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Abstract

Global longitudinal strain (GLS) is becoming routinely used to direct the medical management
of various cardiac diseases, but its application in pregnancy is unclear. Our objective was to
perform a meta-analysis and pool multiple study data to consolidate the evidence base for the
role of GLS in the assessment of women with hypertensive disorders of pregnancy (HDP).
Electronic database searches were performed in PubMed/Medline and EMBASE for research
articles reporting GLS in pregnancies complicated by HDP and normotensive pregnancies that
have been published up to September 2021. The meta-analysis included 17 studies with a
pooled sample size of 1723 participants, which included 951 women with HDP, of which 680
were pre-eclamptic (PE), and 772 controls. The primary random-effects pooled analysis
demonstrated a statistically significant weighted mean difference (MD) in GLS between the
HDP and control group (MD: 3.08%, CI=2.33-3.82, p<0.001). When analysed including only
PE studies, there was also a statistically significant mean difference (MD: 2.98%, 95%
CI=1.97-3.99, p<0.001). This meta-analysis demonstrates that HDP is associated with greater
cardiac maladaptation, evidenced by a significantly reduced GLS compared to normal
pregnancy. Echocardiography should be considered as a screening tool in women with HDP to

enable early cardiovascular risk prevention through national initiatives.
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Introduction

Hypertensive disorders of pregnancy (HDP) are the most common complications of pregnancy
and is estimated to affect 5-15% of all pregnancies.'” It is increasingly recognized that women
experiencing HDP are at increased risk of postnatal cardiovascular disease (CVD),* which is
the leading non-obstetric cause of mortality in pregnancy and accounts for 18% of global
maternal mortality.>® As such, knowledge of the physiological adaptations and maladaptation’s
to pregnancy is important, to differentiate normal and abnormal responses. Early recognition
may prove vital in order to plan appropriate interventions to reduce adverse outcomes.” A
previous systematic review® provided important information surrounding the value of
echocardiography to risk stratify and manage pre-clinical and clinical phases of HDP.
Specifically, adverse changes in cardiac function and morphology, namely diastolic
dysfunction and left ventricular remodelling were identified, which was shown to correlate
with disease severity and adverse outcomes.® Indeed, overt cardiac dysfunction can occur in up
to 40-45% of women with preeclampsia.® However, echocardiographic studies have shown that
even healthy pregnant women at term may demonstrate signs of cardiac maladaptation and as

such, a more sensitive marker of cardiac dysfunction is desirable.’

Global longitudinal strain (GLS), representing the magnitude of myocardial deformation, is an
important emerging tool for the quantification of left ventricular (LV) function in clinical
practice and is more sensitive and reproducible in detecting subclinical cardiac changes
compared to conventional techniques.!” Indeed, a recent study demonstrated that pregnant
women with term preeclampsia and minimal changes on conventional echocardiography
demonstrated significant reductions in GLS compared to healthy term pregnant women.'!

Importantly, longitudinal data has demonstrated significant differences in cardiac structure,



function and GLS between HDP and non-HDP patients persist a decade following pregnancy,
highlighting the need for continued surveillance and therapeutic interventions.!? Due to the
short and long-term CVD risks of HDP, the aim of this study was to perform a meta-analysis
and pool multiple study data to consolidate the evidence base for the role of GLS in the

assessment of women with HDP.



Methods

The authors declare that all supporting data are available within the article and its Data
Supplement. This systematic review and meta-analysis were performed in accordance with the

PRISMA and MOOSE guidelines (PROSPERO Reg ID: CRD42021254571).13- 14

Protocol, eligibility criteria, information sources and search

Electronic database searches were performed in PubMed/Medline and EMBASE for research
articles reporting GLS in pregnancies complicated by HDP and normotensive pregnancies that
has been published up to September 2021. The search strategy included combinations of the
relevant medical subject heading (MeSH) terms, key words, and word variants for
“preeclampsia”, “hypertensive disorders of pregnancy”, “global longitudinal strain”, “speckle
tracking” and an array of their synonyms (see supplementary file). No search filters on

language or date of publication were applied. Reference lists of relevant articles and reviews

were hand searched for additional reports.

