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ABSTRACT

Introduction Pre-eclampsia is a hypertensive disorder
affecting up to 8% of pregnancies. After pre-eclampsia,
women are at increased risk of cognitive problems, and
cerebrovascular and cardiovascular disorders. These
sequelae could result from microvascular dysfunction
persisting after pre-eclampsia. This study will explore
differences in cerebral and myocardial microvascular
function between women after pre-eclampsia and women
after normotensive gestation. We hypothesise that pre-
eclampsia alters cerebral and myocardial microvascular
functions, which in turn are related to diminished cognitive
and cardiac performance.

Methods and analysis The cross-sectional ‘DEcreased
Cognitive functiON, NEurovascular CorrelaTes and
myocardial changes in women with a history of pre-
eclampsia’ (DECONNECT) pilot study includes women after
pre-eclampsia and controls after normotensive pregnancy
between 6 months and 20 years after gestation. We
recruit women from the Queen of Hearts study, a study
investigating subclinical heart failure after pre-eclampsia.
Neuropsychological tests are employed to assess different
cognitive domains, including attention, processing speed,
and cognitive control. Cerebral images are recorded using
a 7 Tesla MRI to assess blood-brain barrier integrity,
perfusion, blood flow, functional and structural networks,
and anatomical dimensions. Cardiac images are recorded
using a 3 Tesla MRI to assess cardiac perfusion, strain,
dimensions, mass, and degree of fibrosis. We assess the
effect of a history of pre-eclampsia using multivariable
regression analyses.

Ethics and dissemination This study is approved by the
Ethics Committee of Maastricht University Medical Centre
(METC azM/UM, NL47252.068.14). Knowledge dissemination
will include scientific publications, presentations at
conferences and public forums, and social media.

3,4,5

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Cerebral and cardiac MRI are performed in conjunc-
tion with neuropsychological tests within a narrow
timeframe to allow assessment of plausible connec-
tions within one and the other.

= Detailed obstetric and general medical history are
available and allow for adjustments for the effects
of covariates deemed important.

= Compared with conventional clinical 3T MRI, ultra-
high field 7T cerebral MRI offers cerebral images of
higher resolution which facilitates detection of subtle
anatomical, volumetric, and functional differences.

= Since participants are only measured after preg-
nancy, causal inference is impossible, yet observed
associations will help shape future prospective
studies.

= MRI does not allow direct measurement of micro-
vascular function, and markers of microvascular
dysfunction are used instead.

Trial registration number NCT02347540.

INTRODUCTION

Background

Pre-eclampsia is a hypertensive gestational
disorder complicating up to 8% of preg-
nancies.! Pre-eclampsia is defined as new-
onset hypertension (=140/90mm Hg) after
20 weeks of gestation combined with either
proteinuria (2300 mg/24 hours), fetal growth
restriction, or other maternal organ dysfunc-
tion.” Aside from immediate risks for mother
and child, women are also more likely to
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develop cerebrovascular and cardiovascular disease later
in life after pre-eclampsia, including stroke, dementia,
cerebral small vessel disease (cSVD), ischaemic heart
disease, and heart failure.” We also observe cognitive
performance issues, particularly in relation to memory
and concentration, after pre-eclampsia.* ° It remains
unknown whether this reduced cognitive performance
originates from psychological trauma, cerebrovascular
disease, or cardiovascular disease after enduring pre-
eclampsia. The DECONNECT study will investigate how
cardiac and cerebral (microvascular) dysfunction are
related to cognitive performance after pre-eclampsia and
pre-existing psychological conditions when compared
with normotensive pregnancies. Furthermore, we will
assess the link between pre-eclampsia and exploratory
anatomical and functional cerebral and cardiovascular
changes after gestation.

