatives/friends 

(56%), followed by books (41%) (236). These results shed light on the traditional understanding of 

information seeking in the Australian context. 
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In more recent times, the Internet has had a major influence on decision making during pregnancy 

(238). The Internet, with its large search engines, has been seen as replacing textbooks. Similarly, 

online forums aimed at pregnant women have largely replaced the magazines that were previously 

common. The difference, however, is that the postings on these forums are of various levels of 

authenticity (239). Despite this, many pregnant women accept these forums as a significant source of 

information as their posts can be anonymised and the environment is non-judgemental (239). Rouhi et 

al. performed a content analysis on 333 messages posted on a post-childbirth online forum in 

Australia. They found that postpartum discussions of childbirth and later complications can be 

supportive, but that ill-information may result in a barrier to safe and reliable health care (239). The 

authors concluded that women should be encouraged to have access to online forums, but that they 

should be moderated by healthcare providers who can notify participants when a problem requires 

support from a relevant health professional (239).  

Tastekin et al. has published a systematic review of studies that described how the Internet affects 

decision-making in healthy pregnant women (238). Most studies reported the Internet as a source of 

information about pregnancy; the most commonly searched topics in search engines were pregnancy, 

development of the fetus, labour, neonatal health and nutrition (238). Additionally, the Internet was 

found to affect decisions about the type of delivery, medication use in pregnancy and physical activity 

(238). Tastekin et al. concluded that the use of the Internet had a positive effect on the decision-

making processes of pregnant women, increased their awareness, and had a visible effect on this 

process (238). However, it is important to note that the women who were included in the studies were 

healthy and hence did not have concerns about the potential effects of medications during pregnancy 

or the progression of conditions such as HDP. Conversely, Denton et al. used a modified consensual 

qualitative research approach to analyse 1,728 comments posted on a popular Internet message board 

(Babycenter.com) about the safety of the use of six common psychotropic medications during 

pregnancy (235). The authors found that while many comments conveyed emotional support, or 

encouraged women to seek professional advice, others contained inaccurate and/or contradictory 

information, or harsh criticism (235). The authors recommended that health care professionals should 

address questions and concerns that women have about the safety of these medications and recognise 

how the social context of the Internet impacts the emotional health of pregnant women faced with 

these decisions (235). In the context of HDP, online websites run by health professionals and 

volunteers providing reliable information and offering online support for pregnant women with HDP 

are that of the Preeclampsia Foundation (https://www.preeclampsia.org/) and Australian Action of 

Pre-eclampsia (https://www.aapec.org.au/). There have not been any studies addressing the usage of 

these websites to date.   

Medicine information services are another source of information for the pregnant population. In 

Australia, these are available through selected tertiary hospitals as well as the National Medicines Call 

https://www.aapec.org.au/
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Centre. In 2016, Pijpers et al. published an analysis of calls between 1 September 2002 and 30 June 

2010 to the Australian National Medicines Call Centre operated by clinical pharmacists of Mater 

Health Services, South Brisbane, to elucidate the type of questions that pregnant women ask (240). 

The authors found that enquiries by pregnant women were prompted most often by conflicting 

information, inadequate information or desire for a second opinion (240). 

Another source of formal medication information is the Consumer Medicines Information (CMI) 

leaflets that are often provided to consumers, or via an online link, informing them about their 

medication. As early as the mid 1990’s, Van Trigt et al. reported that pregnant women found such 

leaflets ‘vague and useless’ (241). They called for the improvement of pamphlets by making the 

information more accurate and understandable in the context of pregnancy. More recently, Brown et 

al. investigated the views and experiences of over 40 obstetric practitioners and hospital pharmacists 

working at the Women’s and Children’s Hospital in South Australia regarding their views on 

pregnancy and lactation advice in Australian Product Information (API) for four commonly 

prescribed medications (metronidazole, cephalexin, diclofenac and dexamethasone – framycetin 

sulfate – gramicidin ear drops) using semi-structured interviews (22). The authors reported that 

reliance on API can result in negative ramifications, especially when this information is used in the 

CMI (22). They also found that API recommendations were overconservative, outdated and 

unreflective of clinical practice (22). Furthermore, a review of the CMIs of the two most commonly 

used antihypertensive medications during pregnancy in Australia (methyldopa and labetalol) made no 

mention of their indication during pregnancy (23, 242). For methyldopa, it is stated ‘tell your doctor if 

you are pregnant, intend to become pregnant…your doctor will discuss the possible risks and benefits 

of using methyldopa during pregnancy…’ (242). This gives little concrete direction for the mother. 

The CMI for labetalol states in bold ‘Do not take Presolol (labetalol) if you are pregnant. Labetalol 

is not recommended for use during the first trimester of pregnancy as it may affect your developing 

baby. If it is necessary for you to take labetalol later in pregnancy, your doctor will discuss the risks 

and benefits of taking it’ (23). Women reading this would likely to be wary of taking such a 

medication at any stage of their pregnancy, despite a discussion of risk versus benefit with the 

prescriber.  

The variety of formal and informal sources of information available to pregnant women may contain 

conflicting information (234). Hämeen-Anttila performed a multinational Internet-based survey to 

investigate the extent to which pregnant women use multiple information sources and the 

consequences of conflicting information (234). A total of 7,092 responses were analysed, including 

those from Australian respondents, who reported receiving conflicting information more often than 

women in other regions, except for Eastern Europe (234). The authors reported that such conflicting 

information often led to anxiety and the decision to cease the medication (234). They also called for 

more accurate and uniform teratology information to be made available to the public (234). All of the 
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above mentioned studies suggest that health care professionals should be more proactive in asking 

their patients whether they have further questions and providing them with relevant information. 

The community pharmacist is an accessible healthcare professional who may be able to provide 

clarity when it comes to conflicting information about medication safety during pregnancy.  

Ceulemans et al.’s narrative review summarising the evidence on pregnant women’s beliefs, 

medication adherence in pregnancy, and community pharmacists’ counselling during pregnancy (243) 

found that community pharmacists’ counselling was insufficient: insufficient knowledge and limited 

access to reliable information were reported as main barriers hindering pharmacists from providing 

quality counselling on medication use during pregnancy (243). Recently, Shanmugalingam et al. 

carried out a mixed methods quantitative (n=122) and qualitative (n=6) survey of women with recent 

high-risk pregnancy necessitating antenatal prophylactic aspirin, including women who were at high 

risk of developing pre-eclampsia (244). They found that pharmacists were not confident with their 

knowledge regarding HDP, which can result in conflicting advice as observed in a study of adherence 

to aspirin in the prevention of pre-eclampsia by the same author group (245).  

