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The underlying pathophysiology of maternal hypertension is not yet fully understood, though the
most accepted hypothesis relates to the release of placental factors into the maternal circulation,
from which arises endothelial dysfunction and intravascular inflammation. B-cell activating factor
(BAFF) promotes maturation of B cells, and in many autoimmune conditions BAFF levels are
elevated. Elevated first trimester BAFF levels, are associated with hypertensive disease in later
pregnancy (1) and with vascular and cardiac remodelling in hypertension (2).
BAFF directly affects the glucose uptake and induces insulin resistance through an interaction with
Visceral Adipose Tissue, and inhibits insulin signaling pathways, altering the adipokine production
(3). This activity can favour hypertension and should be considerated in the prevention of
hypertension or metabolic disturbances.
BAFF is involved in the development of human placenta (4) and this activity is probably mediated by
its action on the endothelium (5). Other studies suggest the role of BAFF in the pathogenesis of
atherosclerosis (6) and in the mechanisms leading to hypertension through greater production of
angiotensin II (7).
Moreover hypertension might also be seen as a partially autoimmune disease which usually needs a
long time of “gestation” to fully develop. The march towards the disease involves many different
cytokines activating both polarities of the immune system, TH1 and TH2. During pregnancy the time
allowed to women to develop a possible autoimmune disease is not so long and the facilitating
conditions stop after a while, allowing the new-mother to restore her equilibrium.
Previous studies have shown that BAFF overexpression in transgenic mice exacerbates the severity
of TH1-driven response, accompanied by T cell expansion and effector function. Conversely, in a
TH2-mediated allergic disease model, BAFF inhibits TH2- mediated allergy (8). Other studies that also
involved our group have demonstrated that BAFF contributes to maternal inflammation and arterial
dysfunction associated with Pre-Eclampsia, suggesting possible antinflammatory treatments to
restore a healthy pregnancy (9).
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Obesity, GDM and maternal cardiovascular function. Would one test fit all?
Dr Tommy Mousa, University of Leicester, United Kingdom
Aortic pulse wave velocity (AoPWV), a measure of arterial stiffness, is an independent predictor of
cardiovascular morbidity and mortality in the non-pregnant population. High body mass index (BMI)
and/or gestational diabetes in pregnancy are associated with increased risk of placental mediated
diseases, such as pre-eclampsia, growth restriction, and intrauterine fetal death. Most studies
evaluating arterial stiffness in pregnancy have examined changes that are associated with preeclampsia. However, there are very limited information regarding changes among pregnancy
complicated with high BMI or gestational diabetes. In the current presentation we share results of
cross sectional studies that evaluate maternal haemodynamic changes during pregnancy among that
two high-risk groups. Furthermore, we will examine the beneficial effect of Metformin use on
maternal haemodynamics and arterial stiffness.
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Maternal hemodynamics and computerised CTG in the identification of risk
during labour
Herbert Valensise - Policlinico Casilino - Tor Vergata University Rome Italy
OBJECTIVES: to verify if the hemodynamic assessment of "low risk" pregnant women at term can
improve the identification of patients with a maternal or foetal-neonatal complication during labour.
MATERIALS AND METHODS: a prospective observational study was conducted on 443 pregnant
women at term. We collected biochemical parameters, US examination, computerized CTG,
haemodynamic indices using the USCOM® system at the enrollment. Patients were followed until the
labour to check for foetal-neonatal and maternal outcomes.
RESULTS: 48 patients (10,83%) had a complication during labour. Patients with complications during
labour showed lower values of cardiac output (5.45 ± 0.82 versus 5.90 ± 1.25 L/min, p < 0.05) and
higher systemic vascular resistance (1351.34 ± 236.78 versus 1243.40 ± 271.18 dyne.sec.cm-5,
p <0.01), compared to uncomplicated patients. The ROC curve analysis showed a cut-off for cardiac
output (CO) ≤ 5.58 L/min (sensitivity 0.65, specificity 0.56) and for systemic vascular resistance (SVR)
>1138 dyne.sec.cm-5 (sensitivity 0.92, specificity 0.38) to predict complication risk. We obtained
ROC curve also for cCTG and US parameters. The univariate logistic regression analysis showed
significant OR for SVR >1138 dyne.sec.cm-5 (6.83. p<0.001), CO<5.58 (2.33, p<0.01), and STV <7.1
(3.64, p<0.05). US and biochemical tests aren’t useful to predict a complicated labour.
Then, we divided our sample on the basis of SVR values. Patients with SVR > 1138 dyne.sec.cm-5
have a higher percentage of complications (15.28% vs 2.58%), higher level of hemoglobin (11.94 ±
1.05 vs 11.53 ± 1.13 g/dL, p<0.05) and hematocrit (36.12 ± 2.85 vs 34.84 ± 2.83 %, p<0.05),
compared to patients with SVR < 1138 dyne.sec.cm-5.
CONCLUSIONS: the study of maternal cardiovascular adaptation at the end of pregnancy might
identify patients at risk during labour. In particular a low cardiac output and high total vascular
resistance are associated to higher risk of foetal distress or maternal complications.
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Clinical use of nitric oxide donors: Latest insights
Dietmar Schlembach, University of Berlin, Germany
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OS 1: Free Communications on new developments and links with other
medical disciplines
1.1 Cardiac adaptation to pregnancy in morbidly obese mothers at term
Buddeberg, Bigna S1,2; Sharma, Rajan3; O'Driscoll, Jamie M3; Kaelin, Andrea4; Khalil, Asma4;
Thilaganathan, Baskaran4
1

Department of Anesthesiology, Operative Intensive Care, Preclinical Emergency Medicine and
Pain Management, Basel, Switzerland, 2Department of Anaesthesia, St. George's University
Hospital, London, UK, 3Department of Cardiology St. George's University Hospital, London, UK,
4
Department of Obstetrics and Gynecology, Fetal Maternal Medicine Unit St. George's University
Hospital, London, UK
Background
Obesity is an increasing problem worldwide and has well characterised detrimental effects on
cardiovascular health. Little is known, however, about cardiovascular adaptation to pregnancy in
obese mothers, with existing studies being either small or showing conflicting results on cardiac
indices such as stroke volume and cardiac output. We aimed to assess structural and functional
parameters of the left and right heart in pregnant obese women.
Methods
This was a prospective case-control study performed at St. George's Hospital, London. Forty
2
morbidly obese (BMI≥40kg/m ) but otherwise healthy pregnant women and 40 healthy pregnant
controls were recruited at term. Women who developed preeclampsia were excluded from the
analysis. All women underwent a full echocardiography examination with off-line analysis.
Descriptive statistics were performed using SPSS with Bonferroni correction for multiple
comparisons (with p<0.0023 considered statistically significant).
Results
Obese women had significantly higher heart rates, left ventricular mass, left ventricular mass
index and relative wall thickness (Table). Cardiac output was significantly higher, due to a
significant increase in heart rate but not in stroke volume. Left ventricular global, global
endocardial and epicardial strain were significantly decreased. No difference in left-sided
diastolic strain measurements or in right-sided conventional and strain measurements were
observed.
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Figure or table 1.

Conclusion
Morbidly obese, but otherwise healthy, pregnant women, had left ventricular hypertrophy,
increased heart rate with subclinical myocardial strain changes. However, no overt systolic or
diastolic dysfunction could be detected. Obese pregnant women who do not develop
preeclampsia show near-normal cardiovascular adaptation to the increased cardiac demands of
pregnancy. These findings are similar to the ‘obesity paradox’ described in the non-pregnant
population.
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1.2 Nitric oxide donors in women affected by fetal growth restriction: the
importance of cardiac dysfunction in non-responder patients
Valensise, Herbert1; Tiralongo, Grazia Maria2; Lo Presti, Damiano1; Farsetti, Daniele1; Pisani,
Ilaria2; Gagliardi, Giulia2; Novelli, Gian Paolo3; Vasapollo, Barbara2
1

University of Rome Tor Vergata, Rome, Italy, 2Policlinico Casilino, Rome, Italy, 3Ospedale San
Sebastiano Martire, Frascati, Italy
Objective
To evaluate the haemodynamic patterns in women with fetal growth restriction (FGR) on nitric
oxide (NO) donors who do not have a significant reduction of total vascular resistance (TVR).
Methods
103 pregnant women were enrolled and underwent a non-invasive cardiovascular assessment at
the time of diagnosis of fetal growth restriction. We divided our population into three groups
according to the fetal ultrasonographic features and to the time of the onset in small for
gestational age (SGA) (n=52), early foetal growth restriction (eFGR) (n=31) and late fetal growth
restriction (lFGR) (n=20). We started treatment with transdermal nitric oxide donors and oral
fluids considering clinical and haemodynamic severity. We repeated the haemodynamic
assessment after 2 weeks.
Results
At the time of the enrolment, we observed a progressive worsening of cardiovascular assessment
from SGA to early FGR pregnancies showing an underlying state of elevated TVR, lower cardiac
output (CO) and higher potential to kinetic energy ratio (PKR). SGA fetuses showed intermediate
cardiovascular values between controls and pathological FGR fetuses. After 2 weeks of
treatment, we found an improvement of maternal cardiovascular conditions in SGA and late FGR
groups compared to the untreated women. Despite of NO donors treatment, a subgroup of
women showed a further impairment of haemodynamic values. The overall trends expressed in
% variations are shown in Table 1 whereas in fig 1 we reported the effect of treatment in terms
of hyper/hypodynamic circulation.
Figure or table 1.
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Figure or table 2.

Conclusions
Our data have demonstrated the efficacy of NO donors treatment in fetuses with growth
restriction, inducing a reduction in terms of afterload, an increase of preload and a hyperdynamic
circulation. Moreover women with no effect or a worsening of haemodynamic conditions despite
treatment might have an underlying severe endothelial impairment and cardiac dysfunction.
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1.3 A pilot study of fetal growth, maternal hemodynamics and plasma and
placental expression of Epidermal Growth Factor Like Domain 7 in
pregnancies complicated by fetal growth restriction treated with nitric oxide
donors
Tiralongo, Grazia Maria1; Massimiani, Micol2; Lo Presti, Damiano2; Cremona, Agnese2; Lacconi,
Valentina2; Campagnolo, Luisa2; Valensise, Herbert2
1

Policlinico Casilino, Rome, Italy, 2University of Rome Tor Vergata, Rome, Italy

Objective
Fetal growth restriction (FGR) is mainly caused by placental insufficiency. Therapy with nitric
oxide donors (NO donors) is gaining interest, as NO is an important regulator of basal vascular
tone and myometrial relaxation (1). Epidermal Growth Factor Like Domain 7 (EGFL7) has a critical
role in placental and fetal growth (2,3). This study aimed to investigate maternal cardiovascular
system organization and fetal growth and EGFL7 plasmatic and placental modulation in response
to NO donors in FGR pregnancies.
Methods
10 pregnant women with a diagnosis of FGR, treated or not with NO donors and oral fluids, were
enrolled and subjected to blood sampling and placenta collection, together with fetal obstetric
ultrasound and maternal hemodynamic evaluation using USCOM (UltraSonic Cardiac Output
Monitor). All patients underwent elective caesarean section. Placental distribution and mRNA
levels of EGFL7 and the pan-endothelial marker CD31 were studied by immunofluorescence and
qRT-PCR analysis, respectively. EGFL7 plasma concentration was evaluated by ELISA.
Results
Immunofluorescence analysis of placental samples confirmed that EGFL7 was expressed by both
endothelial and trophoblast cells (Figure 1A, B), as previously demonstrated, and qRT-PCR
showed that, in the maternal side of the placenta of NO-treated patients, EGFL7 mRNA
expression was significantly increased by about 3.5-fold, even more than CD31, compared to
untreated IUGR pregnancies, matched for gestational age (Figure 1C, D). Circulating levels of
EGFL7 were not affected by NO-treatment. After 2 weeks of treatment our data demonstrated
that FGR fetuses with high TVR showed an improvement of maternal haemodynamic parameters
(table 1). Moreover, fetal growth has been increased in those who had NO donors treatment.
Figure or table 1.
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Figure or table 2.

Conclusions
Treatment with NO donors improves maternal hemodynamic and fetal growth, by restoring
placental vascular structure, especially on maternal compartment, by increasing the expression
of the pro-angiogenic protein EGFL7, which is critical for placental vascularization and embryonic
growth.
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1.4 A pilot study of the effects of metformin on maternal hemodynamics in
gestational diabetes mellitus
Osman, Mohamed Waseem1,2; Nath, Mintu2; Khalil, Asma3; Webb, David2; Robinson, Thompson2;
Mousa, Tommy1
1

University Hospitals of Leicester, 2University of Leicester, 3St George’s University of London

Aim
To assess longitudinal changes in maternal haemodynamics amongst women diagnosed with
gestational diabetes mellitus (GDM) requiring either metformin or dietary intervention in
comparison to low-risk healthy controls.
Methodology
Fifty-six pregnant women attending their first appointment at the GDM clinic and 60 low-risk
healthy pregnant controls attending their routine antenatal clinics were recruited and assigned to
three groups: GDM Metformin (GDM-M), GDM Diet (GDM-D) and Control. Non-invasive
assessment of maternal haemodynamics, using recognised measures of arterial stiffness and
central blood pressure (Arteriograph®), were undertaken under controlled conditions within four
gestational windows: antenatal (AN1) (26-28 weeks), AN2 (32-34 weeks) and AN3 (37-40 weeks),
and postnatal (PN) (6-8 weeks after delivery). Data were analysed using a linear mixed model
incorporating gestational age and other relevant predictors, including age, blood pressure (BP)
and pulse as fixed effects, and patient as a random effect.
Results
Fitted linear mixed models showed evidence of a two-way interaction effect between groups
(GDM-D, GDM-M and Control) and stages of gestation (AN1, AN2, AN3 and PN) for maternal
haemodynamic parameters: brachial artery augmentation index (AIx) (p=0.004), aortic AIx
(p=0.008), and central systolic BP (p=0.001). However, differences in respect of aortic pulse wave
velocity (p=0.001) and heart rate (p<0.001) were only significant for gestational stage. At AN2,
metformin therapy had a potential beneficial effect on AIx, with a non-significant mean
difference between GDM-M and control groups (p=0.15).
Conclusion
AIx and central systolic BP measures of arterial stiffness are adversely affected by GDM in
comparison to controls during pregnancy. The potential beneficial effects of metformin therapy
seen at 32 to 34 weeks of gestation require further exploration
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1.5 Monocyte subsets and arterial elastance at 13 weeks gestation and the
effects of prior hypertension in pregnancy
Castleman, James1; Shantsila, Eduard2; Shantsila, Alena2; Brown, Richard2; Ganapathy, Ramesh3;
Kotecha, Dipak2; Lip, Gregory2
1

Sandwell and West Birmingham Hospitals NHS Trust, Birmingham, United Kingdom, 2University
of Birmingham Institute of Cardiovascular Sciences, Birmingham, United Kingdom, 3Epsom and St
Helier University Hospitals NHS Trust, Surrey, United Kingdom
Introduction
Individual monocyte subsets play distinct roles in the pathogenesis of cardiovascular disease, but
their implications in hypertension in pregnancy are unclear. Our objective was to examine the
relationship between monocyte count and arterial elastance in pregnant women with and
without previous gestational hypertensive disease.
Methods
Monocyte subsets CD14++CD16-CCR2+ (Mon1), CD14++CD16+CCR2+ (Mon2) and
CD14+CD16++CCR2- (Mon3) were analysed by flow cytometry. Arterial elastance (Ea) and
ventricular elastance parameters were assessed using transthoracic echocardiography. Aortic
augmentation index was calculated using pulse wave analysis, standardised to a 75 beats per
minute heart rate (AIx75).
Results
59 pregnant women were studied at 13±1 weeks gestation, all with blood pressure
<140/90mmHg at assessment. 17 patients had previous gestational hypertension or
preeclampsia (Group 1) and 42 had no history of hypertension (Group 2). The groups were well
matched for age, body mass index and ethnicity (p>0.05 for all). Total monocytes, Mon1 count,
arterial elastance and AIx75 were higher in women with a history of a hypertensive disorder in
prior pregnancy compared to those without (p<0.05 for all) (Table). End diastolic elastance, end
systolic elastance (Ees) and Ea/Ees as a measure of ventricular-arterial interaction were
unchanged between the groups. There was a moderate correlation between Mon1 count and Ea
indexed to body surface area (Spearman’s rho = 0.50, p<0.001). In multivariate regression
analysis Mon1 was the only significant predictor of arterial elastance index (ß=0.28; p=0.034).
Conclusion
Elevated arterial elastance occurs in pregnant women with a past history of hypertension in
pregnancy, despite similar ventricular elastance to women without prior hypertension. Mon1
may be involved in the underlying pathophysiology, leading to increased arterial stiffness in
hypertensive disorders of pregnancy. Changes in cardiovascular performance and their
relationship to monocyte heterogeneity may be a mechanism leading to increased long term
cardiovascular risk.
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Figure or table 1.
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1.6 A cross sectional study to examine maternal haemodynamic changes, in
pregnant women with a body mass index ≥35 kg/m2
Leone, Francesca Maria Teresita1; Osman, Waseem2; Webb, David3; Mousa, Hatem4
1
University Hospitals of Leicester, Leicester, United Kingdom, 2Department of Obstetrics
University Hospitals of Leicester, Leicester, United Kingdom, 3Department of Diabetes University
Hospitals of Leicester, Leicester, United Kingdom, 4Department of Obstetrics University Hospitals
of Leicester, Leicester, United Kingdom
Introduction
A high maternal body mass index (BMI) increases physiological burden, which can exacerbate the
cardiovascular physiological demand of pregnancy and may predispose to an increased risk of
placental mediated disease (1). In the non-pregnant population, obesity is associated with
increased cardiac output, heart rate and blood pressure (2). The literature on the cardiac
physiology of high BMI pregnancy is limited (3, 4), especially given the recently discovered
oscillatory nature of cardiac output and its associated parameters over pregnancy (5). In light of
this, we conducted this study to re-examine the cardiac parameters in high BMI pregnancy.
Method
This was a cross sectional study of 315 pregnant women, comparing study subjects to controls at
five gestational windows: 11-19, 20-27, 28-33, 34-37 and 38+ weeks. A non-invasive cardiac
output monitor (NICOM™) utilising Bioreactance® technology, was utilised in high BMI
2
(≥35kg/m ) pregnant women attending a specialised clinic (n=117). The controls had a normal
2
BMI (18-24.9kg/m ) and uncomplicated pregnancies (n=191). We have excluded cases where
maternal and/or fetal conditions could have affected cardiovascular function during pregnancy.
Results
Women with high BMI were noted to have a significantly elevated cardiac output and stroke
volume throughout pregnancy at each gestational window measured (p≤0.01); difference in
heart rate did not reach a level of significance at any point (p>0.1). Total peripheral resistance
was significantly lower in the high BMI cohort at each gestational window (p<0.01), however the
mean arterial pressure remained higher in the high BMI study group, gaining significance in the
majority.
Conclusion
There is an increase in cardiac output, primarily related to the increase in stroke volume, among
pregnant women with high BMI as compared to healthy control, independent of heart rate.
Further work is required to assess the impact of current observation on high BMI maternal
cardiac function and adverse pregnancy outcome.
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1.7 Maternal Hemodynamic changes amongst women who were screened for
gestational diabetes in comparison to healthy controls
Osman, Mohamed Waseem1,2; Nath, Mintu2; Khalil, Asma3; Webb, David2; Robinson, Thompson2;
Mousa, Tommy1
1

University Hospitals of Leicester, 2University of Leicester, 3St George’s University of London

Aim
To assess the changes in hemodynamics amongst pregnant women who were screened for
gestational diabetes mellitus (GDM) in comparison to low-risk healthy (normal) pregnant women.
Methodology
A total of 120 pregnant women of mean age 31.03 (5.41) years who attended their oral glucose
tolerance test as part of the national screening for GDM, and 60 low-risk healthy pregnant
women of mean age 29.71 (5.33) years, were invited to participate in this study. All women
included in the study booked at the University Hospitals of Leicester NHS Trust and fulfilled the
relevant inclusion criteria. Non-invasive assessment of arterial stiffness were undertaken on
participants between 26 and 28 weeks of pregnancy. The mean difference between GDM and
low-risk group for each of the arterial stiffness measurements was assessed by a two-sample
unpaired t-test.
Results
Significant differences were found between at risk GDM and normal groups in brachial (-64.5 vs. 69.5, p<0.04) and aortic augmentation indices (5.2 vs. 2.7, p=0.04), though there was no
significant difference for PWV (8.3 vs. 8.1, p=0.49), Figure 1. However, no significant differences
were reported for heart rate, systolic and diastolic blood pressure, or total peripheral resistance.
Figure or table 1.