Cerebrovascular disease and cognitive functioning

Previous objective cognitive performance studies showed
few if any abnormalities after pre-eclampsia, yet subjec-
tive cognitive impairment appears common after pre-
eclampsiafH Most notably, these studies focused on
cognitive performance regarding attention, memory,
word fluency, concentration, executive function, and
spatial visualisation. ®7 A possible explanation may be
underlying c¢SVD caused by hypertension during pre-
eclampsia. Increased blood-brain barrier leakage and
more cerebral white matter lesions are common in
¢SVD and both associate with reduced cognitive perfor-
mance.*"" Researchers have previously observed an
increased number of cerebral white matter hyperinten-
sities after pre-eclampsia, which could provide support
for the hypothetical link between cSVD and the cogni-
tive problems observed after pre-eclampsia.'** Neverthe-
less, some studies did not observe a higher frequency of
white matter hyperintensities after pre-eclampsia and, if
present, these hyperintensities were smaller compared
with those observed in ¢SVD. The clinical implications of
white matter hyperintensities after pre-eclampsia remain
to be elucidated.'*"*

Furthermore, cognitive complaints may not only
originate from cerebral microvascular alterations but
also from mental health disorders, including anxiety,
depression, and post-traumatic stress disorder.”” '° Poor
mental health relates to altered functional brain activity,
altered structural connections, and smaller amygdala and
hippocampal volumes.'” "® Thus, reduced mental health,
changes in brain activity, cerebral connections, and
volumes may explain cognitive performance issues after
pre-eclampsia.

Cardiac disease

Pre-eclampsia is an important risk factor for preclin-
ical, or asymptomatic, heart failure."” Asymptomatic
heart failure is present in one of four women within a
decade after pre-eclampsia and may progress into symp-
tomatic heart failure when left untreated.” Although the

exact aetiology and associated risk factors of developing
heart failure after pre-eclampsia remain not fully under-
stood, microvascular dysfunction seems to play a pivotal
role.”” *! Recent studies show the involvement of micro-
vascular dysfunction in the development of heart failure,
both with and without a preserved ejection fraction, in
the general population, especially in women.** Microvas-
cular dysfunction in heart failure with preserved ejection
fraction is also associated with diffuse myocardial fibrosis,
leading to increased myocardial stiffness.”**

Furthermore, how humans act and evaluate their envi-
ronment is to a certain degree influenced by interactions
between physiological body—brain rhythms.*® A suggested
link between the heart and brain may affect cognitive
ability and behaviour. This axiom lends further credence
to investigate cognition, the brain, and the heart in
tandem.

Research hypotheses and aims

The primary aim of the DECONNECT study is to inves-
tigate cerebral and cardiac microvascular functioning
along with cognitive performance in women with a
history of pre-eclampsia versus normotensive gestation.
Our hypothesis is that cerebral and cardiac microvascular
dysfunction are present in women after pre-eclampsia and
associate with cognitive impairment. Included markers of
cerebrovascular damage are perfusion, number of white
matter hyperintensities, volumes of cerebral structures,
and functional and structural brain networks. Further-
more, we will assess the extent of cardiac microvascular
dysfunction, diffuse myocardial fibrosis, and myocardial
stiffness. Finally, cognitive performance will be measured
in relation to cerebral and cardiac microvascular
functioning.

METHODS AND ANALYSIS
Study design and population
The DECONNECT study is a cross-sectional study in
women after pre-eclampsia and controls with a history of
normotensive pregnancy. Women who previously partici-
pated in the Queen of Hearts study and meet our inclu-
sion and exclusion criteria (online supplemental Table
S1) will be invited to participate in the DECONNECT
study to undergo cognitive testing, 7T cerebral MRI, and
3T cardiac MRI (figure 1). The Queen of Hearts study
examines subclinical heart failure in women after pre-
eclampsia and controls with normotensive pregnancy
(METC: azM/UM, NL47252.068.14). During a single
study visit, a cardiovascular and metabolic health evalua-
tion is conducted, which includes documenting general,
family, and obstetric history, educational attainment, as
well as smoking and drinking habits, among other factors.
Additionally, we conduct cardiac ultrasound and record
measurements such as height, weight, Body Mass Index
(BMI), and blood pressure during the evaluation.

