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1. AMENDMENT HISTORY

	Amendment No.
	Protocol Version No.
	Date issued
	Author(s) of changes
	Details of Changes made

	
	
	
	
	


2. SYNOPSIS
	Study Title
	Pilot study to confirm that a history of pre-eclampsia is associated with adverse indices of cardiac function.

	Internal ref. no.
	TBC

	
	

	Trial Design
	Pilot case-control 

	Trial Participants and Planned Sample Size
	60 patients (30 with a history of pre-eclampsia and 30 controls) who are 12-18 months post delivery

	Follow-up duration
	N/A

	Planned Trial Period
	1 year

	Primary Objective
	We will test the hypothesis that a history of pre-eclampsia is associated with adverse indices of cardiac function.

	Secondary Objectives
	Cardiac function will be correlated with known circulating cardiac biomarkers, and with metabolites we have previous identified as aberrant in women who subsequently develop pre-eclampsia and that are prognostic for cases of acute heart failure.

	Primary Endpoint
	Not an endpoint driven study


3. ABBREVIATIONS

AE
Adverse event

AR 
Adverse reaction

CI
Chief Investigator

CRA
Clinical Research Associate (Monitor)

CRF

Case Report Form

CRO 
Contract Research Organisation

CT

Clinical Trials

EC

Ethics Committee (see REC)
GCP
Good Clinical Practice

GP
General Practitioner

GTAC
Gene Therapy Advisory Committee
ICF
Informed Consent Form

LCBRU
Leicester Cardiovascular Biomedical Research Unit

NHS
National Health Service

NIHR
National Institute for Health Research

NRES
National Research Ethics Service 
PI
Principal Investigator

PIL/S
Participant/ Patient Information Leaflet/Sheet
R&D
NHS Trust R&D Department

REC
Research Ethics Committee
SAE
Serious Adverse Event

SAR
Serious Adverse Reaction

SOP
Standard Operating Procedure
TMF
Trial Master File

4. BACKGROUND AND RATIONALE

Gender disparities in cardiovascular disease: As many women as men develop cardiovascular disease (CVD) each year. Whilst recent decades have witnessed a fall in mortality rates in men with cardiovascular disease, this has not been mirrored in the female population. This disparity has arisen because for decades, research to establish the gold standard for the prevention and treatment of heart diseases, has been based on cohorts and RCTs that predominantly, and often exclusively, involve male subjects. The under representation of women in cohorts has led to identification of biomarkers that are more specific for men, but show inconsistent results in women, such as C-reactive protein1. Furthermore, several IMPACT studies have indicated that the effect of risk factor prevention closely matches the observed decline in cardiovascular disease mortality in men, but not in women. For women, 20% of coronary events occur in the absence of the traditional risk factors used in the risk scores and many women with increased prevalence of established risk factors do not even experience events2.

Pre-eclampsia: Pre-eclampsia is pregnancy specific disorder characterised by the development of hypertension, proteinuria and fetal growth restriction and remains a leading cause of maternal mortality, accounting for 17-24% of all maternal deaths3. In addition to short-term perinatal and neonatal complications, being born growth restricted also predisposes the child to cardiovascular disease in later life.

Pre-eclampsia and CVD: Women with a history of pre-eclampsia compared to normotensive pregnancies are at increased risk for CVD later in life
 ADDIN EN.CITE 
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. Women with pre-eclampsia have a 3.7 times higher risk of later hypertension, a 2.2 times increased risk of coronary heart disease, and an 1.8 times higher risk of stroke6. One explanation is that pre-eclampsia and CVD share pathogenic pathways which explains why common risk factors, such as diabetes and obesity, lead to pre-eclampsia and CVD at different times of a woman’s life. A history of pre-eclampsia may help identify women at CVD risk early in life, thus offering an opportunity for timely screening, and preventive treatment strategies.

Common mechanisms: An alternative explanation is that adverse pregnancy outcomes such as pre-eclampsia (and other reproductive events such as menarche and sex hormone exposure and menopause) may increase long-term cardiovascular risk through modifying effects on many risk factors, such as lipid profiles7. The pathophysiology of pre-eclampsia is strikingly similar to abnormalities associated with CVD; features of the metabolic syndrome, an inflammatory response, and a hypercoagulable state8. In addition, similar to cardiovascular diseases, endothelial dysfunction plays a critical role in the pathogenesis of pre-eclampsia 9. Moreover, recent work has demonstrated that anti-angiogenic signaling can cause cardiac dysfunction in pregnant women with pre-eclampsia10. Cardiac function was evaluated non-invasively by measuring myocardial performance index (MPI, or Tei index) and other indices of cardiac function with cardiac echocardiography.