Conclusion
Pregnant women at risk of GDM between gestational weeks 26 and 28 had significantly increased
measures of arterial stiffness, as assessed by brachial and aortic augmentation indices, compared
with low-risk healthy pregnancy. Whether these women are at greater long-term cardiovascular
disease risk warrants further investigation.
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1.8 Maternal cardiovascular changes secondary to sildenafil intake in
pregnancies complicated by severe fetal growth restriction: STRIDER trial
Khalil, Asma1,2; Sharp, Andrew3; Cornforth, Christine4; Jackson, Richard4; Mousa, Hatem5; Stock,
Sarah6; Harrold, Jane4; Turner, Mark3; Kenny, Louise7; Baker, Philip8; Johnstone, Edward9; von
dadelszen, Peter10; Magee, Laura10; Papageorghiou, Aris11; Alfirevic, Zarko3
1

Fetal Medicine Unit, St George's University Hospitals NHS Foundation Trust, London, UK,
Molecular & Clinical Sciences Research Institute, St George's University of London, UK,
3
Department of Women’s and Children’s Health, University of Liverpool, United Kingdom,
4
Liverpool Clinical Trials Unit, University of Liverpool, United Kingdom, 5Fetal Medicine Unit,
university of Leicester, 6The Queen’s Medical Research Institute, University of Edinburgh, 7The
Irish Centre for Fetal and Neonatal Translational Research (INFANT), University College Cork,
Ireland, 8College of Life Sciences, University of Leicester, United Kingdom, 9Maternal & Fetal
Health Research Centre, University of Manchester, United Kingdom, 10Department of Women
and Children’s Health, School of Life Course Sciences, King’s College London, 11Fetal Medicine
Unit, St George's Hospital, and St George’s, University of London, United Kingdom
2

Background
Fetal growth restriction (FGR) is associated with maternal cardiovascular changes. Sildenafil, a
phosphodiesterase type 5 inhibitor, potentiates the actions of nitric oxide and could alter
maternal haemodynamics. The main aim of this study was to investigate the effect of sildenafil
on maternal haemodynamics in pregnancies complicated by severe early-onset FGR.
Methods
In this multicentre, placebo-controlled trial, we randomly assigned 135 women with singleton
pregnancies and severe early-onset FGR (defined as a combination of estimated fetal weight or
th
abdominal circumference below 10 centile and absent/reversed end diastolic flow in the
umbilical artery on Doppler velocimetry diagnosed between 22+0-29+6 weeks’ gestation) to either
sildenafil 25mg three times daily or placebo until 32+0 weeks’ gestation or delivery. The maternal
blood pressure (BP), heart rate (HR), augmentation index, pulse wave velocity (PWV), cardiac
output, stroke volume (SV) and total peripheral resistance were recorded before, one hour after,
and 48-72 hours post-randomisation, and postnatally.
Results
Sildenafil increased maternal HR by 4bpm more than placebo did [5bpm (95%CI:1,12) vs 1 (5,8);P=0.004] and reduced systolic BP by 1mmHg more than placebo [-4mmHg (-9,1) vs -3mmHg
(-8,5);P=0.048]. Even after adjusting for maternal BP, sildenafil reduced aortic PWV by 0.6 m/sec
more than placebo [-0.90m/sec (-1.31,-0.51) vs -0.26 (-0.75,0.59);P=0.001]. Sildenafil was
associated with a non-significant decrease in the SV index [-5.5m/m2/beat (-11,-0.5) vs 0 (0.5,4);P=0.056].
Conclusions
Sildenafil increases HR, reduces BP and reduces arterial stiffness in pregnancies complicated by
FGR. These changes are modest and their clinical impact on the mother and baby, both shortand long-term, remains uncertain.
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Session 2: Hemodynamic changes and clinical management
What physicians learned from Obstetricians
Valerie Luyckx, University of Zurich, Switzerland
As nephrologists we are frequently involved in the management of reproductive-age women with
kidney disease who desire to become pregnant, have planned or unplanned pregnancies while
having kidney disease, or who develop worsening kidney function and/or other complications during
pregnancy. Many clinical questions arise in caring for these women and physicians must be aware of
the approaches to management, challenges and consequences for both mother and child during
pregnancy. From the physician’s long term perspective, a mother who experiences preeclampsia or
has kidney disease in pregnancy has an elevated lifetime risk of cardiovascular and kidney disease.
The offspring of such mothers undergo developmental programming in utero and early life, and are
also at increased life-time risk of these diseases. There is a mounting global sense of urgency that
action is needed now to face the growing epidemics of non-communicable diseases. From both an
individual and a public health perspective, Obstetricians are uniquely placed to identify at-risk young
women and their infants early, to work hand-in-hand with physicians and general practitioners to
monitor and manage them carefully throughout pregnancy, and to set them on a life-long path,
focused on adherence to healthy lifestyles, to minimize the long-term risks. A clinical case will be
used illustrate the implications of developmental programming on maternal health and what
physicians have learned from Obstetricians so far about understanding the physiology of pregnancy
and identifying opportunities for prevention, screening and management of potential complications.
A physician’s wish list of unanswered questions may provide some food for thought.
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How adult hypertension can teach us lessons
Ian Wilkinson, University of Cambridge, United Kingdom
[Abstract to follow]
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Home Monitoring of Hypertension in Pregnancy
Professor Asma Khalil, MBBCh, MD, MRCOG, MSc(Epi), DFSRH, Dip(GUM) Consultant Obstetrician
and Fetal Medicine Specialist
Hypertensive disorders of pregnancy include chronic hypertension, gestational hypertension, and
pre-eclampsia. They complicate up to 10% of pregnancies and are associated with adverse maternal
and fetal outcomes. Monitoring and early recognition are therefore key to reducing mortality and
morbidity. Traditionally, women who develop hypertension in pregnancy are advised to attend an
out-patient service or Day Assessment Unit at their maternity hospital, commonly two to three times
weekly for blood pressure monitoring and urine testing. The purpose of these assessments is to
monitor for the development of pre-eclampsia. However, the vast majority of these women (more
than 80%) do not develop pre-eclampsia. Frequent monitoring can represent a source of anxiety to
these women and their families, is demanding for them in terms of time, transport costs and work
absence, and has significant service implications for healthcare providers. These women may also
undergo unnecessary medical interventions, such as early delivery.
An alternative to this pathway is home blood pressure monitoring (HBPM). HBPM is recommended
in the general population for diagnosing hypertension, but there is a paucity of data on its use in
pregnancy. HBPM has the potential to offer a more accurate and acceptable means of monitoring
hypertensive patients in pregnancy compared to traditional pathways of frequent outpatient
monitoring. However, there are a number of questions which ought to be addressed, including
whether pregnant women would monitor their BP at home, the frequency, which device to use,
threshold for intervention, its safety, and whether it can detect pre-eclampsia earlier than the
traditional antenatal care, where the pregnant women visit the midwife or obstetrician to have her
blood pressure and urine checked. Our recent data suggest that HBPM has the potential to reduce
the number of hospital visits required by patients without compromising maternal and pregnancy
outcomes. It also appears to be cost saving (£287 per patient per week of monitoring).

23

Session 3: Non-invasive technologies for maternal hemodynamic assessment
Blood pressure measurement: which method and thresholds?
Andrew Shennan, Kings College London, United Kingdom
Blood pressure measurement is an essential, poorly performed skill, traditionally performed through
auscultation and use of a mercury sphygmomanometer. Automated measurements have simplified
self-measurement and enabled increased patient involvement and surveillance, whilst also
eliminating the observer error, measurement bias and white-coat effect associated with auscultatory
measurement in the clinical setting.
Rapid advances in technology have decreased the discrepancy between automated and auscultatory
readings, evidenced by the increased number of devices to pass recognised validation standards.
However, the limitation of automated device accuracy is still evident in certain patient groups such
as those with diabetes, an arrhythmia, pre-eclampsia etc. Therefore, careful consideration is
warranted when selecting a non-invasive blood pressure measurement device to ensure optimum
accuracy and reliability of readings.
1. Hypertension is a key diagnostic and prognostic sign in pregnancy.
2. Calibration checks should be performed (at least annually) on all blood pressure
measurement devices, particularly aneroid devices.
3. The CE identification on automated blood pressure measuring devices simply infers that a
health & safety standard has been reached. Evidence of accuracy according to the EN1060-4
is compulsory, but not independently verified and therefore device accuracy may not fulfil
the requirements of validation protocols of the British or European Hypertension Societies.
4. Only devices validated according to recognised protocols should be used in clinical practise
and only in the populations for whom they’ve been assessed (i.e. separate validations should
be done for special groups such as pregnancy & pre-eclampsia, children, elderly, arrhythmia
diabetes and)
5. Properly validated non-mercury devices, which do not rely on oscillometry, should be made
available to all clinical areas i.e. to check oscillometric results or to use in clinical conditions
where oscillometric readings likely to be inaccurate e.g. arrhythmia, pre-eclampsia.
6. Appropriately training should be provided with regard to both auscultatory and automated
BP measurements.
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FMD: Endothelium Dependent and Independent Mechanisms
Dr Charlotte Iacobaeus, Danderyd Hospital, Stockholm, Sweden
During normal pregnancy, a general vasodilatation is necessary in order to hold the rapidly
increasing plasma volume and maintain a stable blood pressure. The mechanism behind this is
unclear; however, decreased endothelial responsiveness to vasoconstrictors as well as a hormone mediated increased availability of nitric oxide (NO) is probably partly accountable. A vascular
inability to dilate and endothelial dysfunction during pregnancy is associated with hypertensive
disorders during pregnancy. Flow mediated dilatation of the brachial artery (FMD) is widely used to
assess endothelium dependent conduit vessel dilatation mediated by shear stress stimulus during
reactive hyperaemia. Several studies report that FMD and brachial diameter is increased in the
second half of normal gestation, and decreased in hypertensive pregnancies. Very few studies
investigated endothelium independent vasodilatation during pregnancy and found no differences or
decreased endothelium independent vasodilatation compared to non-pregnant individuals. Impaired
FMD has been reported in the third trimester, and 6-24 months after, pregnancies complicated by
fetal growth restriction. Whether a dysfunctional endothelium is present before the pregnancy, or
occurs as a response to pregnancy, is uncertain. We found that maternal vascular vasodilator
capacity in the first trimester, assessed both in the brachial artery (largely representing the skeletal
muscle vascular bed) and in the skin microcirculation, was positively related to birth weight centile.
Both markers of endothelium and endothelium independent vasodilatation correlated positively to
birth weight centile. Applying a value of FMD ≤ 5% to define endothelial dysfunction, we also
observed an association between reduced maternal endothelium dependent vasodilatation and
impaired fetal growth already in the first trimester. Furthermore, birth weight centile was very low
in this group, which may suggest that a FMD value of 5% or below during the first trimester is a risk
marker for impaired fetal growth.
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Is the Microcirculation Relevant?
Dr Andreas Brückmann, Department of Prenatal Diagnosis and Preventive Medicine, GesaTal
Medical Center, Erfurt, Germany
Preeclampsia is considered as a disease of the maternal endothelium, and the proper function of the
microvascular endothelium includes maintenance of a barrier and regulation of vascular tone.
However, the extent to which microvascular dysfunction results from endothelial dysfunction,
sympathetic influence, neuronal or myogenic disturbance, increased permeability or
microangiopathy, at different levels of risk for preeclampsia and in different vascular beds, remains
uncertain. Summarizing, it is hypothesized that in preeclampsia a pre-existing endothelial
dysfunction and a consequently increased permeability results in a disturbed microvascular
reactivity and autoregulation that also affects the placenta. Beyond the persistent peripheral
vasoconstriction, due to sympathetic overactivity, the microcirculation exhibits blood flow regulative
competence to counteract the impaired macrovascular endothelial function.
The disruption of this microvascular auto- regulatory competence, with further disease progression
and the resulting atherosclerotic changes, which are partially genetically determined, indicate an
increased risk for future cardiovascular disease. The analysis of the microcirculation, at different risk
for pre-eclampsia and in different vascular beds, might be important to detect women susceptible to
preeclampsia, by unmasking pre-existing differences, and to enable therapeutic strategies.
Pathological microvascular findings after and during preeclampsia and screening strategies for
preeclampsia, detected with different assessment methods, are summarized in this chapter.
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Skin microvascular function
Thomas Kahan, Karolinska Institutet, Department of Clinical Sciences, Danderyd Hospital, Division
of Cardiovascular Medicine, SE-182 88 Stockholm, Sweden; and Department of Cardiology,
Danderyd University Hospital Corporation, SE-182 88 Stockholm, Sweden
Non-invasive methods are available to assess microvascular function in man. Skin microvascular
reactivity can be evaluated by laser Doppler fluxmetry and the maximum hyperaemic response to
local heating or following arterial occlusion, or by transdermal iontophoretic application of
acetylcholine and sodium nitroprusside to represent endothelium dependent and endothelium
independent vasodilatation, respectively (1). Hypertensive patients show impaired forearm skin
microvascular reactivity with signs of endothelial dysfunction together with structural and functional
capillary rarefaction (2,3), suggesting total skin microvascular reactivity a marker of cardiovascular
risk in hypertensive patients. In addition, disturbed skin microvascular reactivity is associated with
risk of coronary heart disease and incident type 2 diabetes. Accordingly, total skin microvascular
dilatory capacity relates to cardiovascular mortality risk.
Simultaneous measurements of endothelial function representing conduit arteries, resistance
arteries, and skin microvascular reactivity have, however, shown that these markers of
macrovascular and microvascular function are poorly interrelated (1), also in pregnant women (4).
This could be explained if endothelial dysfunction in large arteries and impaired skin microvascular
reactivity might develop independently due to differences in their pathogenesis, or represent
different stages of disease, where microvascular dysfunction may be a prognostic marker, while
macrovascular endothelial dysfunction may represent existing atherosclerosis.
Maternal first trimester macrovascular vasodilator capacity and skin microvascular reactivity are
positively related to birth weight centile (5). However, these associations were no longer retained
when adjusting for endothelium independent vasodilatation, suggesting that general macrovascular
and microvascular vasodilator capacity is more important than endothelial function for the
association between vascular function and birth weight centile. Furthermore, our results suggest
that first trimester endothelium dependent skin microvascular reactivity was positively related to
circulating PAPP-A levels (6). This might suggest that first trimester skin microvascular reactivity
could be an early marker for early placental function. These observations warrant further study.
1. Hellman M, Roustit M, Cracowaki J-L. Skin microvascular endothelial function as a biomarker
in cardiovascular disease? Pharmacol Reports 2015;67:803-10
2. Farkas K, Kolossvary E, Jarai Z, Nemcsik J, Farsang C. Non-invasive assessment of
microvascular endothelial function by laser Doppler flowmetry in patients with essential
hypertension. Atherosclerosis 2004;173:97-102
3. Serne EH, Gans RO, ter Maaten JC, Tangelder GJ, Donker AJ, Stehouwer CD. Impaired skin
capillary recruitment in essential hypertension is caused by both functional and structural
capillary rarefaction. Hypertension 2001;38:238-42
4. Iacobaeus C, Andolf E, Bremme K, et al. A longitudinal study of vascular structure and
function during normal pregnancy. Ultrasound Obstet Gynaecol 2017;49:46–53
5. Iacobaeus C, Kahan T, Jörneskog G, Bremme K, Thorsell M, Andolf A. Fetal growth is
associated with first trimester maternal vascular function. Ultrasound Obstet Gynaecol
2016;48:483-90
6. Iacobaeus C, Kahan T, Bremme K, Andolf E, Jörneskog G, Thorsell M. Pregnancy-associated
plasma protein A is positively related to first trimester skin microvascular reactivity.
Ultrasound Obstet Gynaecol 2018;51:361–7
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OS 2: Free Communications on non-invasive technologies and their clinical
applications
2.1 Cardiac maladaptation in term preeclampsia - a speckle tracking study
Buddeberg, Bigna S1,2; Sharma, Rajan3; O'Driscoll, Jamie M4; Khalil, Asma5; Kaelin, Andrea5;
Thilaganathan, Baskaran5
1Department

of Anesthesiology, Operative Intensive Care, Preclinical Emergency Medicine and
Pain Management, Basel, Switzerland, 2Department of Anaesthesia, St. Georges's University
Hospital, London, UK, 3Department of Cardiology St. George's University Hospital, London, UK,
4Department of Cardiolgoy St. George's Hospital, London, UK, 5Department of Obstetrics and
Gynecology, Fetal Maternal Medicine Unit St. George's University Hospital, London, UK