To allow detection of medium effect sizes, that is,
Cohen’s d20.5 with 80% power and using a 2:1 sampling
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Figure 1

Graphical representation of the measurements and tests performed by the DECONNECT study. COWAT, Controlled

Oral World Association Test; DCE-MRI, Dynamic Contrast-Enhanced MRI; DSC-MRI, Dynamic Susceptibility Contrast MRI; DT,
diffusion tensor imaging; FLAIR, Fluid-Attenuated Inversion Recovery; fMRI, functional MRI; LGE, Lte Gadolinium Enhancement;
MP2RAGE, Magnetisation-Prepared 2-Rapid Acquisition Gradient Echo; MOLLI, MOdified Look-Locker Inversion recovery;

Sa2RAGE, Saturation-prepared 2-Rapid Acquisition Gradient Echo; SWI, susceptibility-weighted imaging; WAIS, Wechsler Adult

Intelligence Scale.

ratio, 66 women with a history of pre-eclampsia and 33
controls should be included at an alpha of 0.05. Ten per
cent more participants, corresponding to 73women after
pre-eclampsia and 37 controls, will be included to account
for potential low image quality and participant drop-out.2

Cognitive functioning

Trained interviewers will administer the following neuro-
psychological tests. First, the Concept Shifting Test” is
performed to measure attention, processing speed, visual
scanning capability, and cognitive flexibility with speed
(ie, reaction times). We instruct participants to cross
out circles in sequence that contain encircled numbers
in ascending order. We repeat this task using letters
instead of numbers, and perform it again with alternating
sequences of numbers and letters. Finally, participants
need to cross out blank circles as quickly as possible
within predefined time limits. We record response times
for each round. The response time for the last task allows
adjustment for motor speed.

Second, the Digit symbol substitution test is performed
to evaluate attention, processing speed, and learning
capabilities.28 In this test, numbers are paired with unique
geometric shapes and participants have to transcribe
a string of numbers with the corresponding geometric
shapes. The number of correct responses within a fixed
time limit reflects attention, processing speed, and
learning capabilities.

Third, word fluency is tested with the Adaptation of
Controlled Oral Word Association Test and includes
assessment of semantic memory, attention, cognitive
flexibility, and information processing speed.” Within
60s, participants need to provide as many unique words
as possible starting with a specific letter or belonging to
a certain subject. The first method measures phonemic
fluency and the latter semantic fluency. The number
of correct answers reflects performance of semantic
memory and attention, cognitive flexibility, and informa-
tion processing speed.
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Fourth, participants are asked to complete the standard
and emotional Stroop Colour Word tests. The required
time to finish the test serves as marker of information
processing, attention, response interference, and inhi-
bition.” Participants have to read written words, identify
colours, and then identify colours incongruent with the
written words. Time elapsed until task completion and
number of correct responses serve as outcome measures.

Fifth, score summation of two subtests (Block Design
and Vocabulary) from the Wechsler Adult Intelligence
Scales provides an estimate of general intelligence. The
Block Design task is a construction test that measures visual
reasoning. Participants are given a number of blocks; two
red, two white, and two half-red-half-white sided blocks,
to replicate designs given on paper. The time required to
complete construction determines the test score, ranging
from 1 to 19, using age-adjusted norms. In the Vocabu-
lary subtest, participants describe the definition of a word
as accurately as possible. Possible scores are 0, definition
is incorrect, 1, definition is partially correct, and 2, defi-
nition is correctly explained. To obtain a general intel-
ligence estimate, raw scores are transformed into scaled
scores using norm-referenced scores, with higher scores
indicating better test performance.”