2.7.6 Summary and gaps in the literature  
 

At the commencement of this PhD, after a thorough review of the literature, gaps were identified in 

the understanding of the management of HDP as well as medication use and adherence of pregnant 

women with this condition. Despite several national and international guidelines for the management 

of HDP, in-practice clinical management was not well documented, especially in Australia. 

Understanding in-practice management and identifying potential gaps may assist in optimising patient 

outcomes. Moreover, without a clear picture of the in-practice management, the study of medication 

use and adherence in this population is not complete. This would limit clinical relevance of the 

findings from this thesis.  

Although extensive research has been done in understanding factors affecting adherence to 

antihypertensive medication in the general population, this has not previously been done in pregnant 

women with HDP. Similarly, whilst medication use in general pregnancy has been described, the use 

of medications for HDP, including antihypertensives and low-dose aspirin during pregnancy, has not 

been previously explored in depth.  

 It is important to note that research into the role of pharmacists in the field was not available at the 

commencement of this PhD and is still in its infancy. Pharmacists require further education and 

training to equip them with the knowledge required to provide quality counselling to women during 

pregnancy, especially women with HDP. Research into the field of management of HDP and 

medication use in this population from a pharmacists’ point of view may assist in better 

contextualisation of this information, making it more relevant to the practice of pharmacists. 
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CHAPTER 3 

RETROSPECTIVE COHORT STUDY OF THE 

MANAGEMENT OF HYPERTENSIVE DISORDERS OF 

PREGNANCY 
 

3.1 Introduction 
 

Chapter 2 provided an overview of the literature pertaining to current guidelines, challenges and 

evidence regarding the management of hypertensive disorders of pregnancy (HDP). Although 

there are several international guidelines for the management of HDP, controversies remain 

regarding certain key points of management, including the blood pressure level at which to 

initiate antihypertensive treatment in pregnant women with mild-moderate gestational or chronic 

hypertension, and regarding their timely delivery. Moreover, Chapter 2 showed that there is 

limited research about the in-practice use of antihypertensive medications during pregnancy. 

Most research in this field focuses on specific aspects of the management such as threshold for 

treatment of hypertension during pregnancy, safety of antihypertensive medications during 

pregnancy, and the timing of delivery. Similarly, there are few published studies regarding the 

overall management of hypertensive disorders of pregnancy, especially in Australia.  

This chapter reports the findings from research that has been undertaken on pregnant women with 

HDP with a focus on their management.  

 

The aim of the study reported in this chapter was to evaluate compliance with the Society of 

Obstetric Medicine of Australia and New Zealand (SOMANZ) clinical guidelines for the 

management of hypertensive disorders of pregnancy in a large tertiary Australian maternity 

hospital. 

The specific objectives were: 

(i) To evaluate compliance with SOMANZ 2008 clinical guidelines for management of 

hypertension during pregnancy, specifically: 

a) thresholds for initiation of antihypertensive therapy; 

b) appropriateness of medication regimens; 

c) use of aspirin in women with known risk factors for development of 

PE;  

(ii) To evaluate clinical uptake of findings from the HYPITAT trial (158) regarding induction 

of labour for women with gestational hypertension [GH] or pre-eclampsia [PE] at term; 

and  
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(iii) To describe obstetric and neonatal outcomes in women with chronic hypertension [CH], 

GH and PE according to antihypertensive treatment. 

 

A retrospective cohort study was undertaken to examine the management of women with a 

hypertensive disorder of pregnancy who gave birth at one tertiary maternity hospital in the year 

2010.  

This retrospective study has been published in the Australian and New Zealand Journal of 

Obstetrics and Gynaecology and is reproduced below.  

 

Appendices relevant to this chapter are appendix 1,2,3 and 4. 
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3.2 Published Manuscript: Helou A, Walker S, Stewart K, George J. 

Management of pregnancies complicated by hypertensive disorders of 

pregnancy: Could we do better? Aust N Z J Obstet Gynaecol. 2017;57:253-

59. 
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3.3 Discussion and Summary  

 

The retrospective cohort study provided an insight into the management of HDP. The 

overlooking of low-dose aspirin for the primary prevention of fetal growth restriction and PE was 

evident. This drew attention to the fact that, although low-dose aspirin is a readily accessible 

intervention in the prevention of PE when initiated at an appropriate time point in the pregnancy 

(prior to 16 weeks), only a minority of pregnant women at high risk of developing PE were 

started at an appropriate time point. More recently there has been some debate pertaining to 

primary PE prevention, which entails the administration of aspirin to women who has not had 

previous PE or current chronic hypertension. Atallah et al reviewed the evidence-based 

indications for primary and secondary prevention of pre-eclampsia (246). They reported that 

despite some controversies in the use of aspirin it is clear that low doses of aspirin are effective in 

secondary prevention of pre-eclampsia in high-risk patients, mainly those with a history of 

preeclampsia. Indications for aspirin in primary prevention are a matter of debate, but recent 

publications suggest a strategy based on first-trimester screening of pre-eclampsia (with clinical 

parameters, biomarkers and uterine Doppler measurements) and aspirin administration to high-

risk patients. The usefulness of this strategy is still under evaluation and more data are needed 

before its wider implementation in clinical practice. (246)  

Similarly, prescribing patterns of antihypertensive medication during pregnancy had not been 

previously reported. This cohort showed that Australian guidelines regarding prescription of 

antihypertensive medications during pregnancy are generally well followed, with the majority of 

women receiving a prescription for methyldopa or labetalol.  

At the time of data collection for this phase, the results of the ‘Induction of labour versus 

expectant monitoring for gestational hypertension or mild PE after 36 weeks gestation’ trial 

(HYPITAT) had only been recently published and the recommendation for early induction of 

labour had not yet been updated in the SOMANZ guidelines. Despite this, the retrospective 

cohort study showed that clinicians were mindful of the balance between maternal and fetal risks 

of early induced delivery and provided an early indication from the field that HYPITAT was due 

to make a positive impact on the risk versus benefit balance. This was predictable, as HYPITAT 

was a randomised controlled trial with a sizeable participant number with sufficient statistical 

power. The later SOMANZ 2015 guidelines included the HYPITAT recommendation. 