Background
Preeclampsia is a disorder affecting 3-5% of all pregnancies and has well documented effects on
the cardiovascular system of the mother during and after pregnancy. In studies using
conventional echocardiography, left ventricular (LV) diastolic dysfunction was observed in up to
40% of women with term preeclampsia. LV systolic and diastolic dysfunction could only be
observed in women with severe preterm preeclampsia. Speckle tracking echocardiography is
more sensitive in detecting subclinical cardiac changes. Our aim was to study whether left or
right-sided cardiac changes can be detected using speckle tracking in women with preeclampsia
at term.
Methods
This prospective case-control study was performed at St. George's Hospital, London. Thirty
women with preeclampsia and 40 matched healthy controls were recruited at term. Women with
pre-existing cardiovascular comorbidities and on antihypertensive medication were excluded
from the analysis. All women underwent a full echocardiography examination with off-line
analysis. Descriptive statistics were performed using SPSS with Bonferroni correction for multiple
comparisons (with p<0.0023 considered statistically significant).
Results
On conventional echocardiography, preeclamptic women showed signs of mild left sided diastolic
dysfunction (increased E/E'). Speckle tracking analysis demonstrated significantly lower LV global
strain, LV endocardial and epicardial global strain, LV longitudinal strain rate and LV early
diastolic strain rate in women with preeclampsia compared to controls. No significant changes
could be observed in right ventricular function or twist/torsion mechanics.
Conclusion
Conventional echocardiographic analysis in preeclampsia demonstrates only signs of mild left
ventricular diastolic dysfunction, with subclinical myocardial changes revealed only with the use
of speckle tracking echo analysis. This data demonstrates that the use of sensitive cardiac
function tools could reveal that far more than 40% of women with term preeclampsia suffer from
cardiac dysfunction.
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Figure or table 1.
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2.2 Flow-mediated constriction reveals maternal endothelial dysfunction in
preeclampsia.
Mannaerts, Dominique1,2; Faes, Ellen1,2; Cornette, Jerome3; Gyselaers, Wilfried4; Spaanderman,
Marc5; Van Craenenbroeck, Emeline6,7; Jacquemyn, Yves1,2
1Research

Group ASTARC, Antwerp Surgical Training, Anatomy and Research Centre, University
of Antwerp, Belgium., 2Department of Obstetrics and Gynaecology, Antwerp University Hospital,
Belgium., 3Department of Obstetrics and Gynaecology, Erasmus M.C. Rotterdam, The
Netherlands., 4Department of Obstetrics and Gynaecology, Ziekenhuis-Oost Limburg, Genk,
Belgium., 5Department of Obstetrics and Gynaecology, MUMC Maastricht University, The
Netherlands., 6Laboratory for Cellular and Molecular Cardiology and Department of Cardiology,
Antwerp University Hospital, Edegem, Belgium , 7Research Group Cardiovascular Diseases,
Translational Pathophysiological Research, University of Antwerp, Antwerp, Belgium

Background
Flow-mediated dilatation (FMD) reflects the ‘recruitable’ capacity of the endothelium, when
stimulated by a sudden increase in shear stress, leading to smooth muscle cell relaxation and
vasodilation. Low-flow-mediated constriction (L-FMC) is measured as the response to a decrease
in blood flow and the parallel reduction in shear stress, and provides insight in the ‘resting’
endothelial activity. We investigated changes in brachial artery L-FMC as part of a compound
cardiovascular assessment in normal and PE pregnancies.
Methods
One hundred healthy pregnant (HP) women, 33 PE patients (mean 30 weeks) and 10 nonpregnant controls (NP) underwent pulse wave velocity (PWV), pulse wave analysis (PWA),
peripheral arterial tonometry (PAT) and FMD/L-FMC measurements. HP patients were measured
at 12 weeks, 36 weeks and 6 months postpartum (PP). In PE, measurements were performed at
diagnosis and 6 months PP. L-FMC was calculated from the mean brachial artery diameter during
the last 30 seconds before cuff release and expressed as percentage change from
baseline.(Figure I) PWV, PWA, PAT and FMD measurements were performed as previously
described.(1)

Figure or table 1.
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Results
During HP there is an improvement in ‘resting’ endothelial function (L-FMC -0.31±1.75 vs 1.97±3.02, p<0.0001) and decrease in aortic stiffness (CF-PWV 6.20±0.80 vs 6.01±0.97, p=0.01),
while no difference is noted in FMD (p=0.51). In PE, both ‘resting’ and ‘recruitable’ endothelial
function are decreased and increased arterial stiffness is present. (Table I) Six months PP, overall
vascular function in PE patients recovered, but aortic stiffness (CF-PWV 6.88±0.64 vs 6.38±0.74 vs
6.21±1.03, p=0.04) remained high compared to HP and NP.
Figure or table 2.

Conclusions
PE is characterized by an overt endothelial dysfunction and vascular stiffness, persisting at the
aortic level for at least six months after delivery. This study highlights a new insight regarding this
dysfunctional endothelium. L-FMC provides information concerning arterial tone control at rest,
therefore complementing the information provided by FMD.
References
Mannaerts, D., et al., Flow-mediated dilation and peripheral arterial tonometry are disturbed in
preeclampsia and reflect different aspects of endothelial function. Am J Physiol Regul Integr Comp
Physiol, 2017. 313(5): p. R518-R525
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2.3 Central and uterine haemodynamics in healthy and pathological
pregnancies
Perry, Helen1; Lehmann, Henriette1; Curado, Joana1; Mantovani, Elena1; Thilaganathan, Basky1;
Khalil, Asma1
1St

George's Hospital, London

Background
Placental disorders such as hypertensive disorders of pregnancy (HDP) and small for gestational
age (SGA) birth are associated with de-novo changes in uterine artery pulsatility index (PI) and
cardiovascular indices. The aim of this study is to explore the relationship between central and
uterine haemodynamics in pregnancies complicated by HDP and SGA compared to controls.
Methods
A prospective study involving ongoing third trimester pregnancies complicated by HDP and SGA,
as well as healthy controls. Maternal central haemodynamics were measured using an USCOM®
1A device and uterine artery Doppler assessments were carried out by a standardised technique.
Indices that varied physiologically with gestation or maternal characteristics were corrected for
by calculating multiples of the median (MoM).
Results
The study included 211 HDP, 133 SGA and 446 control pregnancies. Compared to controls,
HDP and SGA pregnancies had significantly (all p<0.01) lower cardiac output (0.98 vs 0.95 vs 0.94
MoMs), higher systemic vascular resistance (1.0 vs 1.3 vs 1.1 MoMs) and higher uterine artery PI
(0.96 vs 1.2 vs 1.2 MoMs). Subgroup analysis demonstrated more severe alterations in cardiac
rd
output and systemic vascular resistance with preterm vs term HDP and <3 centile vs <10 centile
SGA. In both HDP and SGA pregnancies, there was a significant positive correlation between
systemic vascular resistance and uterine artery PI (rs = 0.192, p<0.01 and rs= 0.239, p< 0.01
respectively).
Conclusion
Both HDP and SGA pregnancies are associated with altered central maternal haemodynamics namely reduced cardiac output and increased systemic vascular resistance. Maternal
haemodynamics is further deranged with more severe phenotypes of HDP and SGA. Changes in
third trimester uterine artery PI are likely to be a consequence rather than the cause of modified
central haemodynamics in HDP and SGA.
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2.4 Atrial phase characteristics in the jugular venous Doppler waveform
during uncomplicated pregnancy
Dierickx, Inge1,2; Tomsin, Kathleen2; Vanhercke, Daniel3; van Hooland, Simon4; Gyselaers,
Wilfried5,2
of Obstetrics and Gynecology, Algemeen ziekenhuis Sint Lucas, Gent, Belgium ,
of Physiology, University Hasselt, Hasselt, Belgium , 3Department of Cardiology,
Algemeen Ziekenhuis Sint Lucas, Gent, Belgium , 4Department of Nephrology, Algemeen
Ziekenhuis Sint Lucas, Gent, Belgium , 5Department of Obsetrics and Gynecology, Ziekenhuis
Oost Limburg, Genk, Belgium
1Department
2Department

Background
The atrial phase of the cardiac cycle induces up to 3 deflections of the Internal Jugular Vein (IJV)
pulse waveform in sequence H-A-C. The A-peak results from atrial contraction, the C-peak
reflects closure of the tricuspid valve and the H-peak represents rebound after complete passive
filling of the atrium. The aim of this study was to identify these typical waveform characteristics
by Combined Doppler-ECG (CDE) assessment.
Methods
Standardised CDE of IJV was performed as reported (1) in 18 nulliparous women at 12, 16, 20, 24,
28, 32, 36 and 38 weeks of gestation and 6 weeks postnatal. At each occasion, six measurements
were performed at three different locations (right proximal, right distal and left proximal IJV).
Atrial phase deflections were counted after categorisation in 4 different combinations : (1) a
single A-peak = one peak instants after the ECG P-wave; (2) an AC-peak complex = an additional
peak after A; (3) a HA-peak complex = an additional peak before A and the ECG P-wave and (4) a
HAC-peak complex = a three-peak complex with the first peak before the ECG P-wave (Figure 1).

Figure or table 1.
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Results
A total of 2862 CDE images were evaluated. In 1985/2862 (69%) images, typical atrial phase
characteristics could be identified and classified, amongst which the AC-peak complex was most
frequent. In 877/2862 (31%) images, typical atrial phase characteristics could not be classified for
technical or patient-specific inferences.
Conclusions
Typical atrial phase characteristics of the IJV can be identified during pregnancy using combined
Doppler-ECG assessment. The AC-combination is the most frequent peak complex. Despite rigid
standardisation, the CDE methodology applied at IJV is troubled by a 31% failure rate.
Figure 1: Frequency distribution and examples of atrial phase peak complexes of the jugular
venous waveform, as identified using combined Doppler-ECG assessment.
References
1. Dierickx I, Van Hooland S, Tomsin K, Vanhercke D, Cools W, Fransen H, Gyselaers W.
Feasibility of Combined Doppler-ECG assessment of Internal Jugular Veins.
Ultrasound Med Biol. 2017 Sep;43(9):1853-1860.
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2.5 Central aortic pressure in the first trimester of pregnancy in terms of
body mass
Evsevyeva, Maria1; Sergeeva, Oksana1; Prokhorenko –Kolomoytsev, Irina1; Kalashnikova,
Anastasia1
1Stavropol

State Medical University, Stavropol, Russia

Background
Body weight of pregnant women attracted attention of researchers with different
positions [1,2]. The relationship of this indicator with сentral pressure (CP) is studied not
enough [3].
Materials and Methods
Were studied parameters of CP and arterial stiffness in first trimester of pregnancy of 77
women (21-29 y.o.) with help of hardware-diagnostic complex BPLad Vasotens (Petr Telegin,
Russia ). 3 groups of patients were allocated, taking into account values of body mass index
(BMI): 1st – overweight; 2nd - normal weight; 3d – weight deficiency. Data were processed
using software package "Statistica 10.0" (StatSoft
Inc).
Results
Peripheral systolic blood pressure (BP) in three groups were 130,4±5,8; 119,8± 1,2 and
114,0±2,7 and peripheral diastolic BP – 87,4±3,0; 76±1,1 and 69±2,7 mmHg. Peripheral pulse
pressure tended to increase with decreasing BMI - 43±4,8; 43±1,0 and 45,3±3,0 mmHg. Heart
rate increased from first to third group. Indicators of vascular stiffness are also different
in selected groups. The velocity of reverse pulse wave in aorta was highest in first group (11,2
±1,1 m/s) compared with second (10,4±1,4 m/s) and third (8,8±0,5 m/s) groups. Maximum
values of peripheral augmentation index was in women with overweight (-39,8±6,9) and more
lower in women with normal (-49,0±1,8) and deficient weight (-50,1±2,3). Systolic CP were
characterized by greatest values in women with obesity - 119,7±4,5 and minimal in group
with weight deficiency – 101,3 ±2,9 mmHg. Similar trend is revealed by diastolic CP. Aortic
augmentation index (AIxao ) in three groups were 14,8±5,5; 7,2±1,2 and 4,4±3,4. In contrast,
pulse pressure amplification in the first group was smallest – 137,1±1,4 and 182,0±9,0;
187,2±23 % in second and third groups respectively.
Conclusion
Not only peripheral, but сentral hemodynamics of pregnant women associated with level of their
body mass too. In pregnant women with overweight CP should be measured during their
routine preventive inspection.
References
1. Benaim C, Freitas-Vilela A, Pinto T, Lepsch J, Farias D, dos Santos Vaz J, El-Bacha T, Kac G. Early
pregnancy body mass index modifies the association of pre-pregnancy dietary patterns with
serum polyunsaturated fatty acid concentrations throughout pregnancy in Brazilian women.
Maternal and Child Nutrition 2018; 14 (1): № e12480.
2. Aye I, Lager S, Ramirez V, Gaccioli F, Dudley D, Jansson T, Powell T.
Increasing maternal body mass index is associated with systemic inflammation in the mother and
the activation of distinct placental inflammatory pathways.
Biology of Reproduction 2014; 90 (6): № 129.

35

3. Evsevyeva M, Sergeeva O, Prokhorenko -Kolomoytsev I, Pavlov K. Cardiological aspects
of preventive management of pregnants: assessment of central pressure. The EPMA
Journal 2017; 8 (Suppl. 1): S27
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2.6 Cardio-ankle vascular index in female students, whose mothers differed
problematic pregnancy
Evsevyeva, Maria1; Sergeeva, Oksana1; Fursova, Elena1; Rusidi, Anjelika1; Kharchenko,
Margorita1
1Stavropol

State Medical University, Stavropol, Russia

The technique of determining of vascular stiffness using cardio-ankle vascular index (CAVI) has
advantages in comparison with assessment of pulse wave velocity [1,2]. It is accumulated data
on the using of CAVI in various patients [3,4]. But information on application of CAVI in the
field of maternal hemodynamics is insufficient. We decided to study CAVI in student girls,
which were born in result of physiological and complicated pregnancy.
Methods
The present study included 38 female students of the StSMU with using apparatus VaSeraVS1500 (FUCUDA DENSHI, Japan). In addition to the rigidity this method enables to determine
vascular age, which in turn, allows to identify cases of premature vascular ageing. It was formed
two groups of observations: group 1 – girls born following of complicated pregnancy (16 people);
group 2 – girls born in result of physiological pregnancy (22 people). The data are presented as
median and percentiles (25%; 75%). Statistic remote of data was performed with using software
package "Statistica 10.0" (StatSoft Inc, USA).
Results
It was found that for girls of the first group with burdened maternal obstetric history R-CAVI and
L-CAVI were 5,9 (4,8; 6,9) and 6,2 (5,1; 7,3), while in control group these parameters were
equal to 5,4 (4,2; 6,6) and 5,6 (4,6; 7,0). But differences between two groups did not reach
reliable levels. At the same time from 16 representatives of first group in two
cases (12,5%) vascular age exceeds their chronological age, while among girls in control group
none showed signs of premature vascular aging.
Conclusions
In clarification of risk factors in the framework of preventive measures among students should
check the obstetric history of their mothers. Presence of complicated pregnancy in the mother,
apparently, should be considered as an additional cardiovascular risk factor. But further studies
are needed in the discussed direction
References
1. Broadbridge C. Beta-Site Testing of the VaSera in Texas Clinic. CAVI Now & Future. The Best
Solution. 2015; 4: 26-30.
2. Wohlfahrt P, Cifkova R, Movsisyan N, Kunzova S, e.a. Reference values of cardio-ankle vascular
index in a random sample of a white population. J Hypert 2017; 35 (11): 2238-2244
3. Evsevyeva M, Fursova E, Eremin M, Rusidi A, Sergeeva O, Koshel V. Angiologic screening of
young population in South Region of Russia: experience with cardio-ankle index. J Hypertens
2017; 35(e-Suppl 2): e245.
4. Soska V, Frantisova M, Dobsak P, Dusek L, Jarkovsky J, Novakova M. Cardio-ankle vascular
index in subjects with dyslipidemia and other cardiovascular risk factors. J Atheroscler Thromb
2013; 20: 443-451.
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2.7 Oscillometric pulse wave analysis as a method to assess endothelial
function: a pilot study
Aldridge, Emily1,2; Wittwer, Melanie1,2; Chaudhuri, Debajyoti1; Chow, York Yann1,2; Arstall,
Margaret1,2
1University

of Adelaide, Adelaide, Australia, 2Lyell McEwin Hospital, Elizabeth Vale, Australia