Finally, personality traits defined by the Five Factor
Model; neuroticism, extraversion, openness, agreeable-
ness, and conscientiousness, are assessed with the adapted
version of Goldberg’s adjective 100 list.” For each person-
ality trait,” participants indicate on a 7-point scale to what
extent they agree with presented statements, such as ‘I
am friendly’, with higher scores indicating increased pres-
ence of the specific personality trait. Participants scoring
high on neuroticism are more prone to experience nega-
tive emotions, whereas those scoring high on extraversion
have the tendency to experience positive emotions. High
scores for openness indicate more creative and curious
personality traits, while agreeableness reflects ease of
interacting with others. Conscientiousness reflects how
strict one adheres to principles. Differences in personality
traits between women with and without a history of pre-
eclampsia aid the interpretation of potential differences
observed during neuropsychological testing.

Cerebral MRI

Data acquisition

A 7T MRI system (Magnetom, Siemens Healthineers,
Erlangen, Germany) with a 32-channel phased-array
head coil (Nova Medical coil, Wilmington, MA, USA) will
be used for high-resolution cerebral imaging. Dielectric
pads are placed on both sides of the neck proximal to the
temporal lobe to improve cerebral field homogeneity.™
Imaging sequences and parameters are listed in more
detail in online supplemental Table.S2.

To determine cerebral volumes, cortical thickness, and
degree of cerebral atrophy, 3D T -weighted images are
acquired with an Sa2RAGE (Saturation-prepared with
2 Rapid Gradient Echoes) sequence to correct for field
inhomogeneities. A FLAIR (Fluid Attenuated Inversion

Figure 2 FLAIR image (A), SWI image (B), T2-weighted
image (C), fMRI images (D1-D3), and DTl images (E1-E3) of
a woman with normotensive gestational history in the axial
plane. DTI, diffusion tensor imaging; FLAIR, Fluid-Attenuated
Inversion Recovery; fMRI, functional MRI; SWI, susceptibility-
weighted imaging.

Recovery) sequence is used in combination with T,
weighted images to assess white matter hyperintensities,
and a SWI (susceptibility-weighted imaging) sequence to
assess microbleeds (figure 2A and B, respectively). FLAIR
and T,weighted sequence images are also used to assess
lacunar infarctions (figure 2C).

Furthermore, blood-brain barrier integrity is exam-
ined using our previously described Dynamic Contrast-
Enhanced MRI (DCE-MRI) protocol.35 To detect regions
of hypoperfusion and to investigate cerebral blood flow,
Dynamic Susceptibility Contrast-MRI (DSC-MRI) will be
performed. A gadolinium-based contrast agent, 1.0M
gadobutrol, is administered intravenously at a flow rate of
0.3 mL/s during the DCE-MRI and DSC-MRI scans.

Finally, functional brain networks are explored with
functional MRI using a multiband gradient-echo echo-
planar imaging pulse sequence. Structural brain networks
are evaluated using diffusion tensor imaging with a multi-
band echo-planar imaging pulse sequence (figure 2

D1-D3 and E1-E3).

Data analysis

Incidental findings are checked by an experienced
radiologist. White matter hyperintensities are
measured by assigning Fazekas scores by a trained
analyst.”® Volumes of the whole cerebrum, grey and
white matter, brain lobes, hippocampus, amygdala,
and cortical thickness are determined by semiau-
tomatic brain segmentation of T -weighted images,
facilitated by the FLAIR images, using dedicated soft-
ware (Freesurfer, V.6.0, Laboratory for Computational

4

Brandt Y, et al. BMJ Open 2024;14:¢077534. doi:10.1136/bmjopen-2023-077534

1ybuAdoo
Ag pa199101d "Wepianoy AlsiaAlun shwisel3 1e $20z ‘T2 Yore uo /wod g uadolwgy/:dny woly papeojumod #7202 YdIelN ¥ Uo £S5/ /0-£20z-uadolwg/osTT 0T Se paysiignd 1say :uado rNg


https://dx.doi.org/10.1136/bmjopen-2023-077534
http://bmjopen.bmj.com/

=
=
oy
)
3
5

wall? . E 0.025

Figure 3 T,-weighted skull stripped image of a woman
with normotensive gestational history in the axial plane
before (A) and after segmentation (B) to obtain regional
brain volumes, and axial T,-weighted slice (C) and the
corresponding DCE slice with a colour-coded overlay of
the blood-brain barrier leakage map in an ischaemic stroke
patient (D).