Study selection, data collection and data items

Case-control studies reporting maternal left ventricle GLS assessed by a standard trans-thoracic
echocardiography during pregnancy or <7 days post-partum in women affected by HDP were
considered. Case reports and studies without a control group of normotensive pregnant women
were excluded. HDP that include gestational hypertension and preeclampsia (PE) were defined
by international guidelines.'> '®* Women with new-onset hypertension (>140mm/Hg systolic or
>90mm/Hg diastolic on two separate occasions 12 h apart) were classified as gestational
hypertension or preeclampsia according to the presence of systemic involvement (significant

proteinuria or maternal organ dysfunction).



Two authors (JE and VG) independently screened all papers for eligibility. Studies were
initially screen by title and abstract, and subsequently by full text if they met the relevant
inclusion criteria. Any inconsistency and disagreement were discussed by the researchers and
a consensus was reached. Following study recruitment, the respective data of all included
studies was extracted independently by two researchers (JE and VG) for the analysis. If more
than one study was published for the same cohort, the study containing the most comprehensive
information was included to avoid overlapping populations. For those articles in which
information was not reported but the methodology indicates that this information would have

been recorded initially, the authors were contacted!’"’.

Study quality assessment

The risk of bias and methodological quality of the included studies was measured using the
Newecastle-Ottawa Quality Assessment Form for Case-Control Studies (NOS).2 NOS is a tool
designed for the assessment of non-randomised studies, judged on the categories: selection,
comparability and exposure; with a maximum achievable score of 9 stars. For the purpose of
subgroup analysis, study quality was determined as ‘high’ with a NOS of 8 or 9. Two
researchers (JE and VG) independently scored each of the included papers and resolved any

discrepancies via consensus.

Quantitative analysis

The extracted raw data was manually inputted into Comprehensive Meta-Analysis
(Comprehensive Meta-Analysis Version 3, Biostat, Englewood, NJ, USA). A pooled analysis
was performed on all recruited studies to establish the weighted mean difference in GLS%

between HDP and control. Further, separate PE-only analysis was performed independently to



measure the weighted mean difference in GLS% between PE and control. Finally, independent
subgroup analyses on study quality, severe PE, gestational hypertension, and pre-existing
chronic hypertension were determined. Statistical heterogeneity was tested alongside the
pooled analysis and reported as Cochran’s O and the I? statistic. Statistical significance for Q
was P <0.01 and >40% for the I° statistic.?! Once past this threshold, post-hoc tests such as
Egger’s test (1997) were systematically planned to assess the presence of funnel plot
asymmetry to account for potential publication bias.??> Random effects analysis was selected as
suggested when inter-study variability is confirmed through significant heterogeneity?!. The
results of the pooled analysis were considered significant with a P value of <0.05 and a Z-value

of >2.

A meta-regression was performed to ascertain if any moderator variables influenced GLS and
explain any of the observed inter-study variance in outcomes. The moderators assessed
independently were: control group systolic and diastolic blood pressure, strain software,

gestational age at assessment, mother age and body mass index (BMI).



Results

Study and participant characteristics

Figure 1 details the PRISMA systematic review flowchart. Our initial search in December 2020
identified 520 studies, which when updated in September 2021 identified 44 new studies (564
studies), reducing to 403 upon removal of duplicates. After screening the records against the
title and abstract, 373 studies were excluded, leaving 30 papers for full-text review. Of these,
11 were removed for containing the wrong outcome data, 1 for an irrelevant study population
and 1 for insufficient data reporting. As such, the final meta-analysis included 17 studies with
a pooled sample size of 1723 participants which included 951 women with HDP, of which 680
were pre-eclamptic, and 772 controls. All relevant study characteristics including NOS scores
are presented in Table 1. Only three studies were classified as ‘high’ quality, and thus study

quality could not be used for sub-group sensitivity analysis.

Primary analysis

The primary random-effects pooled analysis demonstrated a statistically significant weighted
mean difference in GLS between the HDP and control group (MD: 3.08%, CI=2.33-3.82,
p<0.001, Z=8.1) (Figure 2). When analysed including only PE studies, there was also a
statistically significant mean difference (MD: 2.98%, 95% CI=1.97-3.99, p<0.001, Z=5.79)
(Figure 3). There was statistically significant heterogeneity in both the PE (p<0.001, Q=188.7,
’=93%) and HDP (p<0.001, Q=200.1, 1’=90%) primary analyses. As such, the post-hoc
Egger’s test (1997) was performed, suggesting no evidence of publication bias (p=0.235) (see

figure S1).