Introduction
Endothelial dysfunction is a hallmark feature in the pathogenesis of preeclampsia. Nitroglycerin(GTN) and salbutamol-mediated changes in augmentation index (AIx), measured non-invasively
using applanation tonometry, is a well-described and validated method of assessing endothelial
function. Cuff-based oscillometric pulse wave analysis (PWA) devices have become readily
available alternatives to applanation tonometry, which can be highly user-dependent and
technically challenging. The current study aimed to assess endothelial function with GTN and
salbutamol using the Arteriograph [Tensiomed, Budapest, Hungary] and BP+ [USCOM, Sydney,
Australia]. We hypothesised that AIx would decrease significantly over time after GTN and
salbutamol administration in a healthy female population.
Methods
This prospective observational pilot study recruited healthy women aged 20-40 years who
underwent PWA using the Arteriograph (11 participants) and BP+ (10 participants). Once baseline
was established, a 10µl dose of GTN was given and AIx measured at 3, 5, 10, 15 & 20 mins. After
a 5-minute washout, 400mcg of salbutamol was administered and measurements repeated.
Statistical analyses were performed using multivariable linear mixed-effects modelling.
Results
Post-GTN AIx measured by the Arteriograph decreased significantly over time from baseline to 10
mins (3 mins (estimate=-15.8, CI: -10.2, -21.4, p=<0.05); 5 mins (estimate=-13.7, CI: -8.1, -19.4,
p=<0.05); 10 mins (estimate=-6.2, CI: -0.6, -11.8, p<0.05)). Post-GTN AIx measured by the BP+
decreased significantly from baseline to 5 mins (estimate=12.7, CI: 2.94, 22.46, p<0.05). Postsalbutamol AIx measured by both devices did not change significantly over time, even after
controlling for confounders and performing sensitivity analyses.
Conclusion
Our results show that the Arteriograph and BP+ detected endothelial-independent changes in AIx
over time, but not endothelial-dependent changes. Despite previous success using applanation
tonometry for this method, the cuff-based devices tested in this study may not be suitable for
detecting subtle endothelial changes during pregnancy.
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2.8 A novel fully-automated technique for measuring carotid intima-media
thickness in pregnant women
Santhirakumaran, Swina1; Tay, Jasmine1,2; Lees, Christoph1,2
College London, London, United Kingdom , 2Queen Charlotte's and Chelsea Hospital,
Imperial College NHS trust, London, United Kingdom
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Carotid intima-media thickness (CIMT) is commonly used to assess subclinical atherosclerosis and
cardiovascular risk. CIMT has been found to be increased in pre-eclamptic pregnant women
compared to normotensive pregnant women and therefore may have a role in antenatal care to
identify women at high risk of pre-eclampsia. However more studies are required to establish the
normal range of CIMT in pregnancy before such test can be implemented in the clinical
setting. Ultrasound technique is commonly adopted to measure CIMT. A novel operating package
uses an ultrasound fully-automated technique to measure CIMT.
This study aimed to determine the upper limit of CIMT in normal healthy pregnant women
between 24-40 weeks of gestation.
66 normotensive women between 24-40 weeks gestation were prospectively recruited for this
TM
study. The Samsung HS70A ultrasound system was used to obtain high-resolution B-mode
ultrasound images of the right common carotid artery from which CIMT was measured using a
fully-automated technique.
CIMT did not show a relationship with gestational age (r=-0.091, p>0.05). In our cohort, CIMT
th
ranged from 0.30mm-0.80mm, and the upper limit (97.5 percentile) of CIMT was 0.63mm.
The novel fully-automated ultrasound technique to measure CIMT may be applicable as a noninvasive bedside test for CIMT in pregnant women. This technique is easy to use, reproducible
and rapid. The upper limit of CIMT during 24-40 weeks of gestational age was 0.63mm.
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2.9 Cardiac alterations caused by preeclampsia
Kräker, Kristin1,2,3,4; Herse, Florian1,2,3; Müller, Dominik N1,2,3,5,6; Dechend, Ralf2,3,6,7; Haase,
Nadine8,2,3,4
Delbrück Center for Molecular Medicine, Berlin, Germany, 2Experimental and Clinical
Research Center, a joint cooperation between the Max-Delbrück Center for Molecular Medicine
and the Charité Medical Faculty, Berlin, Germany, 3Berlin Institute of Health (BIH), Berlin,
Germany, 4German Centre for Cardiovascular Research (DZHK), partner site Berlin, Germany,
5DZHK (German Centre for Cardiovascular Research), partner site Berlin, Germany, 6Charité –
Universitätsmedizin Berlin, corporate member of Freie Universität Berlin and Humboldt-Universität
zu Berlin, Berlin, Germany, 7HELIOS-Klinikum, Berlin, Germany, 8Max-Delbrück Center for
Molecular Medicine, Berlin, Germany
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Background
Preeclampsia affects about 5% of all pregnancies worldwide and is the main cause of morbidity
and mortality among mothers, foetuses and newborns in the western world. Long-term
morbidity was also observed in former preeclamptic mothers, with a significantly increased risk
of coronary heart disease. Recent studies show that women after preterm preeclampsia show
echocardiographic signs of AHA classification in stage B (asymptomatic heart failure) 2 years
postpartum although they were normotensive.
Objectives
The main goal is to find out what changes occur during preeclamptic pregnancy.
Methods
We have developed a transgenic rat model for preeclampsia with hypertension, proteinuria and
intrauterine growth restriction, in which a female rat harbouring the human angiotensinogen
gene is paired with a male transgene for human renin. For the evaluation we used
echocardiography, immunostaining and mRNA expression levels.
Results
Echocardiographic data show a decreasing ejection fraction, stroke volume and increased relative
wall thickness during the diastolic stage at the end of pregnancy in the preeclamptic rat. In
addition, speckle tracking analysis allows the description of the myocardial deformation
normalized to the original shape (strain) and the speed at which it occurs (strain rate). In all
dimensions (longitudinal, circumferential and radial), both in the long and short axis, a
significantly reduced global function of strain and strain rate was observed in the heart of
preeclamptic rats compared to controls. In addition, increased perivascular and interstitial
fibrosis was measured in combination with a higher perimeter of cardiomyocytes and an increase
in the invasion of CD68 macrophages.
Conclusion
These results show changes due to pathological pregnancy that lead to a change in the structure
and function of the left ventricle heart. Future studies will show how long these changes remain
postpartum and how much impact they will have on cardiovascular health.
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Session 4: Understanding physiology and pathophysiology
Non-invasive Monitoring: Lessons from Acute Medicine
Professor Timothy Rainer, Cardiff University, United Kingdom
Background
Haemodynamics as a general concept is well known to all clinicians, but apart from basic
observations few physicians evaluate detailed haemodynamics when they assess and treat patients
with acute illness and injury.
In this presentation we will provide a brief overview of non-invasive devices available for the
haemodynamic assessment and management of acutely ill patients, comment on the accuracy and
reliability for non-invasive ultrasonic cardiac output monitoring, and review the current evidence
and application for its role in clinical medicine with particular reference to shock, sepsis, cardiac
failure, and hypertension.
Objectives
Participants will learn about the principles, practice and potential for advanced, non-invasive
methods for cardiovascular and haemodynamic assessment and management. The potential for
non-invasive methods for assessing cardiac output and other haemodynamic indices will be
discussed.
Specifically, the audience will:
1.
Be introduced to the principles of cardiovascular and haemodynamic pathophysiology
2.
Learn about the accuracy and reliability of non-invasive cardiac output monitoring
3.
Appreciate the strengths and limitations of non-invasive cardiac output monitoring
4.
Receive an update of the current evidence for a role of non-invasive cardiac output
monitoring in acute medicine
Level
Intermediate
Language
English
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The maternal circulation is a circuit with interdependently functioning
components
Associate Professor Dr, Wilfried Gyselaers, University of Hasselt, Belgium
The heart, arteries, veins and blood volume are important components of the cardiovascular
circulation, each with specific properties and functions. During pregnancy, the global cardiovascular
circuit can be assessed non-invasively using combined ECG-Doppler ultrasound, impedance
cardiography and bio-electrical body composition assessment. With these technologies, a gradual
increase of body water volumes was observed in all pregnant women of a population with 400
pathologic and 1200 uncomplicated pregnancies, together with type-specific hemodynamic
dysfunctions relative to normal reference range values in the pregnancies complicated with poor
fetal growth, chronic hypertension, gestational hypertension, early onset and late onset
preeclampsia. These phenotype specific characteristics are present already in the late first trimester,
long before body water expansion is complete or clinical symptoms of disease present. These
findings suggest that gestational hypertensive diseases are the clinical end stages of early gestational
type-specific cardiovascular dysfunction. This observation opens perspectives towards the
application of biophysical markers for early prediction and management of gestational hypertensive
diseases, and towards the exploration of the pathophysiologic background mechanisms of
preeclampsia.
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Phenotype-specific Treatment of HT and FGR
Enrico M Ferrazzi, University of Milan, Italy
Blood pressure is a way of describing the end result of changes in cardiac output, intravascular
volume and vascular peripheral resistance. It is a reproducible and easily measured parameter, but
in itself, it offers only a limited understanding of the underlying hemodynamics.
In pregnancy, profound haemodynamic changes occur, and in Hypertensive Disorders of Pregnancy
defining a condition by blood pressure alone, or worse, just by the gestation age at onset, risks
missing the underlying cause. It is becoming increasingly evident that hypertension in pregnancy
may be associated with different placental pathologies, one characterized by shallow trophoblastic
invasion early in gestation, associate with low PLGF and high uterine arteries PI, and one developing
late in gestation mainly characterized by normal grown or even large fetuses and over-crowding of
tertiary villi, this latter condition is associated primarily with, high cardiac output and normal to
moderately increased peripheral resistance. The former, well known phenotype associated with fetal
growth restriction, is associated with low cardiac output and high peripheral resistance. Both
placental pathologies bear in common high levels of trophoblastic oxidative stress that eventually
ends into the downstream tertiary damage of the endothelium and, for our clinical screening
purposes, into high blood pressure. A knowledge of the underlying type of hypertension may allow
more rational prevention and treatment of these conditions. We hypothesize that in the near future
blood pressure measurements will be properly considered a robust screening test, whereas maternal
hemodynamic and feto-placental biophysical and molecular characteristics will become the ruling
diagnostic examinations.
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Session 5: Preconceptional physiology and strategies
Preconceptional cardiovascular status of former preeclamptic women in
relation to outcome of subsequent pregnancy.
Professor Dr Marc Spaanderman, MD PhD, Maastricht University Medical Center MUMC
Pregnancy requires substantial circulatory effort of the hosting mother. Pre-existing conditions in
cardiovascular and cardiometabolic state that lower circulatory capacity to balance increased
hemodynamic demands predispose to vascular derangements in pregnancy. On the one hand,
cardiometabolic stressors dyslipidemia, insulin resistance and diabetes affect the risk on fetal growth
disorders and maternal hypertensive complications. On the other hand, mechanical strain, either
originating from shallow venous reserves or abnormal arterial dynamics or demands, also affect the
risk on subsequent vascular complicated pregnancy and preterm birth. Pre-pregnancy analyses of
these risk-indicators may be helpful in counseling these women with respect to the taken risks and
instituted precautions regarding pre-pregnancy actions and preventive and guiding strategies during
pregnancy.
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Preconception functional haemodynamic testing: An insight into pregnancy
cardiovascular health
Dr Victoria Meah, University of Alberta, Alberta, Canada
Pregnancy is a major physiological stressor resulting in progressive adaptation of the maternal
cardiovascular system until delivery. Although the majority of women accommodate increased
cardiovascular stress, maladaptation to the demands of pregnancy is indicative of complications
later in gestation. Hypertensive and metabolic disorders of pregnancy have substantial implications
for both short- and long-term, maternal and foetal mortality and morbidity. Therefore, prediction
and prevention of such complications is of significant focus. In the general population, functional
haemodynamic assessments, such as aerobic exercise, isometric handgrip, and the cold pressor test,
are used to unmask cardiovascular disease risk; however, the potential value of such tests prior to or
during pregnancy has been sporadically explored. The transient stress of such tests could elicit
dysfunctional responses in women that may predict the development of complications later in
gestation. Currently, research into the value of functional haemodynamic testing prior to or during
pregnancy is in its infancy, yet previous work suggests such assessments are an important predictive
tool for gestational complications. This talk will cover the current understanding of clinical
application of functional haemodynamic testing before and during pregnancy.
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Pre-pregnancy Cardiovascular Optimization in Women with a History of
Preeclampsia
Ralph Scholten, Radboud University Nijmegen, The Netherlands
Preeclampsia and cardiovascular disease share common risk factors including abnormal metabolic,
hemodynamic and autonomic characteristics. If amenable to improvement, selective evaluation of
the metabolic and hemodynamic profile and subsequent directed interventions may help reduce the
risks of recurrent gestational hypertensive disease and remote cardiovascular disease in women with
a history of preeclampsia.
In the first study we systematically evaluated n=1234 women with a history of preeclampsia to
identify the post partum incidence and co-occurrence of metabolic and hemodynamic abnormalities.
Subsequently we studied the effects of 12-weeks supervised intensive aerobic exercise training in a
subgroup of women using a prospective case (n=24)-control (n=20) intervention study. The effects of
exercise training on metabolic parameters (insulin resistance and lipid profile), hemodynamic
parameters (blood pressure, vascular resistance and plasma volume), arterial characteristics (Intima
Media Thickness (IMT), Flow Mediated Dilation (FMD) and arterial shear flow patterns), venous
compliance and autonomic characteristics (autonomic balance using heart rate variability analysis)
were evaluated. The exercise intervention was quantified using VO2max testing.
Fifty percent of women with a history of preeclampsia demonstrate latent hemodynamic
abnormalities. The exercise intervention study demonstrated that post partum aerobic exercise
training has the potency to reduce insulin resistance, increase plasma volume and venous
compliance, improve the shear characteristics of the arterial blood flow and endothelial function and
to change the autonomic balance towards reduction of sympathetic dominance. Women with a
history of preeclampsia may particularly benefit from these effects of exercise training.
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WATCH UK: Why we need a pre-pregnancy population study
Dr Carmel McEniery, Senior Research Associate; Division of Experimental Medicine and
Imunotherapeutics, University of Cambridge
Complications of pregnancy relating to placental dysfunction, including pre-eclampsia (PE),
gestational hypertension (GH) and foetal growth restriction (FGR), are associated with long-term
adverse cardiovascular (CV) consequences for women and their children. However, existing
observational data describing a relationship between pregnancy complications and long-term
cardiovascular risk are potentially confounded by the presence of maternal cardiovascular risk
factors pre-pregnancy, as many of these are also risk factors for placental syndromes. Therefore, it is
necessary to determine whether placental syndromes have independent effects on post-partum
maternal cardiovascular health by studying a large cohort of women prior to pregnancy, during
pregnancy, and post-partum. A proposed UK based study – Women and their Cardiovascular Health
(WATCH-UK) will be discussed. This study has the potential to advance our understanding of the
mechanisms underlying placental syndromes, identify novel biomarkers and build a unique resource
of mothers, children and partners, for future study.
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OS 3: Free Communications on preconceptional assessment/management
and preclinical screening
3.1 Mitochondrial DNA copy number in peripheral blood in the first trimester
of pregnancy and different pre-eclampsia clinical phenotypes development: a
pilot study.
Busnelli, Andrea1,2; Lattuada, Debora1; Reschini, Marco1; Colcigahi, Barbara1; Somigliana,
Edgardo1,2; Ferrazzi, Enrico1,2
1Fondazione

IRCCS Ca’ Granda, Ospedale Maggiore Policlinico, Milan, Italy, 2Dept of Clinical
Sciences and Community Health, Università degli Studi di Milano, Milan, Italy

Purpose/Background/Objectives
Inflammation and oxidative stress are intrinsically linked to early poor placentation typical of
pregnancies complicated by pre-eclampsia associated with intrauterine growth restriction (PEIUGR) (1-6). According to indirect evidence, low mitcochondrial DNA copy number (mtDNAcn) in
peripheral blood constitutes a good peripheral surrogate marker of inflammation and oxidative
stress (7-11). On these basis, we explored a possible correlation between mtDNAcn in peripheral
blood in the first trimester of pregnancy and the onset of PE-IUGR.
Methods
A nested case-control study was designed from a prospective cohort of pregnant women
undergoing first trimester screening for aneuploidies. Two groups of patients affected by PE
classified according to the clinical phenotype were identified: (1) patients who developed PEIUGR, (2) patients who developed PE associated with appropriate for gestational age intrauterine
fetal growth (PE-AGAf). Controls were the subsequently referred women with a physiologic
pregnancy matched to cases on the basis of age (±6 months, ratio 2:1). Blood samples were
obtained from all participating women. MtDNAcn was quantified using real time PCR and
normalized to nuclear DNA.
Results
Table 1 summarizes the maternal characteristics, laboratory results and neonatal outcomes of
the control, PE-IUGR and PE-AGAf groups. The median (interquartile range-IQR) mtDNAcn in
peripheral blood in PE-IUGR patients (n=12) and in PE-AGAf patients (n=16) was 70 (44-97) and
108 (95-145), respectively (p=0.004). Both these values were significantly lower than that
detected in the control group (161 (133-183), p<0.001) (Figure 1). The area under the ROC curve
(AUC) for PE-IUGR and PE-AGAf were 0.94 (95%CI 0.88-1.00), p<0.001 and 0.81 (95%CI 0.700.91), p<0.001 respectively.
Conclusions
MtDNAcn in peripheral blood resulted significantly lower both in patients affected by PE-IUGR
and in those affected by PE-AGAf when compared to controls. The accuracy of this peripheral
biomarker resulted particularly good in predicting PE-IUGR.
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Figure or table 1.

Figure or table 2.
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3.2 Maternal demographics and hemodynamics for the prediction of fetal
growth restriction at booking, in pregnancies at high risk for placental
insufﬁciency
Stott, Daniel1; Bolten, Mareike2; Salman, Mona2; Paraschiv, Dana2; Clark, Katherine2; Kametas,
Nikos2
1King's

College Hospital, 2King's College Hospital, London

Introduction
Fetal growth restriction (FGR) is associated with poor perinatal outcomes. Screening and
prevention tools for FGR, such as uterine artery Doppler imaging and aspirin, underperform in
high-risk groups, compared with general antenatal populations. There is a paucity of sensitive
screening tests for the early prediction of FGR in high-risk pregnancies.
Materials and Methods
This was a prospective observational study based in a dedicated antenatal hypertension clinic at
a tertiary UK hospital. We assessed maternal demographic and central hemodynamic variables as
predictors for FGR in a group of women at high risk for placental insufﬁciency due to chronic
hypertension (n = 55) or a history of hypertension in a previous pregnancy (n = 71). Outcome
variables were birthweight z-score as well as development of FGR (deﬁned as birthweight below
the 5th or 3rd centile). Maternal hemodynamics were assessed using a noninvasive transthoracic
bioreactance monitor (Cheetah NICOM).
Results
The mean gestation at presentation was 13.6 (range: 8.5–19.5) weeks. Sixteen women delivered
babies below the 5th centile. Ten of these were below the 3rd centile. Independent predictors of
birthweight z-score were body surface area, peripheral vascular resistance and white ethnicity
(R2 = 0.26, p < 0.0001). Independent predictors of FGR were maternal height and cardiac output.
The area under the receiver operator characteristic curve for prediction of FGR was 0.915 (95% CI
0.859–0.972) and 0.9079 (95% CI 0.823–0.990) for FGR below the 5th and 3rd centiles,
respectively.
Conclusion
In women with chronic hypertension or a history of hypertension in a previous pregnancy,
maternal size and cardiac output at booking provide a sensitive screening tool for FGR
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3.3 A novel biomarker for Twin-to-Twin Transfusion Syndrome prediction in
maternal circulation
Carvalho, Berta1; Oliveira, Patricia2; Rodriguez Calvo, Jesus3; Montenegro, Nuno4; Barros,
Alberto1; Nicolaides, Kypros5; Matias, Alexandra6; Oliveira, Carla7; Carvalho, Filipa1
1Genetics,
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Molecular Pathology and Immunology, University of Porto, Porto,Portugal, 3Harris Birthright
Research Center, King’s College Hospital, London, UK 5; Fetal Medicine Unit-SAMID, Department
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Hospital 12 de Octubre (imas12), Universidad Co, 4Department of Gynecology/Obstetrics and
Pediatrics, Faculty of Medicine, University of Porto and S. João Hospital Center, Porto, Portugal ;
Instituto de Saúde Pública, Universidade do Porto, Porto, Portugal, 5Harris Birthright Research
Center, King’s College Hospital, London, UK, 6i3S, Instituto de Investigação e Inovação em
Saúde, University of Porto, Porto, Portugal; Department of Gynecology/Obstetrics and Pediatrics,
Faculty of Medicine, University of Porto and S. João Hospital Center, Porto, Portugal, 7i3S,
Instituto de Investigação e Inovação em Saúde, University of Porto, Porto, Portugal ; Ipatimup,
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and Oncology Unit, Department of Pathology, Faculty of

Purpose/Background/Objective
Though the pathophysiology of twin-to-twin transfusion syndrome (TTTS) is fairly well
understood, the molecular basis behind hemodynamic imbalance is still missing in the literature.
To improve TTTS screening we propose an efficient biological marker to warrant the early
prediction of TTTS, considering the severity of this disease.
Methods
Twenty two pregnant women with monochorionic twin gestations and TTTS, with clinical
indication for anastomosis laser coagulation surgery, were recruited, as well as, non-affected
controls. Cell-free fetal-RNA was extracted from amniotic fluid of TTTS affected pregancies and
controls. Gene expression microarrays to assess the expression landscape of cell-free fetal-RNA
isolated from the amniotic fluid were performed. Posteriorly, cell-free RNA was isolated from the
plasma of TTTS-affected pregnant women and control pregnacies.The cfRNA expression was
validated by qPCR.
Results
This strategy enabled the identification of HBB, the gene that codes for the ß-subunit of
haemoglobin, as upregulated in the amniotic fluid of TTTS-affected fetuses. HBB was found to be
upregulated in 86% of TTTS cases by expression microarrays and qPCR on amniotic fluid samples.
HBB expression was found to be significantly downregulated in the corresponding maternal
plasma in comparison with controls, with particular expression at earlier gestational ages.