Neuroimaging, Athinoula A. Martinos Centre for
Biomedical Imaging, Boston, MA, USA).*” *® Subject-
specific segmentations are visually inspected by a
trained analyst for errors, and again automatically
segmented after manual error correction. Figure 3A
and B provides an overview of how acquired T -
weighted images and brain segmentation are used to
calculate cerebral volumes.

As a marker of blood-brain barrier integrity, leakage
rates of blood plasma through the blood-brain barrier
into brain tissue are obtained by calculating the capil-
lary fractional blood plasma volume and the fractional
leakage volume in a voxel-wise and regional-based
manner using the Patlak graphical approach in Matlab
(R2018b; MathWorks, Natick, MA, USA) (figure 3C and
D).” Cerebral perfusion and blood flow are extracted
from the dynamic susceptibility contrast images in a
voxel-wise manner using a block-circulant singular
value decomposition algorithm.

Functional MRI data are used to address differences
in whole cerebral and regional functional networks.
Image preprocessing is performed with the FMRIB Soft-
ware Library (FSL, V.6.0.1, Oxford, UK) followed by a
region-of-interest-based (aka, seed-based) correlation
analysis in Matlab. Finally, structural brain networks
are investigated using the diffusion tensor images with
the Matlab-based diffusion MR toolbox (ExploreDTI,
Utrecht, the Netherlands). Network analysis for both
functional and structural networks is done with the
Brain Connectivity Toolbox (V.2019-03-03 in Matlab)
to quantitatively assess global and regional-based graph
measures.

Cardiac MRI

Data acquisition

Cardiac MRI data are acquired with a 3T MRI system
(Ingenia, Philips Healthcare, Best, the Netherlands)
using a phased-array torso radiofrequency coil (dStream,
Philips Healthcare, Best, the Netherlands). Detailed MRI
parameters are provided in online supplemental Table
S3.

Planimetric data are obtained using two-dimensional
cine MRI with short-axis, two-chamber, and four-chamber
views of the left ventricle of the heart. ECG gating is used
to capture a full cardiac cycle and to prevent respiratory
motion artefacts a breath-hold is instructed. Perfusion
data are obtained through dedicated perfusion MRI,
consisting of a time series of three MRI slices at basal,
mid, and apical position, that includes at least two passes
of an intravenously administered bolus of gadubutrol
(Bayer Schering, Leverkussen, Germany) through the
left ventricular cavity. The total injected dose equals
0.05mmol/kg body weight for both rest and stress perfu-
sion measurements. Equal dosages are used. For late
enhancement, the second bolus is administered after a
sufficient wash-out period observed after the first dose. A
contrast agent is injected using a power injector at a rate
of 4 mL/s followed by a saline flush. Adenosine (140pg/
kg/min) is given intravenously to induce pharmacolog-
ical vasodilation simulating a cardiac stress response. A
delay of 5min between stress and rest measurements is
incorporated to minimise potential effects of lingering
adenosine, which has a halflife of less than 10 s.

Precontrast and postcontrast T ,-maps are acquired to
determine extracellular volume (diffuse fibrosis/collagen
formation) within the myocardium. A modified look-
locker inversion (MOLLI) sequence is used to measure
both the native (normal state) and postcontrast (10 min
after injection) T, relaxation times of the myocardium.
To prevent respiratory motion artefacts, T, maps will be
acquired during a breath-hold or, when breath-holding
appears unsuccessful, with the use of a navigator. Simi-
larly, to assess focal fibrosis, a late gadolinium-enhanced
MRI is performed during a breath-hold or with a navi-
gator in case of an unsuccessful breath-hold.

