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Worldwide mortality due to Hypertensive 
disorders in Pregnancy

Haemorrhage

Hypertensive disorders

Sepsis

Abortion

Embolism

Other

Jay, Lancet 2014



Maternal mortality (AUS)

• 2008-2012: 9 out of 49 maternal deaths due to preeclampsia

AIHW 2015

Reporting period Number of deaths Maternal mortality ratio
(per 100000 women who 
gave birth)

2000-2002 5 0.7

2003-2005 6 0.8

2006-2010 6 0.4

2008-2012 9 0.6



Preeclampsia and eclampsia NSW

Thornton and Hennessy. AJOG 2013





Outline

• Hypertension in Pregnancy – subtypes
• Preeclampsia

• Epidemiology
• Pathogenesis
• Diagnosis
• Prediction
• Management/Treatment
• Prevention
• Long term effects

• Pre-existing hypertension
• Gestational hypertension
• White coat hypertension





Uptodate



Uptodate, placental images courtesy TI Alahakoon.



Changes in renal haemodynamics during 
pregnancy

Chapman, Schrier, KI 1998, Tihtonen BJOG 2006, Davison, Scand J Clin Lab Invest 1984, Dennis Anesthesia 2012

PREECLAMPSIA
Increase MAP
Increase CO
Increase SVR





Zeisler H et al. N Engl J Med 2016;374:13-22.

PROGNOSIS study

An sFlt-1:PlGF ratio of 38 or lower 
can be used to predict the short-
term absence of preeclampsia in 
women in whom the syndrome is 
suspected clinically.

e.g. new onset hypertension,
Proteinuria, epigastric pain

Role in clinical care still 
not clearly defined



Lena Ho et al. Science 2017;science.aam6607

Elabela and preeclampsia

• ELABELA (ELA), an endogenous 
ligand of the apelin receptor is a 
circulating hormone secreted by 
the placenta.

• ELA, which is abundant in human 
placentas, increases the 
invasiveness of trophoblast-like 
cells, suggesting that it enhances 
placental development to prevent 
PE.

• Endogenous ELA prevents 
preeclampsia and exogenous ELA 
administration rescues PE 
symptoms in Ela-deficient mice.



Outline

• Hypertension in Pregnancy – subtypes
• Preeclampsia

• Epidemiology
• Pathogenesis
• Diagnosis
• Prediction
• Management/Treatment
• Prevention
• Long term effects

• Pre-existing hypertension
• Gestational hypertension
• White coat hypertension



Revised definition of 
Preeclampsia by ISSHP 2014
Hypertension developing after 20 weeks gestation and the coexistence of 
one or more of the following new onset conditions:
1. Proteinuria
2. Other maternal organ dysfunction:

renal insufficiency (creatinine >90 umol/L)
liver involvement (elevated transaminases and/or severe right upper quadrant or 

epigastric pain)
neurological complications (examples include eclampsia, altered mental status, 

blindness, stroke, or more commonly hyperreflexia when accompanied by clonus, 
severe headaches when accompanied by hyperreflexia, persistent visual scotomata)
haematological complications (thrombocytopenia, DIC, haemolysis)

3. Uteroplacental dysfunction
foetal growth restriction

Tranquilli et al, Pregnancy Hypertension 2014



Rationale for statement

• Fall in use of mercury devices
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• White coat hypertension increasingly recognised

• Recognition that biomarkers may form part of diagnosis of PE 
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Pitfalls/inaccuracies

• Degree of proteinuria not important (except with underlying 
proteinuric CKD)

• Known (uncommon) cases of PE without hypertension

Tranquilli et al, Pregnancy Hypertension 2014
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Prediction

• clinical risk factors most commonly used

• interest in
• biomarkers e.g. angiogenic factors

• uterine artery doppler

• potential drawbacks
• low positive predictive value

• validation of predictive equations in different populations

• expense, quality assurance with extra testing

• interventions available



American Society of O&G recommendations

• Taking a detailed medical history to evaluate for risk factors is currently the 
best and only recommended screening approach for preeclampsia; it 
should remain the method of screening for preeclampsia until studies show 
that aspirin or other interventions reduce the incidence of preeclampsia for 
women at high risk based on first-trimester predictive tests.