The retrospective cohort provided clearer understanding of the number of women with 

hypertensive disorders of pregnancy who are prescribed an antihypertensive during pregnancy. 

This helped to inform the number of participants required for Phase 2 of the project, as described 

in Chapters 4, 5, 6 and 7. It was not possible to ascertain patients’ perspectives and behaviours 

regarding medication adherence and clinical management through the retrospective cohort, so a 
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prospective cohort study, encompassing a survey which included a nonadherence scale as well as 

in-depth interviews was required to achieve the aims and objectives of the thesis. 

Furthermore, although the retrospective cohort did not yield substantial results with regard to 

adherence to antihypertensives during pregnancy, there was mention of nonadherence in about a 

dozen medical files, which indicated that nonadherence to antihypertensives was negatively 

impacting on the women’s condition and that optimising adherence may have been a priority for 

some clinicians. This led to the survey reporting the quantitative adherence to antihypertensive 

medication to be presented as the next sub-phase (Chapter 4).  
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CHAPTER 4 

ADHERENCE TO ANTIHYPERTENSIVE 

MEDICATION IN PREGNANCY SURVEY 
  

4.1 Introduction 

 

An observation reported in Chapter 3 indicated that nonadherence to antihypertensives during 

pregnancy suggested a possible problem in this population.  

As there were no published works regarding adherence to antihypertensives during pregnancy at 

the time, there was a need to undertake research to estimate adherence or lack thereof and to 

identify factors influencing adherence or lack thereof in this population. Furthermore, gaining 

knowledge of adherence by this population to antihypertensive medication contributed towards 

gaining an understanding of medication use by pregnant women with hypertensive disorders of 

pregnancy, a thesis objective that is shared with Chapter 5.  

This chapter reports research about adherence to antihypertensive medication during pregnancy 

conducted in pregnant women diagnosed with HDP and prescribed an antihypertensive 

medication at two tertiary maternity hospitals in Melbourne. The aim of this study was to assess 

their adherence to antihypertensive medication and to identify the factors associated with 

adherence or lack thereof. 

A cross-sectional survey, which incorporated a nonadherence scale, was conducted with 100 

pregnant women with a diagnosis of HDP and prescribed an antihypertensive. Self-reported 

reasons for adherence and lack thereof were obtained from the nonadherence scale and were 

supplemented by quotes from in-depth interviews (to be discussed further in Chapters 5 and 6) 

to provide a deeper understanding of the motivations for adherence or lack thereof.  

This manuscript is published in Pregnancy Hypertension: An International Journal of 

Women’s Cardiovascular Health and is reproduced below.  

 

Appendices relevant to this chapter are appendix 5, 6, 7, 8, 9, 12, 13, 14 and 15. 
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4.2 Published Manuscript: Helou A, Stewart K, George J. Adherence to 

anti-hypertensive medication in pregnancy. Pregnancy Hypertens. 

2021;25:230-24. 
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4.3 Discussion and Summary  

 

Nine out of ten pregnant women with a prescription for an antihypertensive were found to self-

report sub-optimal adherence, confirming that prescription of an antihypertensive medication 

during pregnancy does not guarantee adherence. The self-reported reasons for nonadherence gave 

an insight into the challenges of adhering to antihypertensives during pregnancy and showed that 

drivers of adherence to antihypertensives in pregnancy are broader than those reported in adult 

hypertension. This indicates that potential interventions for the optimisation of adherence to 

antihypertensive medication during pregnancy should be customised to pregnancy rather than 

applying common interventions that are used for the adult hypertension population. One such 

intervention is the simplifying of antihypertensive regimens by combining more than one 

antihypertensive into a single tablet. This may not be useful in the pregnant population due to the 

changing nature of the hypertensive disorder and the consequent need for change in 

antihypertensive treatment. Moreover, this study illustrated that the complexity of the medication 

regimen does not influence adherence to antihypertensive medication in pregnant women in the 

same way that it does in the adult hypertensive population. Adherence to antihypertensives during 

pregnancy is instead influenced by the patient’s understanding of risks and will be discussed 

further in the results of the qualitative in-depth interviews in Chapter 5. Asking about risk 

perception in the survey may have strengthened the findings and given a better insight into the 

factors affecting nonadherence. The role of promoting and optimising medication adherence in 

this population is incumbent on health professionals, including pharmacists, general practitioners 

and obstetricians. This is examined further in Chapter 5.  
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CHAPTER 5 

ATTITUDES AND BEHAVIOURS REGARDING 

TREATMENT OF HYPERTENSIVE DISORDERS 

DURING PREGNANCY 
 

5.1 Introduction 
 

Chapter 4 estimated the rate of nonadherence of pregnant women who take antihypertensive 

medication. The survey also identified factors related to their nonadherence. A deeper 

understanding of the beliefs and attitudes of pregnant women towards the treatment of HDP was 

required to fulfil the thesis objective of gaining an understanding of medication use by pregnant 

women with hypertensive disorders of pregnancy, which is shared with the previous chapter.  

This chapter reports research into pregnant women’s attitudes and behaviours towards HDP and 

their treatment, undertaken in pregnant women with a diagnosis of a HDP and a prescription for 

an antihypertensive medication, at two tertiary maternity hospitals in Melbourne. The aim of this 

study was to investigate pregnant women’s attitudes and behaviours towards HDP and their 

treatment, with a focus on providing deeper understanding of factors relating to medication 

adherence.  

In-depth interviews were conducted with a sub-set of participants from the larger Phase 2 study 

(Chapter 1). Thematic analysis was used to discern themes that provided a rich understanding of 

the factors associated with attitudes, behaviours and adherence of pregnant women diagnosed 

with HDP and prescribed an antihypertensive, from the views of the women themselves during 

the pregnancy. 

The results of this study have been reported in a manuscript that has been published in SAGE 

Open Medicine and is reproduced below.  

 

Appendices relevant to this chapter are appendix 5, 6, 7, 8, 10, 12, 13, 14 and 16. 
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5.2 Published Manuscript: “ I wish my body was stronger”: A qualitative 

study of attitudes and behaviours regarding treatment of hypertensive 

disorders of pregnancy. SAGE Open Medicine. 2021;9:1–10.  
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5.3 Discussion and Summary  
 

The information gained by interviewing the women in depth has given a rich understanding of the 

factors associated with the attitudes, behaviours and adherence of pregnant women diagnosed with 

hypertensive disorders of pregnancy and being treated with antihypertensive medication and agents to 

prevent pre-eclampsia, including low-dose aspirin. Sound understanding of the condition, a positive 

risk/benefit balance regarding medication use for HDP, and trust in medical professionals were found 

to contribute to adherence to medication. These factors had not been previously reported in this 

population nor are they identifying factors for optimising adherence to general adult hypertension 

medications. The study also demonstrated that the role of promoting and optimising medication 

adherence in this population is incumbent on health professionals, including pharmacists, general 

practitioners and obstetricians. This information will help to inform future strategies for optimising 

treatment in-practice.  