Subgroup and moderator analysis



When studies including women with pre-existing chronic hypertension were excluded, there
was a significant mean difference in GLS between HDP and control (MD: 3.19%, 95% CI=
2.37-4.01, p<0.001, Z=7.66), and PE and control (MD: 3.15%, 95% CI=2.1-4.2, p<0.001,
7=5.9) (see figures S2 and S3). Analysis of gestational hypertension-only cohorts revealed a
significant mean difference in GLS from the control group (MD: 3.25%, 95% CI= 2.78-3.71,
p<0.001, Z=13.73) (figure S4). Furthermore, subgroup analysis of severe-only PE showed a
significant mean difference in GLS between severe PE and control (MD: 1.26%, 95% CI=
0.79-1.72, p<0.001, Z=5.30) (figure S5). There was no statistical significance for the moderator
variables: strain software, gestational age and mother age. Control group BP did explain some
variance, however, not to statistical significance (p=0.05, R? 0.09). As such, BMI was the only
significant moderator (p=0.029, R? 0.46), with an increase in BMI producing a decrease in

mean difference in GLS between HDP and control (see figure S6).



Discussion

This meta-analysis has demonstrated that HDP 1is associated with greater cardiac
maladaptation, evidenced by a significantly reduced GLS compared to normal pregnancy. The
mean GLS in women with HDP was -17.4+2.8% vs -20.64+2.3% for normal pregnancy, which
is greater than two standard deviations below normal GLS values reported in the general
population <40 years of age, and falls below the lowest percentile.?®> This result may have
significant clinical implications, since GLS values within the lowest quartile were associated
with a 5-fold higher risk of heart failure, 4-fold higher risk of myocardial infarction and 2-fold
higher risk of CVD in a low risk general population.>* Indeed, each 1% reduction in GLS was
associated with a 12% increase in the risk of adverse outcomes,?* which based on our results
may translate to a 37% (3.08% weighted mean difference in GLS between HDP and control)
increased risk of adverse outcomes in women with HDP compared to normal pregnancy. This
assumption is close to the 31% increased 10-year CVD risk (Framingham score) reported in

women with preeclampsia compared to women without preeclampsia.*

Echocardiography assessment and reporting of GLS is not widely used in the clinical
management of HDP or as a screening tool, except for research settings, which enables clinical
escalation. Pregnancy may be an important opportunity for early identification of women at
increased risk of CVD later in life.>> 2° Previous work suggests that echocardiography can
improve the management of patients with HDP and categorize women into high and low risk.°
This is not surprising, since a number of studies have reported that women with HDP present
with impaired diastolic and systolic myocardial function, adverse biventricular remodelling,

hypertrophy, haemodynamic instability and indirect signs of myocardial ischaemia and



8, 27, 28

fibrosis, which can remain significantly different from women without HDP up to a

decade following pregnancy.'?

The addition of GLS may identify the most vulnerable patients and through a tailored medical
management programme, provide an opportunity to improve both maternal and fetal outcomes;
for example, reduce utero-placenta hypoperfusion with benefits for fetal growth and therefore
prolongation of the pregnancy, reducing prematurity, which may play a key role in ameliorating
perinatal morbidity and mortality in pregnancies complicated by HDP. Indeed, abnormalities
in myocardial deformation indices are seen early in the development of many
pathophysiological states and is highly sensitive at detecting even mild myocardial damage.?*
Previous work has demonstrated that cardiac dysfunction detected using myocardial strain was
observable early in pregnancy with relatively normal BP and which predated complications
such as pre-eclampsia.?’ This is consistent with other studies, which demonstrated that women
at high risk of pre-eclampsia (pre-existing chronic hypertension or history of pre-eclampsia)
and who developed recurrent pre-eclampsia showed higher rates of left ventricle remodelling
and diastolic dysfunction in mid-gestation compared to those who did not have recurrent pre-
eclampsia.?>3%-3! It is likely that cardiovascular dysfunction is involved in the pathophysiology
of preeclampsia; however, a prospective study using GLS is required in order to attempt to
answer this important question. In circumstances where image quality is sub-optimal, it may
not be possible to acquire GLS measures, which can be in up to 20% of individuals.!! However,
the use of contrast combined with recent software capable of measuring GLS may eliminate

this limitation.>?