• Current predictive tests for preeclampsia may harm more women than 
they benefit because of their low positive predictive value (PPV). These 
tests require a large number of women to be identified as high risk and to 
potentially undergo intensive surveillance in order to detect one case of 
early-onset preeclampsia.

• The American College of Obstetricians and Gynecologists does not 
recommend screening to predict preeclampsia beyond obtaining an 
appropriate medical history.

Obstetrics and Gynecology Sept 2015



NICE guidelines 2010

• Advise pregnant women of their risk of developing hypertensive disorders during pregnancy and 
of the need to seek immediate advice from a healthcare professional if they experience 
symptoms of pre-eclampsia (severe headache; problems with vision, such as blurring or flashing 
before the eyes; severe pain just below the ribs; vomiting; sudden swelling of face, hands, or 
feet).

• Risk factors for pre-eclampsia: 
• Moderate risk    Age 40 years or more    First pregnancy    Multiple pregnancy    Interval since last pregnancy of more 

than 10 years    Body mass index of 35 or more at presentation    Family history of pre-eclampsia

• High risk    Chronic hypertension    Chronic kidney disease    Hypertensive disease during a previous pregnancy    
Diabetes    Autoimmune disease    

• Advise women with at least one high risk factor for pre-eclampsia or at least two moderate risk 
factors for pre-eclampsia to take 75 mg of aspirin daily from 12 weeks until the birth of the baby. 
[Based on high quality evidence from meta-analyses of randomised controlled trials and a health 
economic model developed for the guideline]



Fetal medicine foundation

Algorithm using combination of
• maternal clinical features

• PAPP-A or sFLT-1

• PlGF

• uterine doppler

https://www.fetalmedicine.org/research/assess/preeclampsia



Accuracy of second trimester prediction of preterm preeclampsia by three different screening algorithms

Australian and New Zealand Journal of Obstetrics and Gynaecology
29 AUG 2017 DOI: 10.1111/ajo.12689
http://onlinelibrary.wiley.com/doi/10.1111/ajo.12689/full#ajo12689-fig-0001

http://onlinelibrary.wiley.com/doi/10.1111/ajo.12689/full#ajo12689-fig-0001


Systematic review of angiogenic factors to 
predict preeclampsia
• 22 case-control and 12 cohort studies of PlGF, VEGF, sFLT1, or sEng alone or 

in combination in the blood of pregnant women <30 weeks of gestation 
and before clinical onset of preeclampsia, 

• test performance was too poor to recommend use of these tests for 
screening

• The concentrations of PlGF and VEGF were lower in women who developed 
preeclampsia and the concentrations of sFLT1 and sEng were higher in 
these women; the summary diagnostic odds ratios (ORs) were: PlGF 9.0 
(95% CI 5.6-14.5), sFLT1 6.6 (95% CI 3.1-13.7), sEng 4.2 (95% CI 2.4-7.2), 
which correspond to sensitivities of 32, 26, and 18 percent, respectively, 
with a 5 percent false-positive rate. However, when assessed by gestational 
age, most of the markers did not perform well in the first half of pregnancy 
and had better performance after 30 weeks.

EBM Connect collaboration, BJOG 2012



US Preventive Services Task Force

• Evidence to estimate benefits and harms of preeclampsia screening 
and the test performance of different screening approaches over the 
course of pregnancy was limited. The USPSTF recommends screening 
for preeclampsia in pregnant women with blood pressure 
measurements throughout pregnancy. 

• Externally validated risk prediction models had limited applicability 
and lacked calibration and clinical implementation data needed to 
support routine use. 

• Evidence reviewed up to October 2016

JAMA 2017
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Management

• Delivery - not too early, not too late

• Magnesium sulfate to reduce risk of eclampsia

• Antihypertensive therapy

• Fetal/maternal monitoring

• Antenatal steroids if <34/40

• No benefit extending pregnancy beyond 37/40 



Changes in maternal circulating sFlt-1 levels (pg/mL) 

(A), protein-creatinine ratio (g/g) (B), and blood 

pressure (mm Hg) (C) in patient 3 over the course of 

23 days of inpatient hospitalization starting at 

gestational age 27 weeks+4 days. 