The in-depth nature of the interviews allowed for a wide breadth of views to be expressed by the 

participating women. This allowed the fulfilment of the thesis objective to not only understand the 

women’s perspectives on adherence to medication, but also to understand their perspectives on the 

clinical management of their HDP. Views of the patient’s clinical management journey were voiced 

and are detailed in the following chapter, Chapter 6.  
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CHAPTER 6 

WOMEN’S EXPERIENCES WITH THE 

MANAGEMENT OF HYPERTENSIVE DISORDERS OF 

PREGNANCY 
 

6.1 Introduction 

Attitudes and behaviours towards the use of medication and adherence were expressed in the in-depth 

interviews and described in the previous chapter, Chapter 5. This gave a deep insight into the factors 

and perceptions associated with medication taking and adherence in women who are prescribed 

antihypertensive medication for the treatment of their HDP. Further to this, the in-depth interviews 

provided an overall view of the experiences of these women with the clinical management of their 

HDP, fulfilling the second part of the third objective of the thesis, which was to understand the 

women’s perspectives on adherence to medication and the management of their hypertensive disorder 

of pregnancy. 

This chapter reports research into the perspectives and experiences of women regarding clinical 

management of their HDP, which was undertaken in pregnant women with a diagnosis of HDP and a 

prescription for an antihypertensive medication at two tertiary maternity hospitals in Melbourne. The 

aim of this study was to investigate pregnant women’s experiences with clinical management of 

hypertensive disorders of pregnancy. 

The in-depth interviews were the same Phase 2 interviews as reported in Chapter 5. Some of the 

themes discerned by thematic analysis were related to attitudes and behaviours towards medication 

use and adherence, whilst the rest were on the topic of clinical management. The women’s 

perspectives about their clinical management gave an overall insight into their experiences, from the 

views of the women themselves during pregnancy.  

The results of this study have been reported in a manuscript that has been published in BMC Health 

Services Research and is reproduced below.  

 

Appendices relevant to this chapter are appendix 5, 6, 7, 8, 10, 12, 13, 14 and 16. 
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6.2 Published manuscript: Pregnant women’s experiences with the management 

of hypertensive disorders of pregnancy: a; qualitative study.  

BMC Health Services Research.2021;21:1292  
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6.3 Discussion and Summary  
 

The experiences of the women demonstrated gaps in clinical management from their point of view. 

This has not been previously reported in the literature. The lack of knowledge surrounding several 

facets of the management of hypertensive disorders of pregnancy led to apprehension in some and a 

lack of comprehension of the seriousness of their condition in others. All women with HDP should be 

given clear and concise information about various facets of HDP management. This allows the 

women to have a clearer understanding of their own situation and potentially be part of decision 

making, especially when there are multiple options. Women who have chronic hypertension and are 

of reproductive age are at higher risk of developing complications of HDP including pre-eclampsia, 

whether or not they are treated with antihypertensive medication. These women should be informed of 

the risks pre-pregnancy and should be routinely offered information regarding these possible 

complications and the need for close BP monitoring, possible antihypertensive treatment and low-

dose aspirin, screening for pre-eclampsia and the possibility of early delivery. Moreover, women of 

reproductive age who have chronic hypertension and are being treated with antihypertensives should 

be advised to change the antihypertensive to a safer alternative when planning pregnancy. This 

conversation can be initiated by the GP or the community pharmacist. This is investigated further in 

the study reported in Chapter 7. Similarly, these women should be given priority to have their initial 

antenatal appointment between 10-12 weeks gestation and be managed by an obstetric model rather 

than a midwifery model alone to allow continuity of high-level care and monitoring of the HDP for 

the safety of both the mother and the baby.  
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CHAPTER 7  

PROSPECTIVE COHORT STUDY OF THE 

MANAGEMENT OF HYPERTENSIVE DISORDERS OF 

PREGNANCY 
 

7.1 Introduction 

 

Unique patient perspectives on various aspects of management of HDP were expressed in the in-depth 

interviews described in Chapter 6. Several gaps in clinical management were voiced from the 

patients’ view. Furthermore, despite national and various international guidelines for the management 

of HDP, controversy remains around the BP threshold for initiation of antihypertensive treatment and 

the target level for BP control in women with mild to moderate chronic or gestational hypertension 

during pregnancy. This was investigated in the large Control of Hypertension In Pregnancy Study 

(CHIPS). Although the BP threshold for initiation of antihypertensive treatment was not agreed upon, 

recommendations for tight BP control (dBP 85mmHg) to reduce incidence of severe hypertension 

during pregnancy were made. Another controversy is that of the timing of delivery for women with 

mild to moderate gestational hypertension or pre-eclampsia. Recommendations were made from the 

large ‘Induction of labour versus expectant monitoring for gestational hypertension or mild pre-

eclampsia after 36 weeks’ gestation’ (HYPITAT) trial for immediate delivery after 36 weeks in 

women with mild gestational hypertension or pre-eclampsia and a single fetus in a cephalic 

presentation. Since then, the national SOMANZ guidelines have incorporated this recommendation, 

but not all international guidelines agree on this point.  

This chapter reports research into the management of the Phase 2 cohort in regard to their HDP. The 

aim of this study was to contextualise the women’s perspectives through documentation of 

management and outcomes. Management was analysed according to the national SOMANZ clinical 

guidelines and two current controversies regarding management of HDP, namely the control of BP in 

mild to moderate chronic or gestational hypertension according to the CHIPS trial and timing of 

delivery according to the HYPITAT trial. This was the first study to analyse a prospective cohort in 

this way.  

The prospective follow-up via medical records allowed recording of BP and management in real time. 