In order to determine the value of a maternal history of pre-eclampsia as a screening test for later CVD, we need to understand whether the pregnancy disorder reflects an underlying predisposition to develop CVD or directly damages the heart.  As a prelude to a major longitudinal study, we will conduct a pilot study of women 12-18 months after pregnancies complicated by pre-eclampsia (as compared to matched control groups) – using advanced clinical assessment of cardiac function to determine whether immediate cardiac effects of pre-eclampsia have regressed (indicating no direct damage and supporting the ‘underlying predisposition’ hypothesis) or remain (suggesting direct damage consequent on the disease).   

Existing data is conflicting. Recent studies have questioned previous data that cardiac changes of pre-eclampsia regress; postpartum LV geometrical changes and diastolic dysfunction have been demonstrated 1 year following a pregnancy complicated by pre-eclampsia11.

5. OBJECTIVES

The study aims to address two pertinent questions:
•Can large contemporary pregnancy cohorts generate gender specific risk factors to accurately stratify women into different levels of risk for later cardiovascular health?

•Can the blood-based metabolome reveal mechanistic pathways and identify potentially modifiable causal pathways related to adverse reproductive and perinatal health and later cardiovascular disease? 

5.1
Primary Objectives

We will test the hypothesis that a history of pre-eclampsia is associated with adverse indices of cardiac function.
5.2
Secondary Objectives

In addition, cardiac function will be correlated with known circulating cardiac biomarkers, and with metabolites we have previous identified as aberrant in women who subsequently develop pre-eclampsia and that are prognostic for cases of acute heart failure.
6. STUDY DESIGN
6.1       Summary of Trial Design

A cross-sectional case control study to compare cardiac function in women with a history of pre-eclampsia as compared to matched controls with an uncomplicated pregnancy.

Subjects will be identified, recruited and consented – and then investigations will be performed over 2 visits (performed within 2 months of recruitment).

7. TRIAL PARTICIPANTS
7.1
Overall Description of Trial Participants
Thirty patients with a history of pre-eclampsia who are 12-18 months post-delivery will be identified via the University Hospital of Leicester maternity database.   
Thirty healthy volunteers who are 12-18 months post-delivery will be identified via the University Hospital of Leicester maternity database. 
Recruitment will be restricted to women who have had one pregnancy that progressed beyond the first trimester with a diagnosis of pre-eclampsia; control subjects will be matched for age, ethnicity, and time period since delivery.

7.2
Inclusion Criteria

i) Cases

·  Within 12-18 months of delivery of a singleton pregnancy that was complicated by pre-eclampsia (defined accorded to the definition of the International Society of the Study of Hypertension in Pregnancy: i.e. a blood pressure of >140/90 mmHg, on two or more occasions at least 6 hours apart, after the 20th week of pregnancy, in a previously normotensive pregnancy, in the presence of significant proteinuria (>300mg/24 hours))
· Aged between 18-40 years. 

· Able to speak and read in English, willing to give informed consent and able to comply with all study requirements.

· Willing to allow her General Practitioner and consultant, if appropriate, to be notified of participation in the study.

· Willing to confirm that they are not pregnant (a test will be offered if they cannot confirm this prior to MRI scan).
ii) Controls 
· Within 12-18 months of delivery of a singleton pregnancy that was uncomplicated 

· Aged between 18-40 years. 

· Able to speak and read in English, willing to give informed consent and able to comply with all study requirements.

· Willing to allow her General Practitioner and consultant, if appropriate, to be notified of participation in the study.

· Willing to confirm that they are not pregnant (a test will be offered if they cannot confirm this prior to MRI scan).

7.3
Exclusion Criteria

The participant may not enter the study if ANY of the following apply:

· Women less than 12 months or more than 18 months post delivery.

· Maternal age less than 18 or greater than 45 at recruitment.

· Subjects with medical conditions that could affect cardiac function including women with known congenital or acquired heart disease, severe anaemia, maternal diabetes (type I and type II), chronic renal disease, renal transplantation, chronic hypertension, chronic liver disease, and/or on medications that affect cardiac function. 