Thadhani R et al. Circulation 2011;124:940-950

Pilot Study of Extracorporeal Removal of Soluble 

Fms-Like Tyrosine Kinase 1 in Preeclampsia

by Ravi Thadhani, Tuelay Kisner, Henning Hagmann, Verena Bossung, Stefanie 

Noack, Wiebke Schaarschmidt, Alexander Jank, Angela Kribs, Oliver A. Cornely, 

Claudia Kreyssig, Linda Hemphill, Alan C. Rigby, Santosh Khedkar, Tom H. Lindner, 

Peter Mallmann, Holger Stepan, S. Ananth Karumanchi, and Thomas Benzing

Circulation

Volume 124(8):940-950

August 23, 2011



Placental Growth Factor Reduces Blood Pressure in a 

Uteroplacental Ischemia Model of Preeclampsia in 

Nonhuman Primates

Angela Makris, Kristen R. Yeung and Annemarie Hennessy et al. Hypertension, May 11, 2016
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Pravastatin prolonged pregnancies significantly after 
the onset of PE (median, 13 weeks; IQR, 10–15) 
compared with those women who did not receive 
pravastatin (median, 4.5 weeks; IQR, 2–6; P < 0.01)
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Prevention

• Aspirin

• Calcium

• Heparin

• Blood pressure management

• Diabetes management



Aspirin - rationale

• Pregnancy: Increase in 
prostacyclin synthesis

• PIH: No increase in prostacyclin 
synthesis

• Aspirin (low dose): Reduction in 
thromboxane synthesis without 
reduction in prostacyclin 
synthesis

PGF1⍺

Figure adapted from http://www.cvphysiology.com/Blood%20Flow/BF013.htm



Prostacyclin synthesis impaired in PIH

Fitzgerald, Circulation 1987



Effect of the Administration of Placebo or Aspirin (ASA) on Thromboxane and Prostacyclin synthesis in Women 
at Risk for Pregnancy-induced Hypertension.

Benigni A et al. N Engl J Med 1989;321:357-362.



Aspirin

• Multiple (>30) studies including at least 4 large meta-analyses

• Benefit (RR 10-15%, NNT >100) in high risk groups
• type 1 diabetes
• renal disease
• hypertension
• positive AII infusion/rollover test

• Reduces PE, premature birth, IUGR, perinatal death

• No proven harms

• Start before 16 weeks, cease 1 week before delivery or 36/40

• Studies limited in numbers of high risk patients recruited



ASPRE study

• 1776 women at high risk of preterm preeclampsia as defined by a 
multimodal algorithm (PAPP-A, PlGF, uterine doppler, clinical 
characteristics)

• Multiple centres (EU)
• Primary outcome – preterm preeclampsia associated with delivery <37/40
• Aspirin: night time, 150 mg daily, started 11-13+6/40 until 36/40 or delivery 

vs placebo
• 85% adherence
• Preterm preeclampsia occurred in 13 participants (1.6%) in the aspirin 

group, as compared with 35 (4.3%) in the placebo group (odds ratio in the 
aspirin group, 0.38; 95% confidence interval, 0.20 to 0.74; P=0.004).

• Generalisability a discussion point: use of algorithm not widely available



Timing of aspirin
Review Type of analysis Number of trials Number of 

women
Results for 
outcome 
preeclampsia
RR (95% CI)

Subgroup 
interaction test

PARIS data set, 
2017

Individual 
participant data
meta-analysis

<16 wks: 17
≥16 wks: 22

<16 wks: 9241
≥16 wks: 21,429

<16 wks: RR, 0.90 
(0.79–1.03)
≥16 wks: RR, 0.90 
(0.83–0.98)a

No significant 
difference (P = 
.98)a

Xu et al, 2015 Aggregate data
meta-analysis

≤16 wks: 7
>16 wks: 14

≤16 wks: 1165
>16 wks: 3241

≤16 wks: OR, 0.37 
(0.27–0.50)
>16 wks: OR, 0.77 
(0.62–0.97)

No significant 
difference (P = 
.05)a

Roberge et al, 
2013

Aggregate data
meta-analysis

≤16 wks: 13
>16 wks: 20

≤16 wks: 1479
>16 wks: 10,673

≤16 wks: RR, 0.47 
(0.36–0.62)
>16 wks: RR, 0.78 
(0.61–0.99)

Significant 
difference (P < 
.01)