Participants’ medical records were manually reviewed after each appointment, and relevant data were 

extracted. Maternal data included demographics, medical and obstetric history, progression of the 

HDP, including development of moderate to severe hypertension (systolic blood pressure (BP) ≥ 150–

170 mmHg and/or diastolic BP ≥ 100–110 mmHg), severe hypertension (systolic BP ≥ 170 mmHg 
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and/or diastolic BP ≥ 110 mmHg) and PE. Management of the HDP, including use of antihypertensive 

medication, use of aspirin and time of initiation, admission to the Pregnancy Day Assessment Centre 

(PDAC), as well as antenatal hospital admission, were recorded. All 100 participants were followed 

up until delivery and neonatal data were recorded, including gestational age at delivery, birthweight 

and need for special or neonatal intensive care admission. There were no significant relationships 

between adherence and clinical outcomes reported in this study.  

 

This manuscript is under review by Obstetric Medicine and  is reproduced below.  

 

Appendices relevant to this chapter are appendix 5, 6, 7, 11, 12, 13, 17 and 18. 
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7.2 Manuscript: Management of hypertensive disorders of pregnancy in two 

Australian tertiary care maternity hospitals 

 

Under Review by Obstetric Medicine 

 

Management of hypertensive disorders of pregnancy in two Australian 

tertiary care maternity hospitals 

 

Amyna HELOU1, Kay STEWART1, Johnson GEORGE1 

 

1. Centre for Medicine Use and Safety, Faculty of Pharmacy and Pharmaceutical Sciences,  
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CHAPTER 8 

DISCUSSION OF THE MAIN RESEARCH FINDINGS 

AND CONCLUSIONS 
 

8.1 Introduction 
Previous chapters (Chapters  3 to 7) have presented in detail the work undertaken for each phase and 

sub-phase (retrospective cohort study, cross-sectional survey, in-depth interviews and the prospective 

cohort study). This chapter will discuss the main findings in relation to the thesis with some reference 

to the thesis objectives (Section 1.8.1). Section 8.2 gives an overall discussion of the body of work 

included in this thesis. Section 8.3 discusses the key findings of the thesis, including a description of 

their practice implications. Section 8.4 describes what this research adds to current knowledge in the 

field. Section 8.5 acknowledges the strengths and limitations of the studies included in this thesis. 

Section 8.6 puts forward some recommendations in light of the findings of the studies, with future 

research directions outlined in Section 8.7. Section 8.8 presents the conclusions of this thesis. 

8.2 Overview 
The work described in this thesis provides the foundation for better understanding of the management 

of HDP from both hospital system and patient views. It also outlines potential roles for the expansion 

of practice for pharmacists. The role of pharmacists in the management of HDP was largely unknown 

before this research was undertaken. This is despite the fact that HDP affects up to 10% of 

pregnancies in Australia and is a cause of major morbidity and mortality for the mother and her child, 

both during pregnancy and in the long term. Moreover, there was limited research around the clinical 

management of HDP in the hospital system, from both the hospital and patient point of view. Further 

to this, the rate of prescription of antihypertensive medication during pregnancy was not known from 

the existing literature. To address this, the management of women who were diagnosed with HDP at a 

tertiary maternity hospital in Melbourne in one calendar year was examined in the retrospective 

cohort study (Chapter 3). This cohort study provided a solid background of how pregnant women 

with HDP were managed, including the BP threshold for diagnosis, administration of low dose aspirin 

for the secondary prevention of pre-eclampsia, and the timing and mode of delivery; none of which 

had been reported in Australian obstetric literature at the time of publication of the article in Chapter 

3. Furthermore, the cohort study provided an estimation of the number of women who are prescribed 

antihypertensive during pregnancy on an annual basis. Only around 20% of the women had been 

prescribed an antihypertensive for more than four weeks, which was deemed the minimum time to 

assess adherence. This then formed the basis of the sample size number for the Phase 2 project. 

Research into the adherence of pregnant women to antihypertensive medication and the factors related 

to it (or the lack thereof) was also scant. The survey, which included a nonadherence scale, was 
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administered to 100 pregnant women with HDP and a prescription for an antihypertensive as part of 

the Phase 2 prospective cohort study. The estimation of adherence to antihypertensive medication by 

women with any subtype of HDP had not been previously reported in the literature at the time of 

publication of the article in Chapter 4. The survey estimated a self-reported sub-optimal adherence 

rate of 90% but only limited information was given about the factors influencing this behaviour. 

Similarly, although a role for pharmacists in improving adherence did emerge, a further understanding 

of these factors would provide a clearer understanding of how pharmacists and other HCPs may have 

an impact on adherence. In-depth interviews were then utilised in a subset of women to elicit further 

information about the factors affecting adherence or lack thereof (Chapter 5). This chapter gave a 

deeper insight into the beliefs, attitudes and behaviours of pregnant women who are prescribed an 

antihypertensive medication. A breadth of views were voiced by the participating women themselves, 

owing to the nature of the in-depth interviews. Roles for pharmacists, obstetricians and general 

practitioners were identified in promoting and optimising medication adherence in the publication that 

forms part of Chapter 5. The nature of the in-depth interviews also allowed the voicing of opinions 

about the clinical management of the women from their perspective (Chapter 6). A varied scope of 

views came from pregnant women of different ages, parities, stages of pregnancy, as well as HDP 

subtypes and severity. Several gaps were identified in the management of HDP from the perspective 

of the women themselves. The women wanted to be included in management decisions when 

appropriate. The publication that forms part of Chapter 6 also suggested roles for pharmacists, 

obstetricians, midwives and general practitioners in optimising patient management. In particular, this 

chapter identified that pharmacists could assist with the long-term BP follow-up of women after a 

pregnancy complicated by gestational hypertension or pre-eclampsia, due to ongoing increased 

cardiovascular risks. The same women were followed-up in a prospective cohort model (Chapter 7). 

This was important to contextualise the women’s perspectives reported in Chapters 4-6 through 

documentation of management and outcomes. This chapter also identified a role for the pharmacists in 

pre-pregnancy counselling for women with chronic hypertension, including triggering a switch to a 

safer antihypertensive agent during pregnancy.  

Findings from the research presented in this thesis have been published in obstetric, obstetric 

medicine and general medicine journals. The Australian Journal of Pharmacy has also reported on the 

findings from the article in Chapter 4. 

 In this chapter, the overall findings from the thesis are discussed including their significance in the 

field of knowledge and the potential of this research to inform strategies for the optimisation of 

management and medication use in women with HDP through a multidisciplinary team including 

pharmacists to improve the outcomes of the mother and her child both during the pregnancy and in the 

long-term. 
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8.3 Discussion of main research findings 
The retrospective cohort study (Chapter 3) provided an insight into the clinical management of HDP. 

