Volume - 13 | Issue - 10 | October - 2023 | PRINT ISSN No. 2249 - 555X | DOI : 10.36106/ijar

( Original Research Paper )

Cardiovascular

Y
J

EVALUATION OF ASCENDING AORTA ELASTICITY PROPERTIES AND
LEFT ATRIAL VOLUME INDEXES IN PREECLAMPSIA PATIENTS

Veysel Tosun*

M.D, Department of Cardiology, Sanlurfa Education and Research Hospital, Sanliurfa,
Turkey. *Corresponding Author

Selcuk Opan Turkey,

M.D, Department of Cardiology, Sanlurfa Education and Research Hospital, Sanliurfa,

Nazan Vanh
Tonyah

M.D, Department of Perinatology, Ankara Etlik City Hospital, Ankara, Turkey.

' ABSTRACT ’ Preeclampsia (PE) is associated with long term cardiovascular function impairments in women. The aim of the study was

to evaluate the left atrial volume (LAV) indexes and ascending aortic stiffness parameters in PE patients, and we aimed to
evaluate any association between these two parameters. A total of 50 PE patients and 39 healthy pregnant controls (HP) were enrolled in this
single-center, prospective, cross-sectional study. Aorta (Ao) diameters, Ao compliance, Ao M-Mode strain, Ao distensibility, Ao stiffness index,
and Peterson's elastic modulus (Pa) parameters were measured and calculated besides LAV indexes. AoD, AoS, and Ao strain were significantly
higher in PE group (p<0.05 for all), while the Ao stiffness index was lower (p:0.009). LVMI, mitral E, mitral A, mitral E/Em, deceleration time,
and myocardial performance index were significantly higher in the PE group (p<0.05 for all). LA maximum LAV index (LAVImax), minimum
LAV index (LAVImin), and presystolic LAV index (LAVIp) were higher in the PE group compared with the HP group (p<0.001 for all). Ao Strain
value was positively correlated with LAVImax (r:0.254, p:0.016), LAVImin (1:0.385, p:0.001), and LAVIp (1:0.265, p:0.011). Aortic strain, aortic
stiffness index, and LAV indexes were impaired in hospitalized PE patients. There was an association between the Ao strain, Ao stiffness index,

and LAV indexes.
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INTRODUCTION

Preeclampsia (PE) is a multisystem disorder of pregnancy that affects
2-8% of pregnancies [1]. The diagnostic criteria for PE are the
presence of new onset and persistent hypertension, together with
significant proteinuria or fetal growth restriction after 20 weeks of
gestation. It is an important cause of preterm birth, with associated
long term consequences for infants and children. It is also associated
with long term cardiovascular function impairments in women.
Women with PE are at significant risk of chronic hypertension, stroke,
and cardiac failure [2].

It was shown in previous studies pregnant patients with PE had a high
cardiac output [3]. These changes occurred before the onset of
hypertension and persisted in the postnatal period even once
hypertension was controlled. It has been shown in later studies that
cardiac output decreases and peripheral resistance increases when the
clinical syndrome develops in women whose cardiac output was
significantly increased during pregnancy due to PE [4].

Many parameters, such as pulse wave velocity and carotid intima
media thickness, are used in the measurement of arterial stiffness and
in the evaluation of cardiovascular diseases [5-8]. The elastic
properties of the ascending aorta, which evaluate the stiffness of the
ascending aorta, have also recently been studied in PE patients [9-13].
In previous studies such as these, patients with previous PE or a history
of PE were included [9-12]. There are no data in the literature about
morphological and functional alterations of the ascending aorta
evaluated via aortic elastic parameters in hospitalized active PE
patients. In our study, we intended to detect whether left atrial volume
indexes and ascending aortic stiffness parameters were impaired in
new onset PE patients without any cardiovascular risk factors.
Additionally, we aimed to evaluate any association between left atrial
volume indexes and ascending aortic stiffness parameters.

MATERIALSAND METHODS

Study Population

A total of 50 consecutive PE patients who were followed up in the
obstetrics and gynecology clinic and intensive care unit and 39 healthy
pregnant controls who were routinely recruited from the antenatal
clinic were enrolled in this single-center, prospective, cross-sectional
study between December 2021 and December 2022. All pregnant
women were healthy and without a family history of premature heart
disease. They had no any complicated pregnancies before.