Meher et al AJOG 2017

http://www.sciencedirect.com.ezproxy1.library.usyd.edu.au/science/article/pii/S0002937816309115?_rdoc=1&_fmt=high&_origin=gateway&_docanchor=&md5=b8429449ccfc9c30159a5f9aeaa92ffb#tbl1fna
http://www.sciencedirect.com.ezproxy1.library.usyd.edu.au/science/article/pii/S0002937816309115?_rdoc=1&_fmt=high&_origin=gateway&_docanchor=&md5=b8429449ccfc9c30159a5f9aeaa92ffb#tbl1fna
http://www.sciencedirect.com.ezproxy1.library.usyd.edu.au/science/article/pii/S0002937816309115?_rdoc=1&_fmt=high&_origin=gateway&_docanchor=&md5=b8429449ccfc9c30159a5f9aeaa92ffb#tbl1fna


Aspirin at night?

Ayala, Chronobiology International 2013

• RCT single centre high risk 
pregnancy service in Spain

• 350 women
• Exclusions included pre-existing HT 

and “kidney failure”
• 6 groups (placebo vs aspirin, 

awakening, 8h after awakening, 
bedtime

• 12-16/40



Dose of aspirin
Recommendations vary 
between 60 to 150 mg/d 
aspirin

Dose relationship apparent

Dose of aspirin 100 mg/day 
may be best

Insufficient evidence to 
recommend >100 mg/day

No RCT evidence however

Roberge, AJOG 2017



Guidelines – what do they say?
Guideline Statement Population

US 
preventive 
taskforce, 
Ann Intern 
Med 2014

Aspirin 81 
mg daily 
from 12 
weeks

Women at high risk are those with any of the following:
• Previous pregnancy with preeclampsia, especially early onset 

and with an adverse outcome
• Multifetal gestation
• Chronic hypertension
• Type 1 or 2 diabetes mellitus
• Chronic kidney disease
• Autoimmune disease (antiphospholipid syndrome, systemic 

lupus erythematosus)



Guideline Statement Population

NICE 
guidelines, 
Jan 2011

Aspirin 75 
mg daily 
from 12 
weeks until 
the birth of 
the baby

Women at high risk are those with any of the following:
•  hypertensive disease during a previous pregnancy
•  chronic kidney disease
•  autoimmune disease such as systemic lupus erythematosis or 
antiphospholipid syndrome
•  type 1 or type 2 diabetes
•  chronic hypertension.
Advise women with more than one moderate risk factor for pre-
eclampsia to take 75 mg of
aspirin*  daily from 12 weeks until the birth of the baby. Factors 
indicating moderate risk are:
•  first pregnancy
•  age 40 years or older
•  pregnancy interval of more than 10 years
•  body mass index (BMI) of 35 kg/m²  or more at first visit
•  family history of pre-eclampsia
•  multiple pregnancy.

ACOG, 
2013

Aspirin 60-
80 mg

women with a history of early onset preeclampsia or superimposed 
preeclampsia and delivery at <340/7ths weeks of gestation or 
preeclampsia in >1 pregnancy



Guideline Statement Population

JCOG, 2008 
(Canada)

Aspirin 75-100 mg daily 
should be administered at
bedtime, (I-B) starting pre-
pregnancy or from diagnosis 
of
pregnancy but before 16 
weeks’ gestation, (III-B) and 
continuing
until delivery. (I-A) 

Previous preeclampsia
Anti-phospholipid antibodies
Pre-existing hypertension or booking diastolic 
BP  >90 mmHg
Pre-existing renal disease or booking 
proteinuria
Pre-existing diabetes mellitus
Multiple pregnancy
Maternal age > 40 years 
Obesity (BMI  35 kg/m2)
Family history of preeclampsia (mother/sister)
First ongoing pregnancy
Inter-pregnancy interval  10 years
Booking sBP >130 mmHg, or >80 mmHg

SOMANZ, 
2008

low dose aspirin. In most 
cases, aspirin may be ceased 
at 37 weeks gestation 
although continuation 
beyond this period is not 
unsafe. 

