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This study aimed to investigate the value of tissue doppler imaging (TDI) and 4D myocardial strain
parameters in evaluating left heart function of pregnant women with hypertension and the association
between these parameters and relevant factors. Forty-five pregnant women with hypertensive
disorder, including 20 with hypertension, 15 with mild preeclampsia, and 10 with severe preeclampsia,
were recruited, and their cardiac functions were compared with those of 30 healthy pregnant women
as controls. High Left ventricular end-systolic volume (LVESV), Left atrial volume index (LAVI), E/e
were observed in hypertensive disorder, while Mitral peak diastolic velocity(E), Early diastolic peak
velocity(e), E/A, Left ventricularglobal longitudinal strain (LVGLS), Left ventricularglobal area strain
(LVGAS), and Left atrialglobal longitudinal strain (LAGLS) were decreased; for pre-eclampsia, Left
ventricular end-systolic diameter (LVESD), Left atrial anteroposterior diameter (LAD-ap), LVESV,

LAVI were significantly increased, LVGLS, LAGLS were significantly decreased, Left ventricular end-
diastolic diameter (LVEDD), Left ventricular end-diastolic volume (LVEDV), A peak, E/e were increased,
while E peak, E/A, e, Left ventricle global radial strain (LVGRS), Left ventricle global circumferential
strain (LVGCS), LVGAS were decreased but not significantly; for severe preeclampsia, Left ventricular
end diastolic diameter (LVEDD), LVESD, LAD-ap, Left ventricular end-diastolic volume (LVEDV),
LVESV, LAV, A, and E/e were significantly increased, while LVGLS, LVGRS, LVGCS, LVGAS, LAGLS, E
peak, E/A, and e were significantly reduced. TDI combined with 4D myocardial strain parameters can
detect early changes in cardiac function of hypertensive disorders in pregnancy, with LVGLS, LVGAS,
and LAGLS being the most sensitive indicators for early changes. Such findings provide a basis for
effective clinical treatment of these symptoms.

Hypertensive disorders in pregnancy (HDP) is a general term for a group of medical disorders clinically char-
acterized into five diagnosable conditions, namely gestational hypertension, preeclampsia, eclampsia, chronic
hypertension complicated by preeclampsia and combined chronic hypertension in pregnancy, with the two most
frequently seen types being gestational hypertension and preeclampsia'~. In normal pregnancies, the effective
circulating blood volume increases, leading to an increase in the cardiac workload. If sustained hypertension
persists during gestation, this could lead to a decrease in cardiac pump function. The heart and kidneys are
known to interact and are interdependent organs whereby damage to either can lead to the other’s functional
abnormalities*®. Conventional evaluation techniques such as electrocardiography (ECG) and two-dimensional
echocardiography (2D-echo) are often used clinically to evaluate cardiac function; however, such methods are
imprecise at detecting cardiac abnormalities at an early stage and thus may result in delaying diagnosis of the
condition and subsequently resulting in irrevocable damage. To address this limitation, various ultrasound
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techniques have been introduced recently, most notably M-mode echocardiography, tissue Doppler imaging
(TDI) technology, two-dimensional speckle tracking imaging (2D-STE), three-dimensional speckle tracking
imaging (3D-STI), and the most recent method, four-dimensional speckle tracking imaging (4D-STT)-1°. Unlike
conventional methods which assume left ventricular (LV) geometry, 4D-STI technology can rapidly track echo-
genic speckles in three-dimensional space and thus provide more precise and reproducible measurements of
myocardial motion function and three-dimensional shape of the heart without any LV geometrical assumptions.
Consequently, 4D-STT can help identify cardiac abnormalities at an early stage and facilitate a timely response
to any clinical deterioration. In this study, we investigated the value of TDI and 4D myocardial strain param-
eters in evaluating left heart function of pregnant women with hypertension and the association between these
parameters and relevant factors, in order to provide a basis for effective clinical treatment of these symptoms.

Materials and methods

General information

Forty-five patients, including 20 patients with gestational hypertension and 25 patients with preeclamp-
sia, aged 20-35 years, mean age 26.60 +2.40 years, gestational weeks 20-40 weeks, mean gestational weeks
34.31+3.20 weeks, were selected and diagnosed with hypertensive disorders in pregnancy in Our institute
between March 2021 and October 2022. The criteria for diagnosing hypertensive disorders in pregnancy were in
accordance with the diagnostic criteria of the eighth edition of the national undergraduate textbook of medical
higher education, Obstetrics and Gynecology!''~!*. Ethical approvals were obtained from Ethics Committee of the
Affiliated Hospital of Weifang Medical College (No.KY-2021-M14). Among them, the severity of preeclampsia
was referred to the American College of Obstetricians and Gynecologists, which established the index of hyper-
tensive disorders in pregnancy (2013 edition). In addition to meeting the above conditions, the following special
conditions should be excluded: (1) primary hypertension, that is, hypertension that occurred before pregnancy
or before 20 weeks of gestation; (2) pregnant women except for congenital heart disease, various types of cardio-
myopathy, various valve diseases, various arrhythmias and other cardiac diseases; (3) pregnant women except
for some endocrine diseases; (4) pregnant women except for some primary liver and kidney insufficiency; (5)
Some special patients whose body size is too obese to be shown by transthoracic ultrasound. Inform the patient
beforehand and obtain the patient’s informed consent.