Patients who met the diagnostic criteria of preeclampsia defined by the
report of the National Collaborating Centre for Women's and

Children's Health, hypertension in pregnancy, and the National
Institute for Health and Clinical Excellence were enrolled in the study.
A patient is accepted as having PE if she has a blood pressure higher
than 140/90 mmHg on two consecutive measurements 4 hours apart, in
combination with significant proteinuria (>300 mg total protein in 24-
hour collected urine) developing after 20 weeks of gestation in
previously normotensive patients. Baseline demographic data were
obtained by an obstetrician during a clinical interview and laboratory
samples were extracted prior to the examination. All pregnant women
had no other risk factors for arterial stiffening including smoking, sleep
apnea, in vitro fertilization conception, diabetes mellitus,
hyperlipidemia and/or other cardiovascular diseases. Women with
gestational hypertension and chronic hypertension were excluded. The
study was designed and conducted with the approval of the local ethics
review commission and in accordance with the Declaration of
Helsinki. Informed consent forms were obtained from all patients
(Harran University Ethical Committee, date: 13.12.2021, number:
21.22.02).

Transthoracic Echocardiography

Echocardiography was performed at rest with the patient in the left
lateral decubitus position, with a VIVID S60 (General Electric,
Horton, Norway) with a 3 MHz transducer, by an experienced
cardiologist who was blinded to the clinical data. A one-lead
electrocardiogram was recorded continuously during the
echocardiographic examination. The thicknesses of the posterior wall
(PwD) and interventricular septum (IVS), LV end-diastolic diameter
(LVEDD), and LV systolic diameter (LVESD) were obtained using M-
mode. The LV ejection fraction (LVEF) was calculated using
Simpson's biplane method. The LV mass and LV mass index (LVMI)
were calculated. The velocities and systolic times of the mitral lateral,
mitral septal, and tricuspid lateral annular basal segments were
acquired using pulsed Doppler and tissue Doppler echocardiography
from the apical four-chamber view. LA volume (LAV) (mL/m2) was
measured using the biplane area-length method
[LAV=(0.85xA1xA2)/L formula] in the apical four- and two-chamber
view. The LA maximum (LAVmax), minimum (LAVmin), and
presystolic (LAVp) volumes were recorded and normalized for body
surface area to calculate LAV indexes (Fig 1B).

The elastic properties of the ascending aorta were calculated by
measuring the systolic and diastolic diameters of the aorta 3 cm above
the aortic valve in M-mode. Aortic systolic (AoS) was measured as the
highest diameter of the ascending aorta in systole, while AoD was
measured at the time corresponding to the peak of the QRS complex
(Fig 1A). Measurements were made by drawing a perpendicular line
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along the inner edges of anterior and posterior walls of the ascending
aorta. The gain level was adjusted so that the junction surface of the
endothelium and blood was best seen, and the average of the three
recorded values was taken. Aortic elastic parameters;

-Aortic compliance (cm/mmHg)=(AoS-AoD)/(SBP-DBP),

-Aortic M-Mode strain (%)= 100x([AoS-AoD]/AoD]),

-Aortic distensibility (10-7 Pa-1)= 2x(AoS-AoD)/AoDx(pulse
pressure),

-Aortic stiffness index=LN(SBP/DBP)/(Ao Strain),

-Peterson's elastic modulus (Pa)= AoDx(pulse pressure)/(AoS-AoD)
[14,15].

Fig 1. AoD and AoS measurements from parasternal long axis view
(A)and LAV calculation from apical 4-chamber view (B).

Abbreviations: AoS: aortic systolic diameter; AoD: aortic diastolic
diameter; LA: left atrium; LV: left ventricle; RA: right atrium; RV:
right ventricle

* Informed consent was obtained from the 32nd patient for sharing
picture.

Statistical Analysis

The SPSS for Windows software package (ver. 20.0; SPSS Inc.,
Chicago, IL, USA) was used for the statistical analysis. Categorical
variables are presented as counts and percentages. Continuous
variables were evaluated for normal distribution by using the
Kolmogorov-Smirnov test and presented as mean+standard deviation
or median with interquartile range. To assess the differentiation
between the groups, Students't-test was used for normally distributed
variables. The Pearson correlation test was used for correlation
analysis between Ao strain, left atrial volume indexes, and other
variables. A p-value less than 0.5 was considered statistically
significant.