· Participants with BMI ≥40.

· Any participant unable (in the Investigators opinion) or unwilling to comply with all study requirements.

· Unwilling to allow her General Practitioner and consultant, if appropriate, to be notified if anything of clinic significance is found.
· Any participant who is pregnant (as this prohibits MRI scanning)

· Any other significant disease or disorder which, in the opinion of the Investigator, may either put the participants at risk because of participation in the study, or may influence the result of the study, or the participant’s ability to participate in the study.
· Women who do not speak English (there is no funding for translation).
· Prisoners.

· Women who are unable to consent for themselves.

· Others deemed to belong to a vulnerable group.

8. STUDY PROCEDURES
8.1
Informed Consent

Informed consent will be obtained prior to any study related procedures being undertaken. 

Written and verbal versions of the participant information and Informed consent will be presented to the participants who fulfil our inclusion and exclusion criteria.  The precise nature of the study, the implications and constraints of the protocol, the known side effects and any risks involved in taking part will be presented.   It will be clearly stated that the participant is free to withdraw from the study at any time for any reason without prejudice to future care, and with no obligation to give the reason for withdrawal.

The participant will be allowed as much time as wished to consider the information, and the opportunity to question the Investigator, their GP or other independent parties to decide whether they will participate in the study.  Written Informed Consent will then be obtained by means of participant dated signature and dated signature of the person who presented and obtained the informed consent. The person who obtained the consent must be suitably qualified and experienced, and have been authorised to do so by the Chief/Principal Investigator as detailed on the Delegation of Authority and Signature log for the study. The original signed form will be retained at the study site within the Trial Master File (TMF) or Investigator Site File (ISF). A copy of the signed Informed Consent will be given to participants and a copy retained in the participant medical notes.  

8.2
Screening and Eligibility Assessment
· Participants with a history of pre-eclampsia:

Cases of pre-eclampsia will be identified from the database of the maternal hypertension specialised clinic by members of the clinical team. This is a specialised database that registers all women with pre-eclampsia who attend the hypertension clinic and records the diagnosis and pregnancy outcome. It is updated by specialised hypertension midwives. Suitable subjects will be sent an invitation letter and reply slip to participate in the study. Subjects that reply wishing to take part will be contacted by a member of the study team to answer any questions related to the study and to facilitate the arrangement of the study visit.

Cases of pre-eclampsia may also be identified directly by members of the clinical team during their clinical appointments. The clinicians will provide the invitation sheet and reply slip directly in this case.

· Healthy controls:

Control subjects who were delivered within 60 days of each recruited subject with pre-eclampsia will be selected randomly from the Maternity electronic database by members of the clinical team, matching for age, parity and ethnicity. Maternity electronic database (E3) records will be screened to ensure that the pregnancy was uncomplicated and that inclusion and exclusion criteria were fulfilled before contacting the women by members of the clinical team.
Demographic and pregnancy outcome details will be collected including gestational age at diagnosis of pre-eclampsia (if applicable), maximum systolic and diastolic blood pressures, proteinuria, antihypertensive therapy, date of delivery, gestational age at delivery, mode of delivery, birthweight  and infant sex.  

8.3
Visit Assessments
Visit 1:

a. Participants will be assessed and an eligibility form will be completed – to ensure that all inclusion and exclusion criteria are satisfied. Participants will be invited to participate in the study. 
b. Physical Examination

Height and weight will be recorded.
Resting pulse and blood pressure (BP) measurements will be measured after the participant has sat for at least five minutes.
c. Non-Invasive Cardiac Output monitoring

Cardiac output measurements will be made using a non-invasive portable ICON™ machine. The device uses a validated method called Electrical Cardiometry™ for the non-invasive determination of stroke volume (SV), cardiac output (CO), and other hemodynamic parameters in adults, children and neonates. This is done by placing four electrodes on the neck and left side of the thorax which allow for the continuous measurement of the changes of electrical conductivity within the thorax.
d. Laboratory Tests 
Blood samples will be taken for plasma measurement of known circulating cardiac biomarkers such as Troponin-T, NT-proBNP, MR-proANP, MR-proADM and BNP.  In addition, samples will be stored for subsequent measurement of the metabolites we have previously identified as aberrant in women who subsequently develop pre-eclampsia and that are prognostic for cases of acute heart failure12,13.  
A full blood count (to allow calculation of extracellular volume, for which haematocrit is needed) and glomerular filtration rate will be obtained. It is anticipated that all other blood samples will be anonymised and analysed at the end of the study. No results will be disclosed to recruited subjects.
Samples will be stored in a secure facility at the University Hospitals of Leicester. The clinical research team and the research laboratory team will have access to the samples. The lab manager will take overall responsibility for sample accountability.