Conclusions
HBB expression in maternal plasma is a promising biomarker for TTTS screening in monochorionic
twin gestations. The opposite HBB expression pattern observed in maternal plasma of women
carrying TTTS-affected fetuses, when compared with the corresponding amniotic fluid, could
likely be due to a maternal mechanism of compensation in response to the hemodynamic
imbalance characteristic of TTTS-affected fetuses.
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3.4 Abnormal body fluid volume homeostasis in pregnancies complicated
with hypertension or poor fetal growth
Dreesen, Pauline1,2
1Faculty

of Medicine and Life Sciences, Hasselt University, 3590 Diepenbeek, Belgium ,
of Obstetrics & Gynaecology, Ziekenhuis Oost-Limburg, 3600 Genk, Belgium

2Department

Objectives
To compare at different stages of pregnancy the body fluid volume homeostasis between women
with uncomplicated pregnancies and those having poor foetal growth or hypertension.
Methods
An observational study was performed in 717 pregnant women with an uncomplicated
pregnancy (UP), 28 with early preeclampsia (EPE), 83 with late preeclampsia (LPE), 71 with
gestational hypertension (GH), 23 with essential hypertension and 108 with small for gestational
age (SGA) neonates. Body fluid volumes (in L) of total body water (TBW), extracellular water
(ECW) and intracellular water (ICW), was measured by bio-impedance in first and/or second
and/or third trimester according to a reported standard protocol. A linear mixed model was used
to examine the differences between each diagnosis and between inter-trimestrial evolutions.
Results
Over the course of pregnancy, there is a significant increase in fluid parameters in each
diagnostic group (Table 1). As compared to UP, ECW is higher in EPE and both TBW & ECW are
lower in SGA; already from the first trimester onward. For LPE and GH, fluid volumes do not differ
from UP except for a significantly higher increase from second to third trimester.
Figure or table 1.
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Conclusions
Body fluid volume homeostasis is already abnormal in early gestation in EPE and SGA, and
becomes abnormal in later gestation for LPE and GH pregnancies.
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3.5 Phenotypes of pregnant women who develop hypertension in pregnancy
McLaughlin, Kelsey1; Zhang, Jianhong2; Lye, Stephen2; Parker, John1; Kingdom, John1
Health System, Toronto, Canada, 2Lunenfeld-Tanenbaum Research Institute, Toronto,
Canada
1Sinai

Background
1
Hypertensive disorders complicating pregnancy are a major global cause for maternal death . Our
objective was to utilize consolidated maternal hemodynamic, placental and clinical prognostic
indicators to characterize and identify phenotypes of hypertensive pregnant women, and to
2-3
evaluate the clinical usefulness of these parameters .
Methods
26 pregnant women at high-risk of new-onset hypertension in pregnancy and 20 healthy
pregnant controls were recruited at 22-26 weeks gestation. Maternal hemodynamic, placental
and clinical characteristics were assessed and aggregated. Pregnancy outcome data was
collected. Unsupervised clustering and principle component analysis were applied to this
combined dataset.
Results
Unsupervised clustering identified 3 groups within this population of 46 pregnant women, herein
classified as low-risk, moderate-risk and high-risk for hypertensive disorders of pregnancy. Total
peripheral resistance was the most significant parameter between these low, moderate and high−5
−5
−5
risk groups (877±133 dyn·s·cm vs 1184±125 dyn·s·cm vs 1614±107 dyn·s·cm , respectively;
P<0.0001), followed by placental growth factor (424±152 pg/mL vs 232±157 pg/mL vs 39±15
pg/mL, respectively; P<0.0001) and cardiac output (7.1±1.2 L/min vs 5.9±0.7 L/min vs 4.7±0.7
L/min, respectively; P<0.0001). Principal component analysis determined that the top 3
dimensions accounted for 56% of the cohort variability. The first dimension accounted for 30% of
the variability, with significant contributions from total peripheral resistance, endoglin and
cardiac output; the second dimension was predominantly influenced by BMI and mean arterial
pressure, while uric acid and myeloperoxidase mainly contributed to the third dimension (Figure
1). An area under the receiver operating characteristic curve of 0.96 (95% CI 0.91-1) was
observed utilizing peripheral resistance, placental growth factor, cardiac output and endoglin in
the 2nd trimester for the prediction of hypertensive disorders of pregnancy (Figure 2).
Figure or table 1.
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Figure or table 2.

Conclusions
nd
Consolidated assessment of prognostic indicators in the 2 trimester of pregnancy may be useful
to characterize and distinguish hypertensive women, leading to pathway-specific screening
programs with tailored preventative strategies.
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3.6 Longitudinal study to assess changes in arterial stiffness and cardiac
output parameters among low-risk pregnant women
Osman, Mohamed Waseem1,2; Nath, Mintu2; Khalil, Asma3; Webb, David2,1; Robinson,
Thompson2; Mousa, Hatem2,1
1University

Hospitals of Leicester, 2University of Leicester, 3St Georges University Hospitals

Abstract Content
Aim
A single-centre, prospective longitudinal study to assess changes in maternal arterial stiffness and
cardiac output parameters among low-risk healthy pregnant women.
Methodology
Thirty low-risk, healthy, pregnant women attending their routine antenatal dating ultrasound
scan were recruited. Non-invasive assessment of arterial stiffness and cardiac output was
undertaken at five gestational windows from 11 to 40 weeks of pregnancy. Data were analysed
using a linear mixed model incorporating time and other relevant predictors as fixed effects, and
patient as a random effect.
Results
Gestational age (GA) had a significant effect on all arterial stiffness parameters, including brachial
augmentation index (AIx) (p=0.001), aortic AIx (p=0.002) and aortic pulse wave velocity (PWV)
(p=0.002). The aortic AIx reduced during pregnancy: the lowest mean (standard error, SE) was
4.07% (1.01) at 28 weeks before it increased to 7.04% (SE 1.64) at 40 weeks.
Similarly, non-invasive assessments of the cardiac output (p<0.001), stroke volume (p=0.014),
heart rate (p<0.001) and total peripheral resistance (p<0.001) demonstrated significant changes
with GA. The mean cardiac output (l/m) increased during pregnancy reaching a peak at 28 weeks’
gestation [6.66L/min (SE 0.28)], but dropped thereafter to reach 5.71L/min (SE 0.25) at term.
Conclusion
The current study provides pregnancy normograms for gestational changes in arterial stiffness
and cardiac output parameters among low-risk, healthy pregnant women. Further work will be
required to assess the risk of placental mediated diseases and pregnancy outcome among
pregnant women with parameters outside the normal range.
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Figure or table 1.
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3.7 Arterial stiffness during controlled ovarian hyperstimulation and early
pregnancy in women exposed to assisted reproduction
von Wowern, Emma1; Saldeen, Pia2; Olofsson, Per1
1Institution

of Clinical Sciences Malmö, Dept of Obstetrics and Gynecology, Lund University,
Malmö, Sweden, 2Institution of Clinical Sciences Malmö, Nordic IVF, Malmö, Sweden

Introduction
Female sex hormones are known to have vasorelaxing effects in non-pregnant and pregnant
individuals. Arterial stiffness is determined by vascular properties and can be assessed by digital
pulse wave analysis (DPA). We aimed to investigate the effect of controlled ovarian
hyperstimulation (COH) for in vitro fertilization (IVF), and early pregnancy, on DPA arterial
stiffness variables, hypothesizing reduced arterial stiffness as an effect of increasing estrogen
levels.
Material and Methods
68 women undergoing IVF were examined with DPA before conception and during IVF treatment
with COH and embryo transfer (ET), and in gestational week seven in 19 women who became
pregnant. Heart rate (HR), mean arterial pressure (MAP) and DPA variables cardiac ejection
elasticity index (EEI), b/a, dicrotic index (DI), d/a and aging index (AI) were measured.
Results
HR was significantly increased at all measuring points (p ≤ 0.003) but MAP only at ET (p 0.007).
DPA variables representing large arteries (EEI, b/a) and peripheral arteries (DI, but not d/a), and
the global variable AI, indicated increased arterial stiffness at ET compared with baseline (p ≤
0.035). No DPA variable was significantly changed at pregnancy measurements.
Conclusion
There were no changes in arterial stiffness as detected by DPA during the follicular phase or in
early pregnancy, but increased arterial stiffness in central and peripheral arteries in early luteal
phase during COH for IVF treatment. This could be the result of hormonal hemodynamic
activation counteracting the effects of estrogen.
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Session 6: Hemodynamics of GHD and/or IUGR
Hemodynamic Characteristics of TTP, HUS and AFLP and their Relationship
with Pre-eclampsia
Dr David Williams, University College London Hospital, United Kingdom
The syndrome of pre-eclampsia includes the hallmarks of a thrombotic microangiopathic haemolytic
anaemia (TMA). These include hypertension, thrombocytopenia, consumptive coagulopathy,
neurological symptoms and signs and renal impairment. Distinguishing pre-eclampsia from other
TMAs such at Thrombotic Thrombocytopaenic Purpura (TTP) and Haemolytic Uraemic Syndrome
(HUS) is critical to appropriate management. Acute Fatty Liver of pregnancy (AFLP) is a metabolic
condition and not primarily a TMA. However, AFLP often has signs that overlap with pre-eclampsia.
This lecture will provide key haematological, biochemical and haemodynamic differences between
pre-eclampsia, TTP, HUS and AFLP that will allow the clinician to improve outcome for mother and
offspring.
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Why early and late PE are the same condition
Jasmine Tay, Imperial College London, United Kingdom
Pre-eclampsia and fetal growth restriction are associated with profound maternal cardiovascular
changes though how changes in cardiac output and peripheral vascular resistance relate to the
severity of disease remains contentious. Antihypertensive drugs are targeted at maternal blood
pressure control and conventionally administered without reference to underlying maternal
haemodynamics. In pre-eclampsia, cardiac output is high and peripheral resistance low. In fetal
growth restriction with pre-eclampsia, the opposite is true and in fetal growth restriction, there is
increased peripheral resistance. Arterial function is abnormal in all cases.
In contrast to the widely held view of ‘early and ‘late’ PE, haemodynamic changes were unrelated to
gestational age at onset but determined by the presence or absence of FGR. Determining maternal
cardiovascular phenotype of high CO/low PVR or low CO/high PVR pre-eclampsia both defines the
underlying pathology and provides a rational basis to guide antihypertensive therapy.
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PreMoM: The Belgian project on telemonitoring for women at risk for GHD
Dorien Lanssens, University of Hasselt, Belgium
In 2015, we showed the value of a remote monitoring (RM) follow-up program for women diagnosed
with gestational hypertensive disorders (GHD) compared with women who received conventional care
(CC). We want to confirm or refute the conclusions drawn in 2015, by including data from 2016.
A two year retrospective study in which all women diagnosed with GHD, who underwent prenatal
follow-up at the outpatients prenatal clinic of Ziekenhuis Oost-Limburg (Genk, Belgium) during 2015
and 2016, were included. Of the 320 women diagnosed with GHD, 28.13% were monitored with RM.
The other 71.88% GHD pregnancies were received CC.
The RM group had more women diagnosed with gestational hypertension but less with pre-eclampsia
when compared to the CC group. In both uni- and multivariate analyses, the RM group had, when
compared to the CC group, less prenatal admission (until the moment of the delivery), less induced
starts of the birth process, more spontaneous starts of the birth process, more births after 37 weeks
of gestational age in pregnancies complicated with gestational hypertension and pregnancies
complicated with pre-eclampsia. In multivariate analysis, a reduction in total number of prenatal visits
was visible in the RM group when compared to the CC group. Only in the univariate analysis was the
mean gestational age at delivery between 34 and 37 weeks of gestation in pregnancies complicated
with gestational hypertension higher in the CC group versus the RM group. These conclusions were
almost the same as in the analyses of 2015, except (1) there wasn’t a difference anymore in NICU
admissions between the RM and CC group in the analyses of 2015 - 2016 and (2) a significant decrease
in total number of visits is reported in the RM group in the dataset of 2015 - 2016, which wasn’t visible
in the dataset of 2015.
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Doppler changes and maternal cardiovascular function
Christoph Lees, Imperial College London, United Kingdom
[Abstract to follow]
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Session 7: Management of GHD and/or IUGR
Vascular Function in Women with Chronic Hypertension
Professor Lucy Chappell, NIHR Research Professor in Obstetrics
Management of hypertension in pregnancy has relied on measurement of brachial blood pressure by
conventional methods, but novel vascular function measures may be more informative for
understanding association with adverse pregnancy outcomes and choice of optimal treatment,
particularly in women with chronic hypertension in pregnancy.
In a prospective study of pregnant women recruited to the PANDA (Pregnancy And chronic
hypertension: NifeDipine vs lAbetalol as antihypertensive treatment) study, we undertook serial
pulse wave analyses using the Arteriograph® (Tensiomed, Budapest, Hungary) from 12 weeks’
gestation onwards and explored the relationships with treatment, pregnancy complications and
ethnicity.
In 87 women randomised to treatment, there was a mean 7.4 mm Hg decrease (−0.4 to −14.4 mm
Hg) in central aortic pressure and 8.2% reduction (−3.0% to −13.3%) in augmentation index between
randomization and delivery in those allocated nifedipine compared with labetalol; peripheral blood
pressures were no different between treatment groups. There was no significant difference in pulse
wave velocity between treatment groups
In 97 women evaluated prospectively, mean brachial systolic blood pressure (SBP) (148 vs 139
mmHg), mean diastolic blood pressure (DBP) (87 vs 82 mmHg), mean central aortic pressure (139 vs
128 mmHg) and mean augmentation index (AIX-75) (29 vs 22%) were significantly higher across
gestation in 17 women who developed superimposed pre-eclampsia compared to 80 who did not.
Similar results were found in 29 women who delivered a small for gestational age infant. There were
no longitudinal differences in vascular function parameters in women of Black ethnicity compared to
non-Black ethnicity.
Differences in in vascular function parameters and brachial blood pressure by class of
antihypertensive medication and in association with subsequent adverse pregnancy outcome may
improve understanding of treatment response and amelioration of pregnancy complications.
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Monitoring Antihypertensive Therapy with Hemodynamics
Daniel Stott, King’s College Hospital London, United Kingdom
King’s College London has a dedicated antenatal hypertension clinic. At this clinic we have examined
maternal hemodynamics in order to both guide antihypertensive therapy in pregnancies affected by
hypertension, and also to help elaborate hemodynamic profiles associated with hypertensive
pregnancies, gestations affected by fetal growth restriction, and to examine the effect of ethnicity
on the hemodynamic response to treatment with labetalol in pregnancy.
We have found that by using a prediction model based on maternal stroke volume, heart rate and
ethnicity to inform the oral treatment of hypertension in pregnancy in those presenting with new
onset high-blood pressure, we were able to reduce rates of severe hypertension.
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Preeclampsia and Maternal Cardiac Function
Professor Basky Thilaganathan, MD PhD FRCOG, Fetal Medicine Unit, St George's Hospital, St
George's University of London, Cranmer Terrace, London SW17 0RE, UK
Defective placentation is associated with persistence of a high-resistance uterine circulation,
impaired placental perfusion and a placental ‘stress’ response leading to the development of
preeclampsia. It has been proposed that early-onset preeclampsia comprises a disease entity which
is distinct from late-onset preeclampsia. The latter has been attributed as “maternal” preeclampsia,
while the first has been dubbed as “placental” preeclampsia – a rather simplistic dichotomy. There
are inconsistencies with the placental origins hypothesis, especially when considering the lack of a
causative association with abnormal placental histology or lack of impaired fetal growth in the
majority of cases (a TED Talk on this topic can be accessed here: http://bit.ly/2i1SqDk).
An alternative explanation is that preeclampsia is secondary to maternal cardiovascular
maladaptation in pregnancy. After all, the primary derangement in preeclampsia involves
widespread and profound effects on the heart and endothelial system. The concept that placental
dysfunction is secondary to a maternal disorder is not new when one considers the clinical
similarities between preeclampsia and gestational diabetes - both pregnancy-specific conditions that
are cured by birth (Table). It is accepted that gestational diabetes develops when the maternal
pancreas is unable to manage the glucose load of pregnancy. Emerging evidence demonstrates that
pregnancy presents a substantial cardiovascular load on the maternal heart, and that cardiovascular
dysfunction precedes the disorder, predominates in the clinical syndrome and - most significantly persists postpartum.
To date, the placenta has been considered in isolation without regard to the fact that it’s functioning
is dependent on adequate perfusion by the maternal circulation. The involvement of the
cardiovascular system in the pathogenesis of preeclampsia and placental dysfunction has significant
implications for screening, triage, diagnosis, peripartum care and postnatal management of women
at risk of preeclampsia.
References
1. Kalafat E and Thilaganathan B. Cardiovascular origins of preeclampsia. Curr Opin Obstet
Gynecol. 2017;29:383-389.
2. Melchiorre K, Sharma R, Khalil A, Thilaganathan B. Maternal Cardiovascular Function in
Normal Pregnancy: Evidence of Maladaptation to Chronic Volume Overload.
Hypertension. 2016;67:754-62.
3. Behrens I, Basit S, Melbye M, Lykke JA, Wohlfahrt J, Bundgaard H, Thilaganathan B, Boyd HA.
Risk of post-pregnancy hypertension in women with a history of hypertensive disorders of
pregnancy: nationwide cohort study. BMJ. 2017 Jul 12;358:j3078.
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Table: Comparison of general outlines of gestational diabetes and preeclampsia as pregnancyrelated disorders
Gestational Diabetes