“increased risk” including diabetes and other 
factors



Anticoagulation

• no large RCT’s

• 2016 meta-analysis using individual patient data from eight 
randomized trials of low-molecular-weight heparin (LMWH) therapy 
versus no LMWH for women with any prior placenta-mediated 
pregnancy complications (term or preterm preeclampsia, late 
pregnancy loss, placental abruption, birth of a small for gestational 
age [SGA] neonate), the intervention did not significantly reduce the 
incidence of the primary composite outcome (early-onset or severe 
preeclampsia, SGA infant <5th percentile, abruption, pregnancy loss 
≥20 weeks of gestation): 62/444 (14 percent) versus 95/443 (22 
percent), absolute difference -8 percent, 95% CI -17.3 to 1.4, relative 
risk 0.64, 95% CI 0.36-1.11does not reduce PE or eclampsia

Rodger Lancet 2016 



EPPI trial

• AUS/NZ study in 3 centres

• Inclusion criteria: (1) previous preeclampsia delivered <36+0 weeks in their last ongoing 
pregnancy reaching >12 weeks; or (2) previous SGA infant <10th customized birthweight 
percentile delivered <36+0 weeks in their last ongoing pregnancy reaching >12 weeks 
with no major fetal anomaly; or (3) previous SGA infant ≤3rd customized birthweight 
percentile delivered at any gestation in their last ongoing pregnancy reaching >12 weeks 
with no major fetal anomaly. 

• Exclusion criteria: need for anticoagulant use in pregnancy such as previous thrombosis 
or antiphospholipid syndrome; previous successful pregnancy with LMWH treatment; 
multiple pregnancy; known preexisting type 1 or 2 diabetes; renal disease (with serum 
creatinine >150 umol/L); thrombocytopenia (platelet count <80 × 109/L); or known 
major fetal anomaly/chromosomal abnormality.

• Enoxaparin 40 mg/day 6/40-16/40 until 36/40 or delivery, in addition to usual care 
(aspirin, Ca, high risk service)

• No effect on rates of preeclampsia

Groom, AJOG 2017



Calcium

• Populations with high ca intake have low rates of PE

• Ca reduces SMC contractility and improves utero-placental blood flow

• Beneficial in populations at high risk of PE or with low calcium intake

• No benefit in general population

• Recommended dose 1500-2000 mg calcium/day



Hofmeyr, Cochrane 2010



Hofmeyr, Cochrane 2010



Prevention - unproven

• antioxidants (vitamin C and E)

• fish oil

• vitamin D
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“Stress test” for cardiovascular health

• 16% recurrence of preeclampsia
• 12% recurrence of hypertension in subsequent pregnancy
• 8 x hazard ratio of CV death if preterm preeclampsia

• Heart failure (RR 4.19, 95% CI 2.09-8.38)
• Coronary heart disease (RR 2.50, 95% CI 1.43-4.37)
• Death from cardiovascular disease (RR 2.21, 95% CI, 1.83-2.66)
• Stroke (RR 1.81, 95% CI 1.29-2.55) 

• ESKD relative risk 4.7 (3.6-6.1)

Vikse NEJM 2008, Irgens BMJ 2001, Wu Circ Cardiovasc Qual Outcomes 2017



Pre-existing hypertension, gestational 
hypertension and white coat hypertension
• Pre-existing hypertension

• BP high <20/40 or before pregnancy
• Increasingly common
• 20% develop superimposed preeclampsia

• Gestational hypertension
• BP high >20/40 
• No proteinuria or other features of pre-eclampsia
• Fraction progress to preeclampsia

• White coat hypertension
• ¼ of hypertension in pregnancy have a component of this
• ABPM or HBPM very important



CHIPS trial

• Multicentre open trial (including 6 centres in Australia)

• >14/40 with preexisting or gestational hypertension

• Diastolic BP<100 vs 85

• Exclusion criteria included BP>160/105 and kidney disease/diabetes

• Labetolol suggested 1st choice BP agent

• Primary outcome: composite of pregnancy loss (defined as miscarriage, 
ectopic pregnancy, pregnancy termination, stillbirth, or neonatal death) or 
high-level neonatal care (defined as greater-than-normal newborn care) for 
more than 48 hours until 28 days of life or until discharge home, whichever 
was later.

• No significant difference in primary outcome

Magee LA et al. N Engl J Med 2015;372:407-417.



Magee LA et al. N Engl J Med 2015;372:407-417.



Summary

• Disordered angiogenic factor imbalance leading to endothelial injury 
and increased vascular permeability

• Prediction and preventive strategies suboptimal

• Cornerstone of management remains antenatal surveillance

• Significant need to understand underlying triggers/cause of 
preeclampsia