RESULTS

Actotal of 51 preeclampsia patients (PE group) and 39 healthy pregnant
controls (HP group) were enrolled in the study. At the examination of
all pregnant women, the mean gestational age was 35.1£3.3 weeks in
the PE group, and 36.9+3.1 weeks in the HP group (p:0.284).
Significant proteinuria (>300 mg/24-hour urine collection) was
observed in hypertensive pregnant preeclampsia patients. No
significant proteinuria was found in the HP group. Maternal age,
number of gestations, and body surface area were similar between
study groups. Blood pressure, heart rate, and pulse pressure were
significantly higher in the PE group compared with the HP group. The
baseline demographic, clinical, and laboratory characteristics of the
patient and control groups are summarized in Table 1.

When analyzing ascending aorta diameters and measured parameters,
AoD, AoS, and Ao strain were significantly higher in the PE group
(p<0.05 for all), while the Ao stiffness index was lower (p:0.009).
There was no significant difference between the groups in terms of Ao
compliance, Ao distensibility, or elastic modulus. LVESD,

interventricular septum and posterior wall thickness were higher in the
PE group (p<0.05 for all). LVMI, mitral E, mitral A, mitral E/Em,
deceleration time, and myocardial performance index were
significantly higher in the PE group (p<0.05 for all) (Table 2).

According to the 2D and tissue Doppler echocardiographic evaluation,
the mitral lateral Em value was lower in the PE group (p:0.006), while
there were no significant differences between the groups in terms of
other LV filling parameters. The PE group showed higher values of the
LA maximum LAV index (LAVImax), minimum LAV index
(LAVImin), and presystolic LAV index (LAVIp) compared with the
HP group (p<0.001 for all) (Table 3).

Ascending Ao Strain value was positively correlated with LAVImax
(1:0.254, p:0.016), LAVImin (r:0.385, p:0.001), and LAVIp (r:0.265,
p:0.011) (Fig 2). Other positively and negatively correlated parameters
are presented in Table 4.

Fig 2. Pearson's Correlation Analyses Between AO Strain And Other
Parameters

Abbreviations: Ao: aorta; LAVI: left atrial volume index

DISCUSSION

The main findings of our study can be summarized in a few sentences.
A greater increase in ascending Ao diameters was observed in pregnant
women with PE compared with HP controls. Ao strain and Ao stiffness
index values were significantly impaired in the PE patients. Moreover,
the PE group showed a significant impairment in the LAV indexes
compared with the HP group. LVMI and LV wall thickness were
increased in the PE group. Mitral E, mitral A, mitral E/Em,
deceleration time, and myocardial performance index were
significantly higher in the PE group. Additionally, the ascending Ao
strain value was positively correlated with LAV indexes.

A pregnancy-specific disorder PE is one of the major causes of
maternal and perinatal morbidity and mortality [16]. Uteroplacental
blood flow alterations due to defective thromboplastic invasion and
maternal inflammatory activation lead to vascular endothelial
dysfunction in PE pathogenesis [17]. An impaired release of vascular
endothelial factors causes an increase in small arterial resistance and
impairs vascular smooth muscular relaxation, contributing to large
artery stiffening [18-21]. Recent studies have shown a relationship
between PE and cardiovascular events [22, 23]. Moreover, a study
showed that the risk of death due to cardiovascular diseases was 6-8
times higher in those with PE and preterm birth compared to
normotensives [22].

Cardiac output is increased during pregnancy. Compared to
normotensive pregnant women, this increase may be more pronounced
in PE patients, and as a result, there may be an increase in arterial
stiffness parameters. A number of cardiac changes, such as abnormal
systolic function, increased systemic vascular resistance, impaired
diastolic functions, and LV global hypertrophy in PE patients, were
demonstrated with echocardiography [24-27]. Similar to these
previous studies and supporting these echocardiographic alterations,
LVMI, mitral E, mitral A, mitral E/Em, deceleration time, and
myocardial performance index were significantly higher in the PE
group in our study. Recent studies evaluating LAV and LAVI found
that patients with an increased LAV have a greater risk of
cardiovascular disease than do patients with normal values [28].
Therefore, we aimed to investigate LAV in patients with PE. It is
expected that there will be an increase in LAVI due to the natural
effects of pregnancy in both groups. In a previous study, LAVI was
higher in hypertensive pregnancy diseases [29]. In our study, there was
a significant increase in LAVI in PE patients compared to healthy
pregnant women, too. All these findings support the idea that LA
functions may be impaired at a higher rate in patients with PE.