Preeclampsia

Maternal organ system

Endocrine

Cardiovascular

Definition

New onset hyperglycemia
after 20wks

New onset hypertension
after 20wks

Diagnosis

High glucose level

High BP

Pre-pregnancy disease

Results in a more severe
pregnancy phenotype

Results in a more severe
pregnancy phenotype

Same as for diabetes

Same as for cardiac disease

GTT (measure of pancreatic
function)
Improves with testing in
later pregnancy

BP
(measure of cardiac function)
Improves with testing in
later pregnancy
Relative cardiovascular
insufficiency

Definition and diagnosis

Clinical characteristics
Predisposing factors
Screening test
Screening performance
Organ function

Relative insulin insufficiency

Disease amelioration

Reduce load (lower carbs)

Reduce load (lower BP)

Disease cure

Birth

Birth

Pregnancy outcome
Fetal outcome (short term)
Infant outcome (long term)
Maternal short term outcome
Maternal long term outcome

Macrosomia in severe/early
GDM
Increased risk of obesity and
early-onset diabetes
Most normoglycaemic
Occasional hyperglycemia
50% risk of diabetes
within 10 years
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SGA in severe/early PE
Increased risk of
cardiovascular disease
Most normotensive
Occasional hypertension
30% risk of hypertension
within 10 years

OS 4: Free Communications on management during disease and postpartum
4.1 Preeclampsia and the risk of later dementia -- a nationwide cohort study
Basit, Saima1; Wohlfahrt, Jan1; Boyd, Heather1
1

Statens Serum Institut, Copenhagen, Denmark

Background
Preeclampsia has been linked with later cognitive impairment and brain atrophy, but
epidemiological studies have not confirmed a link with dementia later in life. We conducted a
register-based cohort study to explore associations between preeclampsia and later dementia,
overall and by dementia subtype.
Methods
Our cohort included all women in Denmark with ≥1 live birth or stillbirth between 1978 and 2015.
Using Danish national registers, we identified women who subsequently developed dementia.
We used Cox regression to estimate hazard ratios comparing dementia risk among women with
and without a history of preeclampsia.
Results
Our cohort consisted of 1,178,005 women with 20,352,695 person-years of follow-up. Women
with a history of preeclampsia had a 53% increase in risk of dementia overall (hazard ratio [HR],
1.53; 95% confidence interval [CI], 1.26-1.85) and more than three times the risk of vascular
dementia (HR, 3.46; 95% CI, 1.97-6.10) later in life, compared with women with no history of
preeclampsia. In contrast, only modest associations were observed for both Alzheimer’s disease
(HR 1.45; 95% CI 1.05-1.99) and unspecified dementia (HR, 1.40; 95% CI 1.08-1.83). The
association with vascular dementia appeared to be stronger for late-onset disease (age ≥65
years, HR, 6.53; 95% CI, 2.82-15.1) than for early-onset disease (age <65 years, HR, 2.32; 95% CI,
1.06-5.06) (P=0.08). Adjustment for diabetes, hypertension and cardiovascular disease
attenuated the hazard ratios only moderately. Sensitivity analyses estimating the impact of
potential confounders for which data were incomplete (smoking, body mass index) showed that
these factors were unlikely to explain the association between preeclampsia and vascular
dementia.
Conclusions
Preeclampsia was associated with an increased risk of dementia, vascular dementia in particular.
Cardiovascular disease, hypertension, and diabetes were unlikely to mediate the associations
substantially, suggesting that preeclampsia and vascular dementia may share underlying
mechanisms or susceptibility pathways.
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4.2 Haemodynamic assessment and gestational diabetes mellitus: could we
improve the identification of the obstetric risk?
Pisani, Ilaria1; Lo Presti, Damiano2; Tiralongo, Grazia Maria1; Farsetti, Daniele3; Gagliardi, Giulia1;
Vasapollo, Babara1; Novelli, Gian Paolo4; Valensise, Herbert3
Casilino, Rome, Italy, 2University of Rome Tor Vergata, Romem Italy, 3University of
Rome Tor Vergata, Rome, Italy, 4S. Sebastiano Martire Hospital, Frascati, Italy
1Policlinico

Objectives
Hyperglycemia caused by gestational diabetes has been associated by many studies to the
development of alterations in the cardiovascular system. The aim of our study was to assess
haemodynamic parameters in a population of pregnant women during the III trimester of
pregnancy after the diagnosis of gestational diabetes (GDM) and to evaluate foetal and maternal
outcome at delivery.
Methods
31 women underwent a non-invasive haemodynamic measurement throughout the USCOM
method at the moment of diagnosis. This population was compared to haemodynamic
assessment in a population of women with physiological pregnancies matched for gestational
age. We repeated the haemodynamic assessment after 2 and 4 weeks. Our population was
divided and compared according to therapy: diet or diet plus insulin.
Results
We found higher Total Vascular Resistance (TVR) in group with GDM compared to physiological
pregnancy (Tab.1). We divided our population according to the treatment. Patients that obtained
a good glycemic control with diet presented significative lower TVR, that returned to the values
of physiological pregnancy population (Fig.1). Patients that needed insulin therapy showed
higher TVR. The hemodynamic profile of women with GDM who had a normal labour was
compared to patients who had complications. There were significant differences between the
values of Stroke Volume (88±16 vs 73±12, p0.007), Inotropy Index (1.80±0.40 vs 1.50±0.40,
p0.05), and PE/KE (22.80±8.50 vs 34.70±13.20, p0.002). We divided our population in two groups
according to TVR: we found a higher incidence of labour complication (pPROM, preterm labour,
macrosomia, caesarean section for foetal distress and PPH) in patients with TVR >1200 dyne.
Figure or table 1.
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Figure or table 2.

Conclusions
Pregnant women with GDM seem to have pathological adaptations of the cardiovascular system
as evidenced by increased TVR and by the decrease in Cardiac Output, Inotropy Index and Stroke
Volume. Additionally, patients with an altered haemodynamic profile were associated with
higher incidence of labour complication.
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4.3 Role of maternal hemodynamic evaluation in the definition of fetuses
with growth restriction outcome
Lo Presti, Damiano1; Tiralongo, Grazia Maria2; Farsetti, Daniele1; Pisani, Ilaria2; Gagliardi, Giulia2;
Vasapollo, Barbara2; Novelli, Gian Paolo3; Valensise, Herbert1
of Rome Tor Vergata, Rome, Italy, 2Policlinico Casilino, Rome, Italy, 3Ospedale San
Sebastiano Martire, Frascati, Italy
1University

Objective
To identify the maternal haemodynamic condition in pregnancies affected by fetal growth
restriction (FGR) and to assess the potential correlation with the fetal-maternal outcome.
Methods
100 pregnant women underwent a non-invasive cardiovascular assessment and enrolled at the
time of definition of fetal growth restriction. According to the fetal ultrasonographic features and
to the gestational age at diagnosis, we collected small for gestational age (SGA) (n=50), early fetal
growth restriction (eFGR) (n=32) and late fetal growth restriction (lFGR) (n=18) fetuses.
Furthermore we labelled each woman only considering haemodynamic values of total vascular
resistance (TVR) at the time of enrolment.
Results
-5
We obtained a group A with low TVR (<1100 dyne-cm-sec ) (n=58) and a group B with high TVR
-5
(>1100 dyne-cm-sec ) (n=42). Population distribution is represented in Fig.1. Group A is
composed by 66% of SGA, 17% of eFGR and 17% of lFGR whereas in group B we had 40% of SGA,
43% of eFGR and 17% lFGR. As regards the complications we noticed an elevated incidence in
high TVR group. Focusing on SGA fetuses, we found 14% of incidence of complications in group B
and 30% in group A.
Figure or table 1.
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Figure or table 2.

Conclusions
We observed an overall increased risk of fetal complications in the group of women with an
underlying maternal cardiovascular disorder. This impairment is expressed by a state of
hypodynamic circulation with elevated TVR, a decreased preload and a poor capacity of the heart to
ensure an appropriate placental perfusion. Although SGA fetuses are not defined as compromised,
we have demonstrated that those with an impaired haemodynamics have worse outcome behaving
like FGR fetuses. This might suggest a new definition of risk correlated to the maternal
cardiovascular condition.
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4.4 Monochorionic twin pregnancy and its “physiological” cardiac
dysfunction during 3rd trimester
Farsetti, Daniele1; Tiralongo, Grazia Maria2; Pisani, Ilaria2; Lo Presti, Damiano1; Gagliardi, Giulia2;
Vasapollo, Barbara2; Novelli, Gian Paolo3; Khalil, Asma4; Thilaganathan, Baskaran4; Valensise,
Herbert1,2
of Tor Vergata, Rome, Italy, 2Policlinico Casilino, Rome, Italy, 3San Sebastiano Martire
Hospital, Frascati (Rome), Italy., 4St George's University of London, London, United Kingdom.
1University

Objectives
Present knowledge about maternal hemodynamics in twin pregnancies is that they are
characterized by hyperdinamic circulation, increased blood volume, increased cardiac output
(CO), and reduced total vascular resistance (TVR). All these changes are more evident in a twin
pregnancy than in single pregnancy. The aim of our study was to assess the hemodynamic
changes in monochorionic (MC) and dichorionic (DC) twin pregnancies, in order to understand
how the chorionicity can influence cardiac function.
Methods
nd
We enrolled 58 twin pregnancies at 2 trimester and we divided them into two groups:
dichorionic (n: 38) and monochorionic (n: 20) twin pregnancies. We performed hemodynamic
assessment with USCOM method and analyzed blood test values at the time of enrollment. The
evaluation was repeated during the third trimester.
Results
Our two groups are similar in terms of maternal age, ethnicity, BMI. Dichorionic pregnancies are
more frequently achieved through assisted reproductive technologies. The mean gestational age
rd
at the enrollment is 22 weeks, and the second evaluation (in 3 trimester) is performed at about
31-32 weeks. There are no differences in terms of blood values. As shown in the table, during the
2nd trimester the hemodynamic profile is similar in the two groups, while during the 3rd
trimester, monochorionic twin pregnancies present increased TVR, reduced CO and inotropism
value (INO) and increased potential to kinetic energy ratio (PKR). On the contrary, dichorionic
twin pregnancies maintain a low resistance hemodynamic profile during the 3rd trimester.
Conclusions
rd
During the 3 trimester, monochorionic twin pregnancies have high TVR, low CO and INO, and a
hypodynamic circulation. This condition of cardiac dysfunction probably reflects the fact that
monochorionic twin pregnancies (characterized by a single placental bed) have an increased
blood volume in their bloodstream.

73

Figure or table 1.

Figure or table 2.
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4.5 Some complications of pregnancy and arterial stiffness in the presence of
isolated central hypertension
Evsevyeva, Maria1; Sergeeva, Oksana2; Prokhorenko-Kolomoytseva, Irina2; Pavlov, Kiril2;
Kudrjavtseva, Victoria2
1Stavropol

State Medical University, Stavropol, Russia , 2Stavropol State Medical University

Background
The problem of hypertension in pregnant women (PW) is a subject of many studies [1,2].
However, to question of isolated increasing of aortic pressure during pregnancy was given much
less attention [3]. We aimed to evaluate the indices of vascular stiffness in PW in presence
of isolated central hypertension (ICH) in correlation with some complications of pregnancy.
Methods
The study included 89 women in 1st trimester of pregnancy. The signs of eclampsia, preeclampsia (PE) and syndrome of delayed fetal growth (SDFG) were evaluated. Determining of
central pressure (CP) was performed using diagnostic system BPLab Vasotens (Petr Telegin,
Russia). Inclusion criteria – presence of level of systolic blood pressure on shoulder in the range
of 110-129 mmHg. Among these women were identified bearers of CP on level above 90th
percentile for relevant age group in accordance with established reference indicators [4]. These
women were included in first group with ICH (27 persons). The rest ones with normal pressure
on shoulder and in aorta constituted second control group (62 persons). Data were processed
using software package "Statistica 10.0" (StatSoft Inc, USA).
Results
It turned out that carriers of ICH had higher parameters of vascular stiffness compared with
women in the control group. Particularly significant difference is revealed from aortic
augmentation index 5,4±1,1 vs 2,1±0,8 (р˂ 0,05). All cases of complications were
identified only in first group. So frequency of PE and SDFG amounted to 11,1%.The average
weight of newborns in first group also differed from control in direction of
its decrease - 3338±99,6g vs 3487±125,3g .
Conclusions
As ICH in pregnant women is associated with increased vascular stiffness, which has been proven
negative prognostic potential, it is necessary to assess CP in process of preventive conduct of
this contingent by inernist.
References
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4.6 Cardiovascular effects of oxytocin and carbetocin at caesarean section, a
prospective double-blind randomised study using non-invasive pulse wave
analysis
Rabow, Sofus1; Olofsson, Per2; Jonsson, Hanna2; Jonsson, Emilie2
1Institution

of Clinical Sciences Lund, Lund University, Department of Anaesthesiology and
Intensive Care, Skåne University Hospital, Lund, Sweden, 2Institution of Clinical Sciences Malmö,
Department of Obstetrics and Gynaecology, Skåne University Hospital, Malmö, Sweden

Background
Oxytocin is routinely administered after delivery for prophylaxis and treatment of post-partum
haemorrhage, but it is associated with considerable cardiovascular side-effects. Carbetocin, a
synthetic oxytocin analogue, has a myometrial contraction effect of 60 min when given IV
1,2
compared with 16 min for oxytocin. The objective of the study was to investigate whether
there is a difference between oxytocin and carbetocin in cardiovascular effects.
Materials and Methods
61 healthy, singleton pregnant women undergoing elective caesarean section in spinal
anaesthesia, were randomised to receive an IV bolus of either 5 units (8.3 µg) of oxytocin or 100
µg of carbetocin after delivery of the baby. Photoplethysmographic digital pulse wave analysis
TM
(DPA) parameters were recorded with Meridian DPA . Heart rate (HR), mean arterial blood
pressure (MAP), ECG ST index and DPA were recorded before and after drug administration at
pre-defined time-points. Non-parametric statistics were used with a two-sided P value <0.05
considered significant.
Results
Oxytocin caused a temporary decrease in HR after injection. Neither drug caused any STdepression, nor subjective cardiac symptoms. Both drugs show comparable vasodilatory DPA
effects and a decrease in MAP. MAP had a longer recovery phase in the carbetocin group. The
need for additional uterotonics was 27 % in the oxytocin group and 10 % in the carbetocin group.
Conclusion
Oxytocin and carbetocin have similar cardiovascular effects. The minor differences observed
were mainly related to the longer half-life of carbetocin.
References
1 Moertl M, Friedrich S, Kraschl J, et al. Haemodynamic effects of carbetocin and oxytocin given
as intravenous bolus on women undergoing caesarean delivery: a randomised trial. BJOG
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4.7 Intraoperative haemodynamic monitoring during high-risk caesarean
section: a comparison between pressure waveform (LidCOrapid® ) and
bioreactance analysis (NICOM®)
Gutierrez Henares, Juan de Dios1; Perry, Dr. Helen1; Vinayagam, Dr. Dimuth1; Columb, Dr.
Malachy O2; Bampoe, Dr Sohail3; Khalil, Dr. Asma1; Thilaganathan, Professor Basky4
Medicine Unit, St George's University of London, London, UK., 2Acute Intensive Care Unit,
University Hospital of South Manchester, Wythenshawe, UK, 3Consultant Anaesthetist. Centre for
Anaesthesia and Perioperative Medicine. University College London. London, UK , 4Fetal Medicine
Unit, St George's University of London, London, UK
1Fetal

Background
Caesarean section for mothers with adherent placenta is associated with considerable changes in
maternal haemodynamics during the procedure. Autonomic blockade following spinal
anaesthesia, combined with the physiological changes of delivery together with often
considerable blood loss all result in periods of haemodynamic instability. Invasive cardiac output
monitoring is often routinely used in these cases to guide volume resuscitation. Non-invasive
cardiac output monitoring devices are now available that may result in less maternal discomfort.
The aim of this cross-comparison study was to compare the Cheetah Medical NICOM® noninvasive cardiac output monitor against the LiDCOrapid® invasive cardiac output monitor for
interchangeability and measurement agreement.
Methods
A total of 307 paired readings of cardiac output, stroke volume and cardiac index were recorded
at 2 min intervals from ten women undergoing a ‘triple P’ procedure for caesarean section
complicated by adherent placenta. Agreement was assessed using Bland and Altman plots and
the Agreement/Tolerable Index (ATI) to quantify the risk of extreme to extreme misclassification
with a tolerable interval of 4L/min considered appropriate to separate low cardiac output and
high cardiac output states in pregnancy.
Results
Data from 10 patients were analysed. Mean bias was 3.05 L/min (95% CI 1.89 to 4.21). Limits of
Agreement were, lower bound: -1.58 L/min (95% CI -4.47 to -0.14) and upper bound: 7.68 L/min
(95% CI 6.24 to 10.56). The resulting agreement interval was 9.26L/min which displayed an ATI of
2.3.
Conclusion
An ATI of 2.3 (>2.0) indicates unacceptable agreement as extreme-to-extreme misclassification
might occur. Therefore, both devices should not be considered interchangeable in this particular
clinical scenario as misclassifying a low cardiac output state as a high cardiac output state
presents significant patient risk during volume resuscitation.
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4.8 Placental growth factor as an indicator of maternal cardiovascular risk
after pregnancy
Benschop, Laura1; Duvekot, Johannes1; Roeters van Lennep, Jeanine1
1Erasmus