Data analysis

An experienced cerebral and cardiac radiologist blinded
to the obstetric history determines incidental findings
and the presence of focal fibrosis in the late gadolinium
enhancement images. Figure 4 provides an overview
of image analysis for planimetric data and for strain
measurements. Planimetric data will be analysed using
dedicated software (CAAS MR Solutions V.5.2.1, Pie
Medical Imaging, Maastricht, the Netherlands). Stroke
volume and left ventricular ejection fraction are calcu-
lated from myocardial dimensional parameters obtained
by manually contouring the endocardium and epicar-
dium by a trained analyst. The end-diastolic myocardial
mass is calculated with the myocardial specific gravity
constant.” Papillary muscles are excluded from analysis.
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Figure 4 Image analysis of cine MR images to quantify left-
ventricular volumes, mass, and myocardial strain. Subfigures
A and B show quantification regarding the left ventricular
short axis, subfigures C and D regarding the two-chamber
view, and subfigures E and F regarding the four-chamber
view. Blue circles delineate the epicardium and red circles
delineate the endocardium. Light blue lines show the tissue
displacement path over the cardiac cycle. Papillary muscles
have been excluded from examination. CAAS MR V.5.2.1 (Pie
Medical Imaging, Maastricht, the Netherlands) was used for
figure creation.

Strain measurements are performed using the dedi-
cated software (CAAS MR Solutions V.5.2.1, Pie Medical
Imaging, Maastricht, the Netherlands). Contouring is
based on a machine learning approach followed by a
manual correction in four-chamber, two-chamber and
short-axis planimetric images if deemed necessary by an
experienced analyst. A feature tracking approach is used
to assess global peak strain, and strain rate in the systolic
phase, and the early and late diastolic phase.

Figure 5 provides an overview of image analysis for first-
pass perfusion imaging and T -map analysis. The signal
intensity-time curve of the left ventricular myocardium
is analysed to quantify the myocardial perfusion through
first-pass perfusion imaging. Dedicated software (CAAS
MR Solutions 3.5, Pie Medical Imaging, Maastricht, the
Netherlands) is used to determine myocardial perfusion

Figure 5 Image analysis of first-pass perfusion and tissue-
mapping imaging. Subfigures A, B, and C show the passage
of the contrast bolus and the myocardial signal intensity gain
as a response. Subfigure D shows the heatmap overlay of a
tissue mapping analysis. CAAS MR Solutions V.3.5 (perfusion
imaging) and CAAS MR V.5.2.1 (tissue mapping) (Pie Medical
Imaging, Maastricht, the Netherlands) were used for figure
creation.

upslopes to allow calculation of the Myocardial Perfu-
sion Reserve Index (MPRI). This requires manually
contouring the endocardium and epicardium by an expe-
rienced analyst, automatic signal intensity-time plotting by
dedicated software, and visual assessment of fit quality on
the initial upslopes for the myocardium and left ventric-
ular cavity. To achieve optimal fitting of the upslope, the
number of data points is adjusted downwards from a
starting value of five. To prevent partial volume effects, a
margin of 2 pixels is used as a border offset. Focal fibrosis
identified by the radiologist is excluded from the region
of interest. The mean upslope is derived for each slice
with a kernel between 2 and 5 data points and visually
assessed for goodness of fit to obtain averaged values.

T, relaxation times are obtained after manually
contouring a septal region within the myocardium on
the T, maps using the dedicated software (CAAS MR
Solutions V.5.2.1, Pie Medical Imaging, Maastricht, the
Netherlands). The T, relaxation time of the blood pool
and the postcontrast T, relaxation times are also assessed.
These parameters along with the haematocrit sampled
right before cardiac MRI are used to determine the
extracellular volume as a measure of diffuse myocardial
fibrosis (Equation 1).*

ARl myocardium

ECV = 1-HTC
(%) . AR yio0a pool

Equation 1: Calculation of extracellular volume from
haematocrit and T, relaxation times. ECV, extracel-
lularvol (%); HTC, haematocrit; R1, 1/T, (ms) with T,
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being the T, relaxation time. A denotes the difference
between native and postcontrast values.