It also fulfilled the objective of providing an understanding of the management of hypertensive 

disorders of pregnancy in the Australian context. This involved investigating clinician compliance to 

Australian guidelines, specifically: BP thresholds for initiation of antihypertensive therapy; 

appropriateness of medication regimens; and use of aspirin in women with known risk factors for 

development of pre-eclampsia. 

 Overall, the Australian SOMANZ guidelines were followed well in terms of appropriateness of 

antihypertensive medication regimens and thresholds for the initiation of antihypertensive therapy. 

There was, however, room for improvement in timely prescription of low-dose aspirin before 16 

weeks of gestation for the prevention of pre-eclampsia. Delayed booking for the first antenatal 

appointment of women with known risk factors for the development of pre-eclampsia was found to 

contribute to this. Ideally, pregnant women with known risk factors for the development of pre-

eclampsia, including those with chronic hypertension, should be seen by a doctor before 12 weeks 

gestation. More recent clinical advice (Chappell et al) is that a sensible approach would be to start 

aspirin before 16 weeks’ gestation, but to still offer it up until 22 weeks (101). This, however, was not 

the recommendation at the time of the study or its publication. 

Triaging of women with known risk factors, namely experience of pre-eclampsia in a previous 

pregnancy or chronic hypertension, to the midwifery care model might also have contributed to the 

oversight of a timely aspirin prescription. The triaging was done by a team of midwives including the 

head midwife and took into consideration the level of risk of pre-existing conditions on the 

pregnancy. The system is based on a three-level risk scale, low, medium and high. Unfortunately, for 

some of the women in the study, chronic hypertension was not noticed as carrying high risk when 

they were triaged to midwifery care and thus missed out on the appropriate management early on in 

the pregnancy. This does not only pertain to the timely prescription of aspirin, but also the close 

monitoring of the fetus and for signs of pre-eclampsia. Similarly, being managed through the 

midwifery model gave the women a false sense of safety and were surprised when they heard that 

they were developing pre-eclampsia or that their hypertension was difficult to control. 

An additional finding related to the management of HDP was the timing of delivery of pregnant 

women with mild gestational hypertension or mild pre-eclampsia. Although the HYPITAT 

recommendation was not yet a recommendation in the SOMANZ guidelines at the time of this study, 

it is important to note that the obstetricians at the studied centre were aware of the HYPITAT trial 

findings and considered them when deciding to induce labour at 37 weeks or continue with expectant 

management. They weighed up the risks versus benefits for both mother and baby, and this resulted in 

minimal severe adverse outcomes.  
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The survey of pregnant women with HDP (Chapter 4), which incorporated a nonadherence scale, 

allowed the estimation of nonadherence to antihypertensive medication during pregnancy and factors 

contributing to it. This fulfilled the second thesis objective, which was to estimate the rate of 

nonadherence to antihypertensive therapy during pregnancy. Rates of nonadherence were found to be 

higher than those reported in the adult hypertensive population. Moreover, the rate was higher than 

that reported in other chronic conditions during pregnancy. There were no published works on 

medication adherence in any gestational condition at the time of this study. The rates of nonadherence 

were found to be similar between women with pre-existing chronic hypertension and gestational 

hypertension. Concerns and reasons for nonadherence to antihypertensives during pregnancy were 

also similar across women with any subtype of HDP. It was found that the nonadherence rates were 

not affected by the common reasons for nonadherence in the general population, such as complexity 

of medication regimen, and instead was influenced by perceptions of risks.    

The in-depth interviews (Chapters 5 and 6) provided a greater insight into the women’s perspectives 

on both adherence to medication and the management of their HDP. This achieved the third objective 

to understand the women’s perspectives on adherence to medication and management of their 

hypertensive disorder of pregnancy. 

The interviews provided a rich understanding of the attitudes, behaviours and adherence of pregnant 

women diagnosed with HDP and prescribed an antihypertensive, from the women themselves during 

their pregnancy. Understanding of HDP and their implications, risks versus benefits of 

antihypertensive medication during pregnancy, and trust in medical professionals were all found to 

influence adherence in this population. These findings were complementary to what was found in 

Chapter 4. Furthermore, attitudes towards monitoring of HDP identified gaps in the management of 

the women from their point of view. This included trust in the hospital system and attitudes towards 

self-monitoring of blood pressure, pregnancy day centre and hospital admissions. Attitudes and 

perceptions towards development and management of complications including pre-eclampsia and 

fetal growth restriction and varied perceptions of pregnant women with chronic hypertension also 

revealed gaps in management from the women’s perspective.  

The prospective cohort study (Chapter 7) documented the management and outcomes of the women 

and thus contextualised the perspectives of the women with regard to the management of their HDP, 

fulfilling the fourth thesis objective. Admissions to the pregnancy day centre were appropriate, 

suggesting that women at risk of pre-eclampsia or worsening hypertension were closely monitored. 

Appropriate rates of antenatal admissions to hospital for the management of severe HDP confirmed 

this finding. The triangulation of the survey, in-depth interviews and the prospective cohort study 

provided a deep understanding of medication use for HDP during pregnancy from the view of both 

patients and the health system. Documentation of management and outcomes also allowed the 
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identification of further gaps that have the potential for improvement. Although clinical guidelines 

were generally well followed, this study highlighted the potential for improvement in the management 

of women with chronic hypertension, which corroborated the perceptions of the women as reported in 

the in-depth interviews. Data from the cohort were analysed in light of two current controversies: 

namely, the target diastolic BP in pregnant women with mild to moderate chronic or gestational 

hypertension treated with antihypertensives (CHIPS); and the timing of delivery for women who have 

reached 36 weeks gestation and have mild to moderate gestational hypertension or pre-eclampsia 

(HYPITAT).  

8.4 The significance of this research 
Only a limited and incomplete body of evidence on medication use and adherence of pregnant women 

with HDP from their perspective was available when this PhD commenced. Moreover, research 

regarding in-practice clinical management, from both the health system and patient perspectives, was 

also limited. The findings of this PhD thesis add to current knowledge and evidence within published 

literature surrounding medication use and management for HDP. The retrospective cohort study 

confirmed that local clinical management guidelines were largely being followed; however, there was 

an oversight in the timely prescription of low-dose aspirin for pregnant women who were at high risk 

of developing pre-eclampsia, including women with chronic hypertension. The rate of uptake of 

prescription of low-dose aspirin for these women was 12%. This had previously only been estimated 

by expert opinion (247). Similarly, this low uptake of prescription has more recently contributed to 

research into alternative approaches to pre-eclampsia screening and prevention, including the use of 

biomarkers in treatment algorithms (248). The finding that the clinicians were delaying the timing of 

delivery in pregnant women with mild gestational hypertension or pre-eclampsia as per the HYPITAT 

trial (158) was an early indication from the field that clinicians appropriately consider the likely 

maternal risk compared to infant risk in each individual case. Subsequently, this was a 

recommendation of HYPITAT-II (249) that had not been previously reported at the time of 

publication of this research.  