University Medical Center

Background
The cardiovascular adaptation required for pregnancy is a stress test for later life cardiovascular
disease (CVD) risk. Low circulating concentrations of placental growth factor (PGF) during second
trimester are associated with abnormal cardiovascular adaptation in pregnancy. We
hypothesized that low PGF concentrations, especially in second trimester, are also associated
with cardiovascular risk factors after pregnancy.
Methods
In a population-based prospective cohort study of 5824 women, we obtained first and second
trimester PGF concentrations and information on pregnancy complications (pre-eclampsia, small
for gestational age and spontaneous preterm birth). Six years after pregnancy we measured
maternal systolic and diastolic blood pressure (SBP and DBP), cardiac function (aortic root
diameter [AOD], left atrial diameter [LAD], left ventricular mass [LV mass] and fractional
shortening [FS]), carotid-femoral pulse wave velocity (PWV) and central retinal arteriolar and
venular calibers. Blood pressure was also measured nine years after pregnancy.
Results
Six years after pregnancy, second trimester PGF concentrations were inversely associated with
AOD, LAD and LV mass and positively associated with PWV. Women with low PGF had a larger
LAD and LV mass after pregnancy than women with high PGF. These differences persisted after
exclusion of women with complicated pregnancies. Low first trimester PGF was associated with a
higher AOD and blood pressure six and nine years after pregnancy compared to high PGF. No
association was observed between first trimester PGF and PWV or other cardiac measurements
after pregnancy.
Conclusions
Women with low second trimester PGF have a worse cardiovascular risk profile six years after
pregnancy than women with high second trimester PGF, also in women with uncomplicated
pregnancies. Low PGF in first trimester is associated with a higher blood pressure six and nine
years after pregnancy. Lower PGF concentrations in second trimester might help identify women
more likely to manifest cardiovascular risk factors after pregnancy.
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4.9 Cardiovascular health after a hypertensive pregnancy disorder: better or
worse?
Benschop, Laura1; Roeters van Lennep, Jeanine1; Duvekot, Johannes1
1

Erasmus University Medical Center

Background
To improve cardiovascular health the American Heart Association developed a cardiovascular
health (CVH) score based on seven parameters (blood pressure, BMI, smoking, physical activity,
diet, total-cholesterol and glucose). A higher number of ideal health parameters is associated
with a lower risk of cardiovascular disease (CVD). Hypertensive pregnancy disorders (HPD, e.g.
gestational hypertension and pre-eclampsia) are associated with an increased risk of CVD. We
hypothesized that women with a previous HPD have a lower CVH score after pregnancy than
women with a previous normotensive pregnancy.
Methods
In a population-based prospective birth cohort study of 3703 women, we obtained information
on pregnancy characteristics and HPD (gestational hypertension [n=158] and late pre-eclampsia
[n=70]). Pre-eclampsia was defined as late onset (>34 weeks of gestation). The seven CVH
parameters and intima media thickness (IMT) were obtained nine years after pregnancy. The CVH
parameters were combined into one score ranging from poor to optimal health (0 to 14).
Results
Nine years after pregnancy, women with a previous gestational hypertension had a lower CVH
score than women with a previous normotensive pregnancy (8.0 [90% range: 5.0, 12.0], P-value
<.001). No differences were observed for women with previous pre-eclampsia. The IMT was
larger in women with a previous HPD, especially after pre-eclampsia, compared to a previous
normotensive pregnancy. A low CVH score (<11) was associated with a larger IMT.
Conclusions
Nine years after pregnancy, CVH was worse in women with previous gestational hypertension,
but not in those with late pre-eclampsia, compared to women with a previous normotensive
pregnancy. However, IMT was larger in women with a previous HPD especially after late preeclampsia.
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Session 8: Postpartum and long term cardiovascular function after PE
Postpartum and Long Term Cardiovascular Function After PE
Dr Chahinda Ghossein-Doha, MD, PhD. Resident in Cardiology and Postdoc in women specific CV
medicine
Pregnancy is a sex specific, women sensitive cardiovascular stress test that will, if valued
appropriately, change the remote cardiovascular health prognosis of women in the near future
vitally. Pregnancy can be complicated by preeclampsia, a sex specific hypertensive syndrome, which
is a vascular disorder that complicates 5-7% of all pregnancies. PE has both short and long term
implications on maternal health. It is worldwide responsible for 50.000 maternal deaths annually. At
least 1 in 4 former preeclamptic women have structural cardiac alterations in the first year after
delivery, consistent with subclinical heart failure (HF) stage B. When PE develops early in pregnancy
(before 34 weeks of gestation) HF-B occurs even in 40% of cases. The high prevalence of HF-B after
PE may, at least in part, relate to the aberrant cardiac adaptation during pregnancy. These
pregnancy-induced aberrant cardiac geometry and function consistent with HF-B and diastolic
dysfunction seem to persist postpartum and may underlie the 2 to 7 -fold increased risk on CVD and
HF in women.
On the one hand, CVD and HF after PE may relate to baseline differences in cardiovascular risk
profiles. For instance, the metabolic syndrome, a cluster of CVD risk factors, occurs in up to 25% of
former PE women 6 to 12 months postpartum, times higher than that observed in the general
population. On the other hand, 25 to 40% of formerly PE women have asymptomatic structural
cardiac abnormalities characterized by concentric remodeling and increased LVM consistent with
HF-B 6 to 12 months after complicated pregnancy. Concentric LV remodeling relates strongly to
cardiac fibrosis and imposes a fourfold risk on CVD compared to eccentric remodeling. CVD are
generally progressive disorders, proceeding from asymptomatic (A and B) to symptomatic stages (C
and D) with one of the principal manifestations being the change in geometry and function of the LV.
Therefore, questions related to who we should screen, how should we screen and whether we
should apply pharmacological intervention are urging questions that need to be answered in order
to improve cardiovascular health in those women at risk.
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Assisted reproductive technologies induced alteration of the cardiovascular
phenotype
Dr Théo Meister, University Hospital of Bern, Switzerland
Assisted reproductive technologies (ART) represent 5% of the births in developed countries and
more than 5 million of people have been conceived by ART worldwide. Accumulating data in humans
and animals show that ART interferes with normal development of the cardiovascular system, body
composition and glucose metabolism. In my talk will present recent data in humans demonstrating
that ART induces premature vascular ageing, cardiac dysfunction and arterial hypertension.
Moreover, I will present evidence that in mice ART-induced alterations of the cardiovascular
phenotype are caused, at least in part by epigenetic mechanisms.
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Public health benefits of maternal hemodynamics assessment during
pregnancy and beyond
Dr Johannes. J. Duvekot, Erasmus MC, Rotterdam, The Netherlands
Routinely, pregnancy is the only period in a woman’s life where regular hemodynamic assessment is
performed. Since pregnancy is a true stress test for the maternal hemodynamic system, this gives
the opportunity to test this system for its performance in later life.
During pregnancy the only hemodynamic assessment that is done is the course of blood pressure
and the occurrence of pregnancy complications.
Other hemodynamic parameters determined during pregnancy might have a more predictive effect
but at a higher and extra cost.
After a possible early warning, women could be strictly followed up. Introduction of A healthy
lifestyle and early recogniton of risk factors for cardiovascular disease, for example hypertension,
may have large benefits on an indivual and societal basis.
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P.1 Agreement between blood pressure techniques used in pregnancy
Aldridge, Emily1,2; Mollen, Jose3; Verburg, Petra1,3,2; Wittwer, Melanie1,2; Dekker, Gustaaf 1,2;
Roberts, Claire1; Arstall, Margaret1,2
1University
3University

of Adelaide, Adelaide, Australia, 2Lyell McEwin Hospital, Elizabeth Vale, Australia,
of Groningen, Groningen, the Netherlands

Introduction
Accurate blood pressure (BP) measurements are vital in the detection of hypertensive disorders
of pregnancy, such as gestational hypertension and preeclampsia. In South Australia, the manual
technique remains the gold standard of measuring BP in the antenatal clinic, which may be
inferior to more sophisticated automatic devices. This study aimed to compare four methods of
measuring BP in the antenatal clinic: manual sphygmomanometry, Microlife Vital Signs Alert
(MVSA) [Microlife, Taipei, Taiwan], Arteriograph [Tensiomed, Budapest, Hungary] and Uscom BP+
[USCOM, Sydney, Australia].
Methods
This prospective study recruited 200 pregnant women at any stage of gestation between June
and August 2017. Manual BP was measured first to prevent observer bias, followed by two
measurements per device in a randomised order. Intra- and inter-device reliability between
repeated measurements was assessed with Intraclass Correlation Coefficients. Bland-Altman
analyses evaluated the level of agreement between each variable. Devices were graded
according to British Hypertension Society (BHS) and Association for the Advancement of Medical
Instrumentation (AAMI) criteria.
Results
Each device showed excellent within-device reliability. There was excellent correlation of
variables between devices; however, comparisons of systolic BP measurements demonstrated
that Arteriograph consistently reported higher measurements than manual (8.02mmHg, p<0.05)
and Uscom BP+ (6.11mmHg, p<0.05). Furthermore, Arteriograph reported significantly lower
measurements of diastolic BP than MVSA (-5.96mmHg, p<0.05). In 10% of the cohort,
Arteriograph was the only device to report a systolic BP of >140mmHg. Levels of agreement
between manual, MVSA and Uscom BP+ fulfilled BHS and AAMI criteria.
Conclusion
Levels of agreement between the manual technique, MVSA and Uscom BP+ were acceptable
according to BHS and AAMI grading criteria; however, Arteriograph consistently gave higher
systolic BP readings, indicating it may be unsuitable for use in an antenatal clinic setting.
Furthermore, our results indicate that manually measuring blood pressure was not inferior to
these specific automatic devices.
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P.2 Multivariable evaluation of the maternal hemodynamic profile in highrisk pregnancies complicated by intrauterine growth restriction: a
prospective study.
Di Martino, Daniela Denis1; Ferrazzi, Enrico2; Garbin, Massimo3; Fusè, Federica1; Izzo, Teresa4;
Duvekot, Hans5; Farina, Antonio6
1Buzzi

Children’s Hospital, University of Milan, Milan, Italy, 2Department of Obstetrics and
Gynecology, Fondazione IRCCS Ca' Granda - Ospedale Maggiore Policlinico, Milan, Italy, 3Unit of
Cardiology, Buzzi Children’s Hospital, Milan, Italy, 4Buzzi Children's hospital, University of Milan,
Milan, Italy, 5Department of Obstetrics and Gynecology, Division of Obstetrics and Prenatal
Medicine, Erasmus MC University Medical Center, Rotterdam, the Netherlands , 6Division of
Obstetrics and Prenatal Medicine, Department of Medicine and Surgery (DIMEC) Sant'OrsolaMalpighi Hospital, University of Bologna, Bologna, Italy

Background
th
th
th
The aim of this study was to evaluate the effect of mild (5 -10 percentile) and severe (<5
percentile) intrauterine growth restriction on maternal hemodynamic parameters in high-risk
pregnant women using a multivariable analysis and adjusting for major confounding factors.
Methods
A prospective cohort study was conducted between January 2013 and April 2016 and included
136 high-risk pregnant women between 24 and 39 weeks of gestation. Three cohorts of patients
were recruited, which were composed of 49 fetuses appropriate for gestational age, 47 mild
th
th
th
IUGR fetuses (5 -10 percentile) and 40 severe IUGR fetuses (< 5 percentile).
Maternal echocardiography was performed at the time of enrollment and included
hemodynamic parameters and parameters of systolic-diastolic function and cardiac remodeling
indices. The data were analyzed using a univariable analysis and using a multivariable general
linear model (GLM). The GLM coefficients were used to estimate the effect of IUGR after
adjusting for significant confounding factors of hemodynamic parameters.
Results
The heart rate, total vascular resistance, total vascular resistance index, cardiac output, cardiac
index, early and late diastolic Tissue-Doppler velocity ratio, left ventricular mass and left
ventricular mass index were influenced by the IUGR. The influence of IUGR on these parameters
remained after the model was adjusted for hypertension (preeclampsia and gestational
hypertension) and smoking, and to a lesser extent after adjusting for BMI.
Conclusions
In pregnancies at high-risk for IUGR and hypertensive disorders of pregnancy, intrauterine
growth restriction has a significant independent effect on most maternal hemodynamic
parameters, even when its impact is adjusted for major cardiovascular confounding factors.
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Figure or table 1.

Figure or table 2.
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P.3 Maternal haemodynamic profile in hypertensive disorders and
intrauterine growth restriction during pregnancy and postpartum
Di Martino, Daniela Denis1; Ferrazzi, Enrico2; Garbin, Massimo3; Farina, Antonio4; Fusè,
Federica5; Izzo, Teresa5; Duvekot, Hans6
Children's Hospital, Milan, Italy, 2Department of Obstetrics and Gynecology, Fondazione
IRCCS Ca' Granda - Ospedale Maggiore Policlinico, University of Milan, Milan, Italy, 3Unit of
Cardiology, Buzzi Children’s Hospital, Milan, Italy, 4Division of Obstetrics and Prenatal Medicine,
Department of Medicine and Surgery (DIMEC) Sant'Orsola-Malpighi Hospital, University of
Bologna, Bologna, Italy, 5Buzzi Children’s Hospital, University of Milan, Milan, Italy, 6Department of
Obstetrics and Gynecology, Division of Obstetrics and Prenatal Medicine, Erasmus MC University
Medical Center, Rotterdam, the Netherlands
1Buzzi

Objective
To compare maternal hemodynamic profile during pregnancy and at 6-12 months postpartum, in
women affected by Hypertensive Disorder of Pregnancy: HDP associated with Intrauterine
Growth Restricted fetuses (IUGR), or with normally grown fetuses (AGAf)
Method
This was a prospective, observational, longitudinal, monocentric study. We enrolled patients
from 24 weeks of gestation to term, classified as follows: HDP-AGAf, HDP-IUGR, normotensive
women complicated by severe IUGR and controls. Maternal echocardiography was performed
during pregnancy at diagnosis and at 6-12 months postpartum to compare maternal
hemodynamic parameters in these groups.
Results
Seventy-two patients were eligible for the analysis. In HDP-IUGR and in the severe IUGR groups,
maternal cardiac output (CO) was significantly lower and total vascular resistances (TVR)
increased during pregnancy compared with controls. This profile did not change significantly at 612 months postpartum. The HDP-AGAf group and controls showed a physiological increased CO
and HDP-AGAf an increased TVR. This group presented also an increased left ventricular mass
(LVM), relative wall thickness (RWT) and a reduced E’/A’ ratio. In postpartum we observed
persistently increased values of mean arterial pressure (MAP) due to high TVR in spite of a return
to normal HR and CO.
Conclusion
Our hypothesis that the prioritized feto-placental phenotype, during pregnancy and in the postpartum follow-up, allowed us to observe a significantly poor adaptation of the cardiovascular
system of HDP-IUGR or of severe IUGR to pregnancy metabolic demands. This was profoundly
different from the increased HR, CO, and lowered TVR observed in normal pregnancies.
The HDP-AGAf group presented similar increased HR, CO, but at the cost of diastolic function
impairment, and ventricular remodeling. In the postpartum period HR and CO returned to
normal, but TVR remained high, as well as a still significantly higher left ventricular mass.
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P.4 Cardiac dysfunction in late-onset preeclampsia - the interaction between
intrauterine growth restriction and preeclampsia in third trimester
hemodynamic profiles
Persson, Lisa Grange1; Lihme, Frederikke1; Basit, Saima1; Lykke, Jacob Alexander2; Pihl,
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Obstetrics, Rigshospitalet, Copenhagen, Denmark, 3Dept. of Obstetrics and Gynecology, Hvidovre
Hospital, Copenhagen, Denmark, 4Dept of Obstetrics and Gynecology, Herlev Hospital,
Copenhagen, Denmark, 5Dept of Obstetrics and Gynecology, Hvidovre Hospital, Copenhagen,
Denmark, 6Dept Epidemiology Reserach, Statens Serum Institut, Copenhagen, Denmark, 7Dept
Epidemiology Research, Statens Serum Institut, Copenhagen, Denmark
1Dept.