The pathophysiological mechanisms relating HDP with escalated CVD risk in later years is

poorly understood, which limits the development of appropriate interventions to prevent future



CVD in these women. Medical management of HDP is well documented® and exercise training
interventions are established as effective for reducing CVD risk in the general population®* and
in numerous CVD conditions.*® Importantly, although the mechanisms are unclear, prenatal
exercise has been shown to reduce the odds of developing HDP by 40%.%® As such, exercise
interventions that produce advantageous cardiac (improved systolic, diastolic, left ventricular
remodelling and myocardial mechanics) and vascular (peripheral vascular resistance)
adaptations, which ultimately reduces blood pressure should be regarded as viable
interventions for the management and/or prevention of HDP and not limited to traditional
aerobic training interventions. Physiological interventions may reduce the requirement for
pharmacological management strategies and therefore reduce any unfavourable medical side
effects. As such, future prospective research is required to ascertain if GLS has a role in
highlighting women who present the greatest risk of persistent cardiac dysfunction and/or

hypertension, as well as the role of exercise training during and following HDP.

Limitations

We found significant heterogeneity for both primary outcomes. Attributing this variance to
methodological differences, our meta-regression accounted for control group blood pressure,
BMI, gestational age, strain software, and mother age, with BMI being the only moderator to
explain any of the observed variance to statistical significance (R? 0.46, p=0.029). Previous
research has demonstrated that a higher BMI is associated with worse GLS.*” The mechanisms
underlying obesity associated cardiac dysfunction are likely multifaceted; however, circulating
adipose derived hormones, such as leptin, may influence both diastolic function and systolic
mechanics.>”*® Nonetheless, random-effects models were applied to account for such

heterogeneity. In addition, only three of the analysed studies were classified as high quality



(NOS of 8 or 9) and thus study quality sensitivity analysis could not be performed, suggesting
the need for future publications of greater methodological rigour. The HDP cohorts of two
studies in the present analysis***° did not exclude women with chronic hypertension, resulting

in an overlap of participants with gestational hypertension and chronic hypertension.

Perspectives

GLS is significantly impaired in women with HDP and combined with traditional echo
parameters may aid the antenatal and postnatal medical management. Longitudinal data
suggests HDP women have sustained markers of cardiac impairment, which suggests
additional clinical interventions are warranted. Lifestyle changes and exercise training,
including novel interventions, which have demonstrated improvements in cardiac and vascular

health through improved blood pressure regulation should be investigated.
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Novelty and Significance

What Is New?
This is the first meta-analysis, which pooled multiple study data to assess differences in global

longitudinal strain between women with and without hypertensive disorder of pregnancy.

What is Relevant?

Hypertensive disorders of pregnancy is associated with a clinically significant difference in
global longitudinal strain compared to normal pregnancy. The addition of global longitudinal
strain in the echocardiographic assessment may identify the most vulnerable patients and

provide an opportunity to improve both maternal and fetal outcomes.

Summary

Global longitudinal strain is significantly impaired in women with hypertensive disorders of
pregnancy and combined with traditional echo parameters may aid the antenatal and postnatal
medical management. Echocardiography should be considered as a screening tool in women
with hypertensive disorders of pregnancy to enable early cardiovascular risk prevention

through national initiatives.



Figure legends

Figure 1. PRISMA systematic review and meta-analysis flowchart.

Figure 2: Random-effects meta-analysis of the weighted mean difference in GLS between HDP

and control.

Figure 3: Random-effects meta-analysis of the weighted mean difference in GLS between PE

and control.



Table 1. Characteristics of included studies

+ +
Authors Country Study Exclusion criteria Software | NOS Group N° GLSSD Mean GA<SD
(year) type (%) (weeks)
. Case- | Ejection fraction <55%, poor quality HDP 30 -18+3 32
Ajmi et .. . .. .
al. (2018) Tunisia | contro pictures, pre-existing cardiac, NR 7
' 1 pulmonary, renal disease Control 30 -21%2 33
‘oo Pre-existing or gestational hypertension PE 30 21442 4 days
Ambrozi¢ . Case- and/or diabetes mellitus, congenital or GE postpartum
et al. Slovenia | contro ; . i 7
(2020) : acquired heart disease or a history of | EchoPac 4 days
smoking, alcohol or drug abuse Control 30 -23+1.4 postpartum
- - + +
Buddeber Case Any cardiovascular co-morbidity, GE PE 30 13.32+£2.37 38.26+1.54
getal. UK contro . . 5
(2018) : multiple gestations EchoPac Control 40 | -17.61£1.89 |  39.31£1.02
Pre-existing diabetes mellitus, essential GH 106 -17.6£2.95 33.343.6
Case- . .
Cho et al. South hypertension or symptomatic coronary GE
contro 4
(2011) Korea | artery EchoPac Control 93 -21.242.14 3.63.4
disease
EOPE 43 -15.74+3.19 28.94+2.71
Cone et Case- GE
£ China contro NR EchoPac 7 Control 41 -19.74£2.39 28.2+2.93
al. (2015)
1 (3D STE)
LOPE 41 -15.4142.7 36.43+1.29