The survey estimated nonadherence to antihypertensive medication during pregnancy. The findings 

suggested that self-reported adherence to medication during pregnancy is low (32, 33). Moreover, 

pharmacists are only involved with the dispensing of antihypertensive medication with limited 

interaction with pregnant women either pre-conception or during pregnancy. This study identified a 

role for pharmacists in the optimisation of medication adherence during pregnancy.  

The in-depth interviews gave a deep and an innovative perspective on medication use, adherence and 

clinical management of HDP from the patient’s view. Factors associated with the attitudes, behaviours 

and adherence of pregnant women diagnosed with HDP and being treated with antihypertensive 

medication and agents to prevent pre-eclampsia, including low-dose aspirin, were further examined. 
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The role of pharmacists in promoting and optimising medication adherence was reiterated in this 

phase of the study. This was also found to be incumbent on general practitioners, obstetricians and 

obstetric physicians during pregnancy. The women’s views on clinical management gave a unique 

insight into how they interpreted medical management of a high-risk pregnancy. The demonstration of 

gaps in clinical management from their perspective informed the need to consider the patient view in 

the management of HDP. These findings supported evidence found in the literature which 

investigated other facets of HDP management (250, 251). The study identified a need for pharmacists 

to play an active role in the education of women who have chronic hypertension and are of 

reproductive age. Timely review and modification of antihypertensive medication, if appropriate to a 

safer alternative, when planning pregnancy is imperative. Pharmacists can also assist with BP 

monitoring during pregnancy for women with any subtype of HDP. The study also recognised the 

ongoing role that the pharmacist can play in monitoring BP postpartum for women who have had 

gestational hypertension or pre-eclampsia during pregnancy. This assists education of the patient 

about their future cardiovascular risk and the timely diagnosis of potential chronic hypertension, 

supporting evidence from recent studies (182, 252) and a recent scientific statement from the 

American Heart Association (253). 

The prospective study contextualised the patients’ views and clinical outcomes and reaffirmed the 

need to focus on the timely switch of antihypertensive to a safer alternative in women with chronic 

hypertension. The clinical guidelines (6) mention the need for an obstetric care model to manage 

women with chronic hypertension, regardless of the need for antihypertensive treatment. The 

guidelines acknowledge the importance of a team approach, especially the role of midwives, along 

with obstetricians and obstetric physicians to provide the best chance of optimal outcomes for mother 

and baby (6). It is therefore important that women with HDP be managed by the appropriate model of 

care.  

8.5 Strengths and limitations 
The strengths of this PhD project include the provision of an overall understanding of the 

management and medication use during HDP from the perspective of a pharmacist. This work is the 

first to investigate the in-practice clinical management of HDP in an Australian context. It is also the 

first to quantify the uptake of timely prescription of low-dose aspirin for the prevention of pre-

eclampsia in women at risk of developing the condition, a rate that was previously estimated by 

experts in the field. Approximately 20% of pregnant women with HDP get treated with anti-

hypertensive medication during pregnancy, a rate that was not previously reported and assisted in 

gaining an understanding of medication use by women with HDP, especially from a pharmacist’s 

perspective. Furthermore, adherence and barriers to medication adherence during HDP were studied 

using both quantitative and qualitative means. To the best of my knowledge, this had not been 

previously studied in-depth. Knowing that a sound understanding of the condition, a positive 
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risk/benefit balance regarding antihypertensive medication use during pregnancy, and trust in the 

health care professional contribute to adherence not only has the potential to inform future 

interventional studies, but also improve pharmacy practice. Additionally, the knowledge of HDP 

treatment and management is not well known amongst pharmacists. The research reported in this 

thesis has the capacity to bridge the gap as it indicates practical ways in which pharmacists may be 

part of the optimisation of HDP management, especially during the pre-conception and the long-term 

postpartum periods. 

The research was limited by funding and time. Only two tertiary maternity sites were studied, both of 

which were in Victoria, therefore the extrapolation to other settings should be with caution. Given the 

geographical distance to a third site, especially in the absence of sufficient staffing for recruitment, 

adding another site for the prospective study was prohibitive. Hence the prospective study was not 

able to be powered to detect differences in clinical obstetric and neonatal outcomes. Similarly, a larger 

sample size may have assisted in detecting statistically significant differences between adherent and 

non-adherent groups, assuming that more women would self-report optimal adherence. Unlike some 

countries, Australia does not have a prescription record database across primary and 

secondary/tertiary care settings that is easily available. Although the literature review (Chapter 2) 

was not written as a systematic review, it did examine a broad array of topics related to the 

management of hypertensive disorders of pregnancy and medication use in pregnancy to provide a 

narrative overview of the field of research that was undertaken as part of this thesis. Such a systematic 

review was beyond the scope of this thesis. However, a systematic review of these two broad topics 

seperately would be important for future research. Survey administration was done in person and on 

paper as online surveys were not commonplace at the time of recruitment. Although the Phase 2 

participants were from various cultural backgrounds, the exclusion of non-English speaking women, 

including newly arrived Australians and women from refugee backgrounds made it difficult to 

extrapolate the results to the whole of the maternal population in Melbourne. Lastly, all the studies 

were observational in nature and were not controlled for many potential confounding factors. 

Designing and implementing interventions targeting the issues identified in the retrospective and 

prospective studies were beyond the scope of the PhD project. 

8.6 Recommendations 
The results of this thesis highlight some points that should be considered when designing an 

intervention model for optimising HDP management - pre-conception, during pregnancy and in the 

long-term postpartum. There are implications for various healthcare professionals including 

community pharmacists, obstetricians, obstetric physicians, midwives, GPs and cardiologists. 

Primarily, better collaboration and involvement of these healthcare professionals needs to be 

established for managing HDP during pregnancy and beyond. The women themselves should also be 

given an opportunity to contribute to decision making in various aspects of HDP management 
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including appropriateness of antihypertensive treatment, close monitoring of HDP, timing and mode 

of delivery, as well as long term follow-up.  