Background
Cardiac dysfunction is part of the pathophysiology associated with preeclampsia (PE). Several
studies have documented decreased cardiac output (CO) and increased systemic vascular
resistance (SVR) in women with early-onset (debut <34 weeks’ gestation) PE, compared with
normotensive pregnant women. Preliminary results from the PEACH (PreEclampsia,
Angiogenesis, Cardiac dysfunction, Hypertension) study indicate that women with late-onset (≥34
weeks) PE (LOPE) also exhibit a similar profile. PE often co-exists with intrauterine growth
restriction (IUGR), another condition associated with cardiac dysfunction. Using small for
gestational age (SGA, 10th percentile) as a rough proxy for IUGR, we investigated the
hemodynamic implications of IUGR in LOPE by comparing third-trimester hemodynamic profiles
of preeclamptic women with and without SGA babies, women with gestational hypertension, and
normotensive pregnant women.
Methods
The PEACH study is an ongoing prospective longitudinal study conducted at two Copenhagenarea university hospitals. Women presenting with signs of hypertensive disorders of pregnancy
(HDP) are recruited and followed until the end of pregnancy with cardiac function measurements
obtained using the USCOM-1A device (Uscom Ltd., Australia). Cardiac function was also
measured longitudinally in a group of 400 normotensive pregnant women frequency-matched to
the HDP group. Associations between PE phenotype and CO and SVR were analyzed using linear
mixed models that included a random personal effect (a woman-specific effect), a gestational age
effect (to account for changes over the course of pregnancy) and a PE phenotype effect (how a
given PE phenotype affects cardiac function at a given point during pregnancy), as well as
adjustment for parity, age, ethnicity, and body surface area.
Results and Conclusion
We compare CO and SVR across four groups: LOPE with SGA, LOPE without SGA, gestational
hypertension, and normotensive pregnancy. Our results help to disentangle the contributions of
fetal growth and preeclampsia to hemodynamic changes observed in women with LOPE.
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P.5 Comparison of two non-invasive devices measuring arterial stiffness and
central blood pressure in pregnancy
Perry, Helen1; Filby, Alexandra1; Gutierrez Henares, Juan1; Thilaganathan, Basky1; Khalil, Asma1
1St

George's Hospital, London

Background
Arterial stiffness and central blood pressure are important measures of maternal cardiovascular
health and are abnormal in pathological pregnancies such as those affected by preeclampsia.
Safe and reliable methods of measuring these parameters are required. Arteriograph, an
oscillometric brachial cuff device, has been used extensively in pregnancy. BP+, another
oscillometric brachial cuff device, has not been studied in pregnancy.
Methods
Two devices (Arteriograph and BP+) were compared in a research setting under controlled
conditions. For the BP+ device, repeatability and reproducibility studies were also performed.
Agreement was assessed using intraclass correlation coefficient (ICC) and Bland Altman plot
where appropriate.
Results
In the device comparison study, 137 pregnant women underwent paired measurements. The
median age was 32 years (17-44), height 1.65m (1.43m-1.83m) and weight 79.5kg (48.8kg124.0kg). For central systolic blood pressure the ICC was 0.77 (CI 0.69-0.83), bias was 0.12,
precision 12.5 and limits of agreement -26.2-22.9. For Augmentation Index, the ICC was 0.82 (CI
0.76-0.87). Repeatability measures were performed on 41 pregnant women and reproducibility
on 50 pregnant women. The BP+ device showed excellent agreement in the repeatability study
with ICC of 0.92 (CI 0.86-0.96) for central systolic blood pressure and 0.93 (CI 0.87-0.96) for
Augmentation index but had mixed results in the reproducibility study with ICC of 0.36 (CI 0.090.58) for central systolic blood pressure and 0.82 (CI 0.70-0.89) for Augmentation index.
Conclusion
The BP+ device showed excellent agreement in repeatability studies and good agreement for
augmentation index in reproducibility assessment. Poor agreement in central systolic blood
pressure could be due to natural variation in blood pressure during the assessment period. When
compared to Arteriograph, correlation in augmentation index was good. Larger studies are
required to confirm the role of such devices in clinical use.
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P.6 Maternal haemodynamics in normal pregnancies and in pregnancies
affected by pre-eclampsia
Stott, Daniel1; Nzelu, Obianuju2; Nicolaides,, Kypros2; Kametas, Nikos2
1King's

College Hospital, 2King's College Hospital, London

Objectives
To determine if in a high risk group in the first half of pregnancy, women who developed preeclampsia (PE) with fetal growth restriction (PE-FGR) demonstrate distinct haemodynamics
compared to those with PE in the absence of FGR (PE-only).
Methods
Cardiac output (CO), peripheral vascular resistance (PVR) and mean arterial pressure (MAP) were
measured at the first hospital visit at 9-24 weeks' gestation in 69 women who had chronic
hypertension and 67 who had a hypertensive disorder in a previous pregnancy. In total, 19
subsequently developed PE-only, 22 developed PE-FGR, 17 developed pregnancy induced
hypertension and 78 had uncomplicated pregnancies and the haemodynamic values in each of
these groups were compared to those of a cohort of 300 low-risk women with normal
pregnancies.
Results
In all the high risk groups, compared to normal pregnancies, PVR and MAP were increased, but
CO in the group of PE with FGR was reduced whereas in the other high risk groups it was not
significantly different from normal.
Conclusions
In women that develop PE there is evidence of high PVR and MAP from the first half of pregnancy
and those with PE and FGR demonstrate evidence of failure in the physiological expansion in CO.
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P.7 Prenatal exercise for the prevention of gestational diabetes mellitus and
hypertensive disorders of pregnancy: a systematic review and meta-analysis
Davenport, Margie1; Ruchat, Stephanie-May2; Poitras, Veronica3; Jaramillo, Alejandra4; Gray,
Casey5; Barrowman, Nick6; Skow, Rachel1; Meah, Victoria7; Riske, Laurel1; Sobierajski, Frances1;
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Slater, Linda1; Weeks, Ashley10; Adamo, Kristi10; Davies, Gregory11; Barakat, Ruben12; Mottola,
Michelle9
of Alberta, Edmonton, Canada, 2Université du Québec à Trois-Rivières, Trois-Rivières,
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10University of Ottawa, Ottawa, Canada, 11Queen's University, Kingston, Canada, 12Universidad
Politécnica de Madrid, Madrid, Spain.
1University

3Independent

Objective
Gestational diabetes mellitus (GDM), gestational hypertension (GH) and preeclampsia (PE) are
associated with short- and long-term health issues for mother and child; prevention of these
complications is critically important. Exercise is a cornerstone for prevention and treatment of
hypertension and diabetes in general populations. However, the effectiveness of exercise in
prevention during pregnancy is poorly understood. The aim of this study was to perform a
systematic review and meta-analysis of the relationships between prenatal exercise and GDM,
GH and PE.
Methods
Systematic review with random effects meta-analysis and meta-regression. Online databases
were searched up to January 5, 2017. Studies of all designs were eligible (except case studies) if
they were published in English, Spanish or French, and contained information on the Population
[pregnant women without contraindication to exercise], Intervention [subjective/objective
measures of frequency, intensity, duration, volume or type of exercise], Comparator [no exercise
or different frequency, intensity, duration, volume and type of exercise], and Outcomes (GDM,
GH, PE).
Results
A total of 106 studies (N=273,182) were included. “Moderate to High” quality evidence from
randomized controlled trials revealed that exercise-only interventions, but not exercise + cointerventions, reduced odds of GDM (n=6,934; OR 0.62, 95% CI 0.52, 0.75), GH (n=5,316; OR 0.61,
95% CI 0.43, 0.85) and PE (n=3,322; OR 0.59, 95% CI 0.37, 0.9). Subgroup analyses identified that
odds of GDM, GH and PE were lower only in women who were engaging in supervised exercise
interventions or in women who were previously inactive. No effect of exercise was observed in
women with overweight/obesity. To achieve at least a 25% reduction in the odds of developing
GDM, PE and GH, pregnant women need to accumulate at least 600 MET-minutes per week of
moderate- to-vigorous intensity exercise.

Conclusions
Overall, prenatal exercise was associated with reduced odds of GDM, PE and GH.
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P.8 New perspective in preeclampsia risk assessment: Quantification of
endogenous marinobufagin by a specific and very sensitive UPLC-MS/MS
assay in pregnant women
Lenaerts, Charline1; Blankert, Bertrand2
1UMONS,

Mons, belgium, 2UMONS, Mons, Belgique

Introduction
Marinobufagenin (MBG) is a bufadienolide cardiotonic steroid implicated in volume expansionmediated hypertensive states including essential hypertension and preeclampsia (PE).
Endogenous MBG has vasoconstrictive and cardiotonic properties by inhibiting the α1-isoform of
+ +
the Na ,K -ATPase pump, causing hypertension and natriuresis. Elevated endogenous MBG-like
material has been described by immunoassays in rat models of salt-sensitive preeclampsia as
well as in preeclamptic human patients [1,2]. As it appears prior the development of the main
symptoms of PE, MBG might be considered as one of the potential biomarkers for PE [3].
Objectives
The weak specificity and the high variability of the published immunoassays gives no certification
about endogenous MBG existence [4,5]. This led us to optimize a highly specific and sensitive
analytical method relying on mass spectrometry technology to measure MBG plasma levels.
Methods
Pure MBG standard was obtained by purification from Bufo Marinus toad venom. A plasma
extraction procedure was elaborated to concentrate and clean the sample prior to its analysis.
We have set up a high-specific and ultra-sensitive UPLC-MS/MS assay in order to determine MBG
in human plasma. The method is now being applied to a local clinical study allowing us to
measure MBG plasma levels and biological parameters in preeclamptic women compared to nonpathological pregnancies. Clinical hemodynamic parameters are measured with the advanced
©
non-invasive USCOM 1A device.
Results and Discussion
The developed LC-MS/MS assay was fully validated using the internationally recognized accuracy
profiles strategy over a concentration range of 10 pg/mL to 500 pg/mL MBG; giving us the
opportunity to investigate MBG in non-pathological pregnancy as well as in preeclampsia.
Preliminary results obtained by a previous LC-MS/MS assay allowed us to authenticate the
presence of MBG in non-pregnant women as well as in early pregnancy. These preliminary
pioneering results are giving a promising new perspective for preeclampsia risk assessment in
pregnancy.
References
1. Lopatin, D.A., et al., Circulating bufodienolide and cardenolide sodium pump inhibitors in
preeclampsia. Journal of Hypertension, 1999. 17(8): p. 1179-1187.
2. Agunanne, E., et al., Marinobufagenin Levels in Preeclamptic Patients: A Preliminary
Report. American Journal of Perinatology, 2011. 28(7): p. 509-514.
3. Vu, H.V., et al., Involvement of Marinobufagenin in a Rat Model of Human
Preeclampsia. American Journal of Nephrology, 2005. 25(5): p. 520-528.
4. Abi-Ghanem, D., et al., A CHEMIFLUORESCENT IMMUNOASSAY FOR THE DETERMINATION OF
MARINOBUFAGENIN IN BODY FLUIDS. Journal of Immunoassay and Immunochemistry, 2011.
32(1): p. 31-46.
5. Fedorova, O.V., et al., Endogenous Ligand of α1 Sodium Pump, Marinobufagenin, Is a Novel
Mediator of Sodium Chloride–Dependent Hypertension. Circulation, 2002. 105(9): p. 1122-1127.
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P.9 Is maternal arterial function associated with birth weight?
Santhirakumaran, Swina1; Tay, Jasmine1,2; Lees, Christoph1,2
College London, London, United Kingdom , 2Queen Charlotte's and Chelsea Hospital,
London, United Kingdom
1Imperial

Objectives
Impaired maternal cardiovascular function is associated with low birth weight. Our study aimed
to identify whether an association exists between birth weight and arterial functional parameters
in the third trimester of pregnancy.
Methods
66 normotensive women with singleton pregnancy between 24-40 weeks gestation were
recruited. Participants with known cardiovascular conditions, hypertension, smoking status, BMI
-2
greater than 40kgm and multiple pregnancy were excluded from the study. The participant’s
booking BMI was recorded from their medical notes. At the time of recruitment ultrasound was
used to obtain images of the longitudinal section of the right common carotid artery from which
carotid intima-media thickness (CIMT) was measured using a fully-automated technique
(Samsung, Seoul, South Korea). Blood pressure, augmentation index (AIX) and pulse wave
TM
velocity (PWV) were measured using the Vicorder (Skidmore Medical, Bristol, UK). AIX and
PWV values were adjusted for heart rate. Of the participants included the birth weight of the
new-borns was available in 53 and included in data analysis. A p value <0.05 was considered
statistically significant.
Results
A statistically significant correlation was found between birth weight and maternal booking BMI
(r=0.275, p<0.05) and maternal BMI at time of recruitment (r=0.324, p<0.05). However, there
was no statistically significant correlation between maternal age (r=-0.206, p>0.05), maternal
mean arterial pressure (r=0.116, p>0.05), maternal CIMT (r=0.119, p>0.05), maternal PWV
adjusted for heart rate (r=0.056, p>0.05) and maternal AIX adjusted for heart rate (r=-0.195,
p>0.05).
Conclusion
This study found no association between maternal arterial function parameters in the third
trimester and birth weight.
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P.10 The effect of a raised BMI on surgical morbidity in women undergoing
caesarean section - a pilot study
Yeo, Samantha1
1KK
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Introduction
Obesity leads to adverse feto-maternal outcome including higher rates of Caesarean section, with
higher incidence of operative complications.
Methods
A retrospective cohort study of all caesarean deliveries between 1st January 2013 and 31st
March 2013 was undertaken in our tertiary referral centre. Primary outcome measures included
complications such as major postpartum haemorrhage, post-operative fever, wound infection,
prolonged hospitalization, maternal intensive care unit (ICU) admission, pulmonary embolism,
pulmonary edema, stroke, and death. We considered these outcomes individually and as a
composite. Gestational diabetes mellitus, eclampsia and pre-eclampsia were included as
secondary outcome measures.
Results
A total of 552 Caesarean deliveries were studied, of which 15.9% were performed on obese
women. Complication rates of wound infection (17%), major postpartum haemorrhage
(4.6%) and postpartum pyrexia (18.2%) were significantly higher for obese patients.
Conclusion
Obesity during pregnancy increases the rate of a caesarean delivery and associated complications
amongst Singaporean women. Further local research would be beneficial to reduce morbidity
amongst this population of obstetric patients.
Figure or table 1.
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Background
Maternal cerebrovascular adaptation mechanisms are unique and different from those at other
organs, and physiologic background mechanisms remain poorly understood today. Within the
complex system of cerebrovascular haemodynamics, the venous heart-brain axis only recently
has become the focus of non-obstetric research.
Methodology
A literature search (PubMed) was performed using the terms: venous heart-brain axis, cerebral
outflow, neck veins, hypertensive disorders, pregnancy and (pre)eclampsia.
Results
Cerebral venous return occurs via 3 groups of veins, of which the internal jugular veins (IJV) are
the main drainage canals in supine position. The venous heart-brain axis is much more complex
than the arterial axis due to anatomic variants, presence of valves and collateral veins, variable
capacity, collapsibility, compressibility, influence of respiration/postural change, …
Evidence is growing that abnormalities in the cerebral outflow can play a key role in the
development of neurovascular disorders in non-obstetric patients. One etiologic explanation is
the functionality of IJV valves, present in 84-96% of individuals. Dysfunction of this valve can
modify venous blood flow and pressure wave propagation between brains and right atrium (1). It
has been reported recently that isolated IJV stenosis can cause intracranial hypertension (2).
During pregnancy, numerous maternal organs can be affected by hypertensive disorders, but
cerebrovascular events account for up to 40% of (pre)eclampsia related maternal deaths. Up to
45% of women are normotensive or have only mild-to-moderate hypertension (3) and about 20
percent have no proteinuria prior to an eclamptic seizure or posterior reversible encephalopathy
syndrome, highlighting the unpredictable nature of maternal neurocerebral complications.
Conclusions
Studying the cerebrovascular volume balance with special attention to the venous heart-brain
axis seems a very relevant research topic and may be a first step towards evaluating the
hypothetical role of extra-cranial venous dysfunction in cerebrovascular events, associated with
hypertensive disorders in pregnancy.
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Background
There are more and more women who have mechanical heart valves in Vietnam, therapy of
pregnant women with mechanical heart valve has been increasing day by day as the result.
Therefore management of anticoagulation treatment during pregnancy become a big challenge.
Objectives
The aims of this study were to indentifiy the complication of materal and fetal in pregnant
women with mechainical heart valves treated with anticogualation during pregnancy and to
analyse factors effect the complications, and estimate the regimens which is the safest for
maternal and fetal.
Patients and Methods
In this retrospective study, there were 46 pregnant women with mechanical heart valves
between 1/1/2008 and 1/3/2017. They were classified as follow: Group1, Vitamin K
Antagonist (VKA) used during pregnancy with low-molecular-weight heparin (LMWH) prior to
delivery; Group 2, VKA substituted with LMWH during the first trimester of pregnancy with
LMWH prior to delivery; this group was further subdivided into (2a) LMWH substituted at or
before 6 weeks of gestation and (2b) LMWH substituded after 6 weeks of gestation. INR target,
anticogulant dose, echocardiography, fetal ultrasound,… collected from case-record and patients
interview
Result
There were 3 maternal compliance cases (7,14%), all of them were thromboebolic . Fetal
compliances occurred in 6 cases (14,28%), 1 case were abortion and 5 cases were miss abortion
Conclusions
Anticoagulation therapy in pregnant women with mechanical heart valves has potential risks:
compliance in maternal and compliance in fetus. In this study, LMWH used at or before 6 weeks
has lowest rate of compliance in fetus.
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Objective
Metformin has been reported to reduce the risk of preeclampsia and to influence sFlt-1 levels,
which correlate significantly with the disease onset and severity in preeclampsia. The main aim of
this meta-analysis was to determine whether metformin prevents hypertensive disorders of
pregnancy.
Methods
MEDLINE, Scopus and the Cochrane Library were searched for relevant citations in English
language. RCTs reporting the incidence of preeclampsia or gestational hypertension (GH) were
included. Studies in which metformin treatment was received prior to randomization were
excluded. The risk of bias in the included studies was assessed using the Cochrane risk of bias
tool. Heterogeneity among the included studies was quantified using the I-squared statistic.
Random-effects models with Mantel-Haenszel and inverse variance methods were used.
Results
In total, 3337 citations matched the search criteria. After evaluating the abstracts, 52 studies
were retrieved for full text review. Fifteen studies were eligible for inclusion in the systematic
review. Metformin use significantly reduced risk of GH (RR: 0.56, 95% CI: 0.37 to 0.85) in women
with gestational diabetes mellitus (GDM). Its effect on reducing the risk of preeclampsia was not
statistically significance (RR: 0.79, 95% CI: 0.57 to 1.10). In obese non-diabetic women, metformin
use was associated with a significantly lower risk of preeclampsia (RR: 0.51, 95% CI: 0.26 to 0.98),
but not GH (relative risk: 1.29, 95% confidence interval: 0.79 to 2.11). Metformin was associated
with a significantly lower mean gestational weight gain when compared to placebo in obese
women (mean difference: -1.53, 95% CIl: -2.01 to -1.04), and when compared to insulin (mean
difference: -1.68, 95% CI: -2.42 to -0.94) in women with GDM, respectively.
Conclusions
Metformin use was associated with a lower risk of preeclampsia in obese women and a lower risk
for GH in women with GDM. Trials of metformin use for the prevention of preeclampsia are
urgently needed.
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Background
High risk pregnancy and complication during pregnancy or labor may need multidisciplinary
management in the Intensive Care Unit (ICU). This study was performed to describe the
characteristics of high risk obstetric patients who were admitted in the ICU of Sanglah General
Hospital Denpasar Bali, Indonesia in 2014 to 2017.
Methods
This was a descriptive study using the secondary data from the medical records of obstetric
patients who were admitted in the ICU of Sanglah General Hospital in 2014 to 2017.
Result
Over the 3 years study period, there were 278 obstetric patients who were admitted in the ICU
out of the total of 3219 deliveries during that period. Based on the gestational age during
admission, there were 6.7% cases below 28 weeks, 34.5% were between 28 – 36 weeks
gestational age, and 53.2% cases were in aterm pregnancy. The indication of the admission can
be categorized into the obstetrics indication, which were 73.1% out of 278 cases and the nonobstetric indication such as the medical problem underlying during the pregnancy, which were
about 22.9% out of 278 cases. The major indication of obstetric problem was the hypertensive
disease in pregnancy, while the major indication of medical reason was the heart disease. The
maternal mortality rate in the ICU during this study was 8.2% out of the 278 cases who were
admitted in the ICU.
Conclusion
As the major tertiary referral hospital in Bali, Sanglah General Hospital were having high number
of complicated pregnancy cases. The characteristics of the obstetric patients who were admitted
in the ICU can be used to plan better management and appropriate care especially in the ICU, in
order to reduce the maternal mortality rate.
Keywords: obstetric, Intensive Care Unit, pregnancy
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