Statistical analysis plan
Normal distribution of data is visually evaluated by
constructing histograms, P-P plots, and Q-Q plots. Base-
line characteristics are reported as mean with SD for
normally distributed data, median with IQR for ranked
and skewed distributions, and n (%) for categorical vari-
ables. Missing data are imputed using multiple imputa-
tion with fully conditional specification, with the number
of imputations set equal to the percentage of incom-
plete records if below 5%. Baseline characteristics are
presented for the entire study population and stratified
for a history of pre-eclampsia. Between-group differences
are tested using the Independent Samples T-test, Mann-
Whitney U, Pearson’s % or Fisher’s exact, as appropriate.
Primary and secondary outcomes are analysed
using univariable and multivariable linear and logistic
regression analyses adjusted for theoretically plausible
confounders after checking for multicollinearity which
is assumed when the variance inflation factor exceeds
4. Multivariable regression is used with adjustment for
confounding factors considered important based on liter-
ature and expert opinion. Potential confounders include
age, time postpartum, educational attainment, BMI, pres-
ence of mental health disorders, smoking and drinking
habits, and markers of maternal obstetric disease severity.
Data sets are checked for compliance with the relevant
assumptions per statistical test employed. A history of
pre-eclampsia is the primary independent variable and
a p-value below 0.05 defines statistical significance. SPSS
(V.28, 2021, IBM, New York, USA) is used for statistical
analyses.

Patient and public involvement
Patients and the public were not involved in the design,
conduct, reporting, and dissemination plans of this study.

DISCUSSION

Despite current knowledge strongly suggesting a contri-
bution of (micro)vascular dysfunction to an elevated risk
of cardiovascular disease after pre-eclampsia, evidence
for associations between cognitive performance, cerebral
complications, cardiac complications, and a history of
pre-eclampsia is limited. Furthermore, studies focusing
on microvascular functioning within the brain and heart
after pre-eclampsia are lacking.

This study will determine whether pre-eclampsia asso-
ciates with cardiac and cerebral microvascular dysfunc-
tion. Identification of imaging biomarkers that reflect
early cerebral, and cardiac impairment aids our under-
standing of the aetiology and physiological pathways of
pre-eclampsia. It may also help linking microvascular
dysfunction with potential cognitive defects, and guide
future studies in the development of interventions to

improve vascular health and cognitive functioning after
pre-eclampsia.

The primary strength of this study is the assessment
of several previously undescribed or poorly described
parameters in the context of pre-eclampsia simultane-
ously within the same study population. This allows reli-
able investigation of multiple outcomes corrected for
identical clinical and experimental parameters and may
reveal previously hidden connections between cardiac,
cerebral, and cognitive characteristics. By recruiting
women with a broad range of postpartum times, from 6
months to 20 years after pregnancy, the effect of elapsed
time after gestation and age can also be examined.

ETHICS AND DISSEMINATION

Ethics

Ethical approval has been granted by the local medical
ethical committee of MUMC+ (METC azM/UM,
NL47252.068.14). The study will be conducted according
to the current version of the ICH GCP guidelines and
following the Declaration of Helsinki. All participants
will be informed about study procedures and written
informed consent will be obtained before participation.

Data safety and storage

All data will be pseudoanonymised and stored on secured
internal network servers of the MUMGC+using Impax
(AGFA-Gevaert, N.V., Mortsel, Belgium) and Sectra
(Sectra AB, Link6ping, Sweden). Additionally, imaging
data will be stored on dedicated Linux-based data servers.
Clinical and analysed data will be stored on a secure
network location of MUMCH+. Paper case report forms will
be archived in a secure cabinet at MUMC+.

Trial status

This study is currently actively recruiting, and the first
patient is included on 30 January 2018. Study completion
is anticipated in December 2024. In April 2023, 87 (64
women with a history of pre-eclampsia and 23 controls)
are included.

Dissemination

Results of this study will be submitted for publication
in peerreviewed scientific journals and inter(national)
scientific congresses. A summary of the results will be
made available to the public and will also be provided to
the participants.
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