We may share samples, in this anonymous format, with other organisations for research purposes (if consent is given). 

Any leftover tissue samples will either be stored for use in future ethically approved medical research, moved to the NIHR Bioresource should the participant consent to this (full details will be provided separately) or destroyed.
e. Cardiovascular magnetic resonance (CMR) scanning
Cardiovascular magnetic resonance (CMR) scanning will be performed on a dedicated clinical research 3.0-T scanner using previously published protocols14. A cardiac imaging receiver coil configuration will be used, and electrocardiogram (ECG) gating will be performed. The scan will include the following:

•Survey and reference scans prior to defining the short, vertical long, and horizontal long axes acquired with a balanced steady-state free precession (bSSFP), single-slice breath-hold sequence.

•Resting wall motion and left ventricular function will be assessed with a contiguous stack of multiphase ventricular short-axis bSSFP cines. Myocardial strain will be calculated from cine images as previously described15,16
•Native and post contrast short axis maps will be acquired to allow calculation of myocardial extracellular volume6
•Thoracic aortic cines and high temporal resolution flow sequences will be acquired to determine aortic distensibility and pulse wave velocity17.
8.4
Randomisation and Codebreaking


Not applicable

8.5
Subsequent Assessments


Not applicable 
8.6 
Definition of End of Trial
The end of trial will be the date of the last visit of the last participant. 

8.7
Discontinuation/Withdrawal of Participants from Study Treatment

Each participant has the right to withdraw from the study at any time.  In addition, the investigator may discontinue a participant from the study at any time if the investigator considers it necessary for any reason including: 

· Ineligibility (either arising during the study or retrospective having been overlooked at screening)

· If investigations indicate severe anaemia (Hb ≤70 g/l) or a glomerular filtration rate <60 subjects will be excluded from the study.

· Significant protocol deviation

· Significant non-compliance with study requirements

· An adverse event which requires discontinuation of the study or results in inability to continue to comply with study procedures

· Disease progression which requires discontinuation of the study or results in inability to continue to comply with study procedures

· Consent withdrawn

· Lost to follow up.
If the participant decides that they would like to withdrawal from the study, and their data and samples destroyed, they will be asked to complete a withdrawal form.
The reason for withdrawal will be recorded in the CRF.  

If the participant is withdrawn due to an adverse event, the investigator will arrange for follow-up visits or telephone calls until the adverse event has resolved or stabilised.  

8.8
Source Data

Source documents are original documents, data, and records from which participants’ CRF data are obtained.  These include, but are not limited to, hospital records (from which medical history and previous and concurrent medication may be summarised into the CRF), clinical and office charts, laboratory and pharmacy records, diaries, microfiches, radiographs, and correspondence.

CRF entries will be considered source data if the CRF is the site of the original recording (e.g. there is no other written or electronic record of data). In this study the CRF will be used as the source document for the non-invasive cardiac output monitoring, the cardiac magnetic resonance studies, and the circulating cardiovascular biomarkers.
 All documents will be stored safely in confidential conditions.  On all study-specific documents, other than the signed consent, the participant will be referred to by the study participant number/code, not by name.

9. TREATMENT OF TRIAL PARTICIPANTS
9.1
Description of Study Treatment 

Not applicable
9.2
Storage of Study Equipment or Related apparatus
Not applicable
9.3
Compliance with Study Treatment
Not applicable
10. SAFETY REPORTING
As this is an observational study, it is unlikely that any serious adverse events/reactions will be related to study procedures. Therefore only Serious Adverse Events/Reactions occurring during the study visit will be reported to the sponsor. No patient safety issues are anticipated in this study but in the unlikely event of a serious adverse event (SAE), including contrast reaction used in Cardiac MRI scan, these will be reported in in accordance with the Sponsor SOPs for safety reporting. No other SAE’s are expected.
11. STATISTICS

The statistical power of this study will be enhanced by the high-level phenotyping with cardiac magnetic resonance (CMR) which has excellent reproducibility, and we have often observed several-fold differences in metabolomics and CMR studies, with significant differences at p<0.05, with 30-60 cases and controls17.
As this is a pilot project this level statistical analysis is sufficient.