This research has revealed two main stages of HDP management where both the community 

pharmacist and the GP can play a role in optimising management. The first is pre-conception in a 

woman of reproductive age who has chronic hypertension. This is especially important as the timing 

of the initial antenatal appointment can be after 16 weeks gestation in many cases. The GP and 

pharmacist can educate these women about: 

• the potential risks of pregnancy so that they can be aware and vigilant, 

• the importance of close monitoring and optimal BP control during pregnancy, 

• the signs of pre-eclampsia, and 

• the importance of adherence to antihypertensives if prescribed. 

The GP can initiate low dose aspirin in a pregnant women with chronic hypertension before 16 weeks 

for the prevention of pre-eclampsia. Pharmacists should be aware of this indication and be equipped 

to counsel women about this role of aspirin during pregnancy. The pharmacist is also in a position to 

initiate the switch of an antiypertensive to a safer alternative, pre-conception, in collaboration with the 

woman’s GP.  

The second stage is in the long-term postpartum period. Education about the future cardiovascular risk 

in pregnant women who had gestational hypertension or pre-eclampsia should be offered, firstly by 

the obstetrician and then followed up by GPs and pharmacists. Both of these community-based HCPs 

can integrate the long term follow-up of BP for these women in their existing practice. Unfortunately, 

this does not currently take place. There needs to be a system where these women are identified. This 

can initially be done via the discharge summary that the GP receives postpartum. The patient is then 

categorised as having had gestational hypertension or pre-eclampsia, BP should be checked at each 

routine GP visit, and by referral to community pharmacist if more frequent BP checks are required. 

(This is discussed further in section 8.7.) Any future referral to a cardiologist should acknowledge the 

history of gestational hypertension or pre-eclampsia, a point raised by cardiologists at the Victorian 

Heart Institute (254).  

Role expansion and upskilling for community pharmacists via continuing professional development 

by HCPs (including pharmacists) who have knowledge of the management of HDP and current 

resources is required. Knowledge and use of resources, including the SOMANZ guidelines (6) and the 

Australian Medicines Handbook (142), would assist pharmacists to counsel on antihypertensive use 

during pregnancy, use of aspirin during pregnancy and BP monitoring both during pregnancy and in 

the long term. Including a short module about pharmacists’ roles in HDP management (that have been 
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outlined in this thesis) either in the undergraduate Bachelor of Pharmacy course or the intern program 

would also equip new pharmacy graduates with the appropriate knowledge.  

The obstetricians, obstetric physicians and midwives should inform any women with HDP of the 

importance of close monitoring, optimal BP control during pregnancy, signs of pre-eclampsia, timing 

and mode of delivery and other facets of HDP management. This information should be 

communicated clearly to women with any subtype or severity of HDP, with an opportunity to ask 

questions and be part of the decision- making. The importance of adherence to antihypertensives, if 

prescribed, should also be emphasised. Inclusion of the hospital pharmacist with regard to 

optimisation of adherence, even in an outpatient setting, is also recommended.  

Self-monitoring of BP should be encouraged by all healthcare professionals, including pharmacists, 

during pregnancy and beyond to encourage BP control postpartum in women with chronic 

hypertension and prevent severe cardiovascular events. This may also be used as a means for BP 

follow-up for women who had gestational hypertension or pre-eclampsia. 

 

 8.7 Future research directions  
This thesis identified several areas of potential future research to better understand the best ways to 

optimise HDP management and medication use. Firstly, larger longitudinal cohort studies to detect 

statistical differences between clinical management and maternal and neonatal outcomes to enable the 

design of interventional models to optimise management are required. Further research into the causes 

of pre-eclampsia to assist in early diagnosis and timely management of women developing the 

condition, with a focus on including the patient in the conversation. Continuing research into 

biomarkers for the early detection of pre-eclampsia will not only assist in the early management of 

pre-eclampsia, but will also remove a lot of the anxiety associated with developing this condition. 

Additional qualitative research, including follow-ups at various stages of pregnancy to explore 

patients’ perspectives and behaviours regarding self-monitoring of blood pressure, biomarker 

screening for pre-eclampsia, use of antihypertensive medication during breastfeeding and follow up 

for future cardiovascular risk are also required. Intervention studies, including RCTs of tools (e.g. 

consumer medicines information) and models of care incorporating patient perspectives, working 

towards having patient involvement in decision-making. This can involve work with the TGA to 

change the wording of the pregnancy labelling and Consumer Medicines Information leaflets, 

rendering the information more useful for the women.   

Research into the readiness of pharmacists for education and integration into the care of women with 

HDP or a history of HDP is also required. Further to the recommendations for role expansion of 

pharmacists in section 8.6, research into an integrated model involving the GP, pharmacist and patient 

is required for the optimal reduction of cardiovascular risks in the long term postpartum. There are 

many facets of research required for this model. Firstly, research into the accuracy and quality of the 
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information that is received by the GP in the discharge summary with regard to gestational 

hypertension or pre-eclampsia is required. Collaboration between the GP and the community 

pharmacist should also be explored. Involving the patient in the follow-up, giving options of self-

monitoring of BP and educating about the potential cardiovascular risks would also inform this model. 

Research into the possibility of making this a patient-centred model may also make this more feasible 

for the women to follow.  

 

8.8 Conclusions 
This thesis has identified evidence of gaps in the management of pregnant women with HDP. An 

increased focus by GPs and community pharmacists on women of reproductive age who have chronic 

hypertension is required. The women need to be made aware of potential risks during pregnancy to 

allow them to make informed decisions about their management and medication adherence, if they are 

prescribed antihypertensive treatment. Timely switching of the antihypertensive to an agent that is 

safer in pregnancy, timely booking of first antenatal hospital appointment, timely prescription of 

aspirin for the prevention of pre-eclampsia, and close monitoring of BP and signs of pre-eclampsia 

throughout the pregnancy through an interdisciplinary obstetric model of care is warranted. Moreover, 

women with gestational hypertension or pre-eclampsia during pregnancy should be informed of the 

potential for future cardiovascular risks. Plans for BP follow up postpartum should be made in 

collaboration with the women’s GP and community pharmacist. Finally, empowerment of all women 

with HDP to take an active role in their cardiovascular health may potentially improve outcomes in 

subsequent pregnancies and general health outcomes postpartum. 
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Appendix 10 – Interview topic guide Mercy Hospital for Women  
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