Control 40 -18.28+3.14 36.39+1.29
. Case- Pre-existing cardiovascular disease, PE 29 -12.94+3 4 31.3£3.9
Levine et . . .
L (201 USA contro chronic hypertension or multiple TomTec
al. (2019) : gestations Control 29 | -15.06+3.1 31.743.61
Low imaging quality, high blood
pressure, pre-existing diabetes, and PE 60 _18.6942 28 33443 54
other abnormal findings such as 1) ' ' T
abnormal dilation in at least one of the
Mostafavi Case- | 4 cardiac chambers; 2) ejection fraction .
. i . } Philips
et al. Iran contro | <55%, 3) right ventricular dilatation or Epic 7
(2019) 1 hypokinesia, 4) moderate or worse P
valvular disorders, 4) pericardial Control 40 -19.39+3 .49 32.2544.65
effusion, 5) uncorrected cognitive state,
6) congenital heart disease, and 6)
diastolic disturbances
- -15.8+ +
Pan et al. . Case Pre-existing co-morbidities, smoking, GE PE 33 15.8£3.2 3475
China contro Itin] . h
(2019) 1 multiple gestations EchoPac Control 20 -16.8+3 34.743 .4
Case- Pre-existing hypertension or cardiac PE 55 -1842.6 3344
Paudel et disease, gestational diabetes, renal or QLAB
al. (2020) Turkey | contro hepatic disease, multiple gestations Philips
' 1 S ’ Control 35 19.842.1 3443
alcohol or cigarette users
e . PE 62 -18.9+3.3 32.8+£3.7
Shahul et Case- | Pre-existing ischemic or valvular heart
al. (2016) USA contro | disease, pulmonary disease, diabetes Tomtec GH or CHT 40 -21.243.6 34.4+5.2
’ 1 mellitus, or labor.
Control 105 -23.942.7 30.744.3




. . . PE 11 -13.7+4.6 36.6+3.34
Shahul et Case- Pre-existing cardiovascular disease,
al. (2012) USA contro pulmonary disease, and diabetes TomTec GH or CHT 11 -15.9£1.33 36.44+3.48
’ 1 mellitus
Control 17 -20.1+3.48 38+2.97
Pre-existing chronic hypertension,
. . . PE 132 -19.15+£2.65 30.64+4.92
multiple gestations, heart disease,
Case- | pulmonary hypertension, renal disease,
Sun et al. . . )
(2020) China | contro diabetes, systemic lupus Tomtec
I | erythematosus, any connective tissue Control 87 | -21.09:274 |  31.87:3.62
disease, antiphospholipid syndrome,
indeterminate diastolic function
Pre-existing valvular or congenital
heart disease, cardiomyopathy, PE 63 -19.1=1.5 33.1£3.6
pulmonary hypertension, prior cardiac
Vaught et Case- surgery, pulmonary embolism, '
al. (2018) USA contro systemic lupus erythematosus, any Epsilon
' 1 connective tissue disease,
. . Control 36 -20.1£1.5 31.8+4.9
antiphospholipid syndrome, or
interstitial lung disease, multiple
gestations
. . . PE 25 -13.7£3.1 32+6
Yu et al Case- Gestational diabetes, or pre-existing
(2018) ' China contro | hypertension or cardiovascular disease, VVI GH 27 -17.4+£3.31 3443
1 multiple gestations
Control 30 -21.9+3.88 33+4
Zamen et India GA less than 34 weeks, cardiac disease QLAB PE 30 -15.63+1.69 3542 8
al. (2018) (e.g., structural heart disease coronary | Thilips




Case-

contro
1

heart disease, cardiomyopathies, etc.),
chronic or gestational hypertension,
renal impairment, multiple gestations,
Diabetes mellitus, Obesity, Moderate
to severe anemia.

Control

30

-20.86+1.52

35+1.1