Arterial stiffness measurements and ascending aorta elastic properties
have recently been studied in PE patients [5, 7-13]. In a study, Orabona
etal. [11] showed that Ao compliance was found to be lowest in early-
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onset PE (EOPE) patients and highest in late-onset PE (LOPE) patients
compared to healthy controls. M-Mode Ao strain was found to be
similar in healthy controls and LOPE patients and it was found to be
lower in EOPE patients in this study [11]. In another study by Ciftci et
al. [10], Ao strain was found to be lower in patients who had PE
previously, compared to healthy controls. In the study of Orabona et al.
[11], Ao distensibility was detected lowest in EOPE patients, and
highest in LOPE patients; Ao stiffness index and Peterson's elastic
modulus were highest in EOPE patients, and lowest in LOPE patients
compared to healthy controls. In the study of Ciftci et al. [10], Ao
distensibility was found to be lower, Ao stiffness index and Peterson's
elastic modulus were higher in patients who had PE previously. Sciatti
et al. [12], on the other hand, investigated the same aortic elastic
parameters in Hemolysis, elevated liver enzymes, and low platelets
(HEELP) syndrome patients and obtained findings similar to those of
Orabona et al. In our study, Ao strain was higher and the Ao stiffness
index was lower in PE group. Ao compliance, Ao distensibility, and
elastic modulus did not differ between groups. But, in these studies,
patients with previous PE or a history of PE were included.
Additionally, the patients in the control group consisted of healthy
individuals. Our study consisted of patients with new onset PE patients
and healthy pregnant women at similar weeks.

In the correlation analyzes, we found that the parameters of LAVI max,
LAVImin, LAV p, hemoglobin, and leucocyte were correlated with Ao
strain. Also, Ao distensibility, Ao compliance, Ao stiffness index, and
elastic modulus were correlated with Ao strain. This may indicate a
relationship between ascending Ao elastic properties and LAV
indexes. Further studies are needed on this subject.

Limitations

Our study has some limitations. Firstly, our study was single-centre
and the number of cases was relatively small. Secondly, prenatal
maternal hemodynamic status and postnatal follow-up the patients
were not available, so it could not be excluded whether aortic elastic
parameters were previously impaired. Finally, we only got the
measurements from the ascending aorta. Measuring from different
levels of the aorta could provide more precise information.

CONCLUSION

Aortic strain, aortic stiffness index, and LAV indexes were impaired in
new onset hospitalized active preeclampsia patients. This study
implies a close association between Ao strain, Ao stiffness index, and
LAV indexes. Further studies with larger populations and subgroups
classified according to the hemodynamic patterns in PE.

Competing Interest
The authors have no relevant financial or non-financial interests to disclose.

Abbreviations: BMI: body mass index; BSA: body surface area; SBP:
systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate;
PP: pulse pressure; Hgb: haemoglobin; ALT: alanine transaminase;
AST: aspartate transaminase

Bold fonts indicate a P value lesser than 0.05

Table-2: Echocardiography Findings Of The Preeclampsia And

Normal Groups.
Variables Preeclampsia |Healthy P

group (n:51) |pregnant

group (n:39)

AoDD (cm) 2.57+0.28 2.46+0.15 0.018
AoSD (cm) 2.89+0.29 2.69+0.14 <0.001
Ao Compliance 0.06+0.02 0.05+0.02 0.052
(cm/mmHg)
Ao Strain (M-Mode, %) [10.95+4.47 8.42+3.85 0.005
Ao Distensibility (10" Pa') [496.77+250.13[418.60+263.46 |0.158
Ao Stiffness Index 2.68+0.58 2.99+0.51 0.009
Peterson's Elastic modulus|59.6+28.2 63.4+34.5 0.678
(Ep)
LA (mm) 33.9+2.6 33.0+3.3 0.205
LVEDD (mm) 46.94+4.1 45.8+4.4 0.198
LVESD (mm) 29.5+3.7 27.5+3.6 0.013
LVEF (%) 65.3+4.6 67.6+5.4 0.324
IVS (mm) 11.8+1.6 9.7+1.2 0.004
PwD (mm) 11.5+1.4 9.3+1.2 0.002
SV (mL) 70.9+15.3 68.8+15.3 0.515
FS (%) 37.845.6 40.3£5.3 0.522
LV mass index (g/m’) 138.8+29.8 100.9£19.7 0.040
Mitral E (m/s) 1.1+0.3 0.8+0.1 <0.001
Mitral A (m/s) 0.81+0.2 0.62+0.1 <0.001
Mitral E/A 1.33+0.3 1.3040.3 0.615
Mitral E/Em 9.2+7.7 5.6+1.3 <0.001
DT (ms) 205.8+38.0 151.4+42.7 <0.001
MPI (%) 0.64+0.14 0.52+0.07 <0.001
Abbreviations:

AoDD: ascending aorta diastolic diameter; AoSD: ascending aorta
systolic diameter; LA: left atrium; LVEDD: left ventricular end-
diastolic diameter; LVESD: left ventricular end systolic diameter;
LVEF: left ventricular ejection fraction; IVS: interventricular septum;
PwD: posterior wall; SV: Stroke volume; FS; fractional shortening;
mitral E: early diastolic mitral flow velocities; mitral A: late diastolic
mitral flow velocities; DT: mitral deceleration time; MPI: myocardial
performance index Bold fonts indicate a P value lesser than 0.05

Table-3: Left Atrial 2D Tissue Doppler Findings And LA Volume

Acknowledgements Indexes Of The Preeclampsia And Normal Groups.
The authors wish to acknowledge the midwives and nurses in the Variables Preeclampsia group |Healthy pregnant |p
gynaecology clinic and intensive care unit. (n:51) group (n:39)
LAT Em (m/s) [0.13+0.07 0.17+0.04 0.006
Table-1: De{nographic, Clinical, And Laboratory Findings Of The LAT Am (m/s) |0.12+0.01 0.1120.03 0371
Preeclampsia And Normal Groups. LATS (m/s) _ |0.1220.03 0.16£0.02 0.144
Variables Preeclampsia | Healthy pregnant|p SEP Em (m/s) [0.130.01 0.1240.02 0.556
group (n:51) |group (n:39) SEP Am (m/s) [0.10+0.02 0.09:£0.02 0.090
Age (years) 29.04+3.75  |28.03+3.57 0.197 SEP S (m/s) 0.10£0.02 0.11+0.02 0.076
Gestational age (weeks) [35.1£3.3 36.9+3.1 0.284 LAVI max 22.945.1 18.244.9 <0.001
Number of gestations (n)|2.3+1.8 3.242.1 0.373 (cm’/mL)
BMI (kg/m’) 26.95+3.54  [28.4743.13 0.234 LAVI min 9.243.1 6.542.1 <0.001
BSA (m’) 1.85+0.18 1.82+0.20 0.382 (cm’/mL)
SBP (mmHg) 138.56+13.20 |117.06+7.75 0.038 LAVIp 14.3+4.0 11.1£2.9 <0.001
DBP (mmHg) 85.6247.89  |70.64+6.89 <0.001 (cm’/mL)
HR (beats/min) 89.43+12.16 |76.08+10.2 <0.001 Abbreviations: LAT Em: mitral lateral ¢; LAT Am: mitral lateral a;
PP (mmHg) 52.9449 .42 46.41+5.49 20.001 LATS: mltra_l lateral s; SEP Em: mitral septal & SEP Ar‘q: mitral septal
Heb (g/dL) 1341131 1439<1.48 0.981 a; SE¥J S: mltrgl ?.eptal S; LAVI max: Left atrium max1'mum Vol.ume
Platclets (per L) 244960.73558 |247846.15:60736.10 822 1nd@(, LAVI min: Left atr}um minimum volume index; LAVI p: left
910.91 74 atrium pres'ystpllc volume index
- Bold fonts indicate a P value lesser than 0.05
Neutrophil (per pL) 4193.72+1066.|14283.33+1177.11 |0.710
57 Table-4: Pearson's Correlation Analyses Between Ao Strain And
Lymphocyte (per pL)  [2109.02+598.56/2181.79+683.68 |0.599 Other Parameters.
Creatinine (mg/dL) 0.76+0.14 0.72+0.14 0.782 'Variables r
24-hours proteinuria (g) [0.50+0.01 0.03+0.01 <0.001 Ao Compliance 934 0.001
ALT (U/L) 21.7549.23 20.7149.34 0.689 |Ao Distensibility .930 0.001
AST (U/L) 21.43+5.62  |21.02+5.79 0.675 |Ao Stiffness Index 0.968 0.001
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IPeterson's Elastic modulus  [0.770 0.001
ILAVI max 0.254 0.016
ILAVI min 0.385 0.001
LAVIp 0.265 0.011
IHgb -0.254 .016
ILeukocyte -0.213 .044

Abbreviations: Ao: aorta; LAVI max: Left atrium maximum volume
index; LAVI min: Left atrium minimum volume index; LAVI p: left
atrium presystolic volume index, Hgb: haemoglobin

Bold fonts indicate a P value lesser than 0.05
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