12. DIRECT ACCESS TO SOURCE DATA/DOCUMENTS
Direct access will be granted to authorised representatives from the sponsor, host institution and the regulatory authorities to permit trial-related monitoring, audits and inspections.

13. QUALITY CONTROL AND QUALITY ASSURANCE PROCEDURES
The study will be conducted in accordance with the current approved protocol, ICH GCP, relevant regulations and standard operating procedures. 

Regular monitoring will be performed according to ICH GCP. Data will be evaluated for compliance with the protocol and accuracy in relation to source documents. Following written standard operating procedures, the monitors will verify that the clinical trial is conducted and data are generated, documented and reported in compliance with the protocol, GCP and the applicable regulatory requirements. 

14. CODES OF PRACTICE AND REGULATIONS
14.1
Ethics

Describe ethical considerations relating to the trial. Include general and study specific ethics considerations.

14.2
Sponsor Standard Operating Procedures

All relevant Sponsor SOPs will be followed to ensure that this study complies with all relevant legislation and guidelines 

14.3
Declaration of Helsinki

The Investigator will ensure that this study is conducted in full conformity with the current revision of the Declaration of Helsinki (last amended October 2000, with additional footnotes added 2002 and 2004).

14.4
ICH Guidelines for Good Clinical Practice

The Investigator will ensure that this study is conducted in full conformity with relevant regulations and with the ICH Guidelines for Good Clinical Practice (CPMP/ICH/135/95) July 1996.

14.5
Approvals 
Once Sponsor authorisation has been confirmed, the protocol, informed consent form, participant information sheet and any proposed advertising material will be submitted to an appropriate Research Ethics Committee (REC) and host institution for written approval.  

Once Sponsor authorisation has been confirmed, the Investigator will submit and, where necessary, obtain approval from the above parties for all substantial amendments to the original approved documents.   

14.6
Participant Confidentiality

The trial staff will ensure that the participants’ anonymity is maintained.  The participants will be identified only by initials and a participants ID number on the CRF and any electronic database.  All documents will be stored securely and only accessible by trial staff and authorised personnel. The study will comply with the Data Protection Act which requires data to be anonymised as soon as it is practical to do so.  
14.7 
Other Ethical Considerations
The participants that consent to the study will be 12-18 months post-delivery. It is not anticipated that they will be a vulnerable group.
15. DATA HANDLING AND RECORD KEEPING
The database will contain data on each subject pseudo-anonymised on a unique study identifier number. Under this ID, the database will contain information on each subject’s demographics, information from their study visit, and any other relevant information extracted from their clinical care teams. Access to the study database will be restricted to bona fide investigators (all of whom will have had GCP training), the LCBRU IT team and administrators, by password restriction.

The name and any other identifying detail will NOT be included in this database.
16. STUDY GOVERNANCE

The study is being supported by the NIHR LCBRU and sponsored by the University of Leicester, the governance of the study will be monitored as risk assessed.

16.1
Trial Steering Committee (TSC)

Not applicable
16.2
Data Safety Monitoring Committee (DSMC)
Not applicable
17. FINANCING AND INSURANCE
The study is being funded by the NIHR LCBRU Small Grant Scheme.
· Research Costs – 
· CMR scans x 60 @ £300 each = £18,000 (marked reduced rate confirmed by Dr McCann)

· Consumables for non-invasive CO monitor= £3.60 x 60= £216.00

· Cark parking for subjects: 60 @ £2.50 each  = £150.00

· Plastic ware for storing blood samples (60 x 10) x 0.40= £240.00 
· U&E at UHL pathology lab £5.00 x 60= £300

· TOTAL: £18,906
[Blood samples will be stored for subsequent analysis at the end of the study.  The NIHR LCBRU research programme will have ceased at this time.  Funding for the analyses (approx: £3,000) will be sought from the NIHR LBRC (application pending); if the LBRC application is unsuccessful, funding will be through Gravida National Research Centre monies held by the PI]
18. PUBLICATION POLICY
The publication policy should cover authorship, acknowledgements, and review procedures for scientific publications. If there is a department or institution policy, or agreement, the protocol can refer to it.
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