Meanwhile, 30 healthy pregnant women, aged 20-35 years, mean age 27.33+1.71 years, gestational weeks
20-40 weeks, mean gestational weeks 34.80 +2.94 weeks, were selected as the control group. The healthy control
group underwent a series of cardiac examinations to ensure that no signs of hypertensive disorders in pregnancy
were present throughout pregnancy.

Apparatus and operation method

A GE Vivid E95 color Doppler diagnostic echocardiograph from GE, USA was used, with a 2D M5S-D cardiac
probe and a 4D 4 V cardiac probe at 3.5 MHz, equipped with a 4D imaging software package and the offline
quantitative analysis software Echo PAC. Two-dimensional echocardiography was performed at a frame rate
of >28 fps. LVEDD, LVESD, Ieft ventricular septal thickness (IVST), Left ventricular posterior wall thickness
(PWT), Left ventricular ejection fraction (LVEF), Left atrial end-systolic anteroposterior diameter (LAD-ap), E,
Late diastolic peak velocity (A), and E/A were measured. The TDI technique was used to measured and record e at
the septum of the mitral annulus and E/e at the septum of the mitral annulus. Using a 4-dimensional 4 V cardiac
probe, 4-dimensional imaging was performed after the subject’s heart rhythm was stabilized. A two-dimensional
standard four-chamber cardiac view is selected, with the entire myocardium included, and then the 4 V-D but-
ton is clicked to select 4-6 cardiac cycles at a frame rate greater than 40% of the heart rate, and the subject is
asked to hold his or her breath for 10 s. The stored data is imported into Echo PAC software for offline analysis.

Statistical methods

The data were analyzed using SPSS V22.0 statistical software, and the measurement data were shown as
mean + standard deviation. one-way ANOVA was used for comparison between multiple groups, independent
sample f test was used for two-way comparison between groups, and Pearson method was used for correlation
factor analysis. P <0.05 was considered statistically significant difference.

Ethics approval and consent to participate

Written informed consent was obtained from all patients recruited in this study. All methods were carried out
in accordance with Declaration of Helsinki and Good Clinical Practice (GCP) guidelines. Institutional Review
Board of the Affiliated Hospital of Weifang Medical University have approved the study protocol (Ethics Num-
ber: KY-2021-M14).

Results

Observation of parameters in these four groups of subjects under 2D conventional
echocardiography

Compared with the control group, the E peak and E/A of pregnant women with gestational hypertension were
lower than those of the control group, and the difference was statistically significant (P <0.05); LVEDD, LVESD,
IVST, PWT, LAD-ap, and A peak did not change significantly, and the difference was not statistically significant
(P>0.05); LVESD and LAD-ap of pregnant women with pre-eclampsia (mild) were significantly higher than
those of the control group, and the difference was statistically significant (P <0.01). LVESD and LAD-ap were
significantly higher than those in the control group, and the difference was statistically significant (P <0.01),
LVEDD was higher than that in the control group, peak E and E/A were lower than those in the control group,
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peak A was higher than that in the control group, and the difference was statistically significant (P <0.05), and
IVST and PWT had slight changes compared with those in the control group, but the difference was not statisti-
cally significant (P >0.05); LVEDD, LVESD, LAD-ap, and LAD-ap in pregnant women with preeclampsia (severe)
were not statistically significant (P> 0.05), LVESD and LAD-ap were significantly higher than those in the control
group, and the difference was statistically significant (P <0.01), the E peak and E/A were significantly lower than
those in the control group, the A peak was significantly higher than those in the control group, and the difference
was statistically significant (P <0.01), and the IVST and PWT were slightly increased than those in the control
group, but the difference was not statistically significant (P >0.05) (See Tables 1 and 2).

Observation of parameters in these four groups of subjects under TDI technique
echocardiography

Compared with the control group: E/e was elevated in pregnant women with gestational hypertension compared
with the control group, and e was decreased compared with the control group, and the difference was statistically
significant (P <0.05); e was decreased in pregnant women with pre-eclampsia (mild) compared with the control
group, and E/e was increased compared with the control group, and the difference was statistically significant
(P<0.05); e was significantly decreased in pregnant women with pre-eclampsia (severe) compared with the
control group, and E/e was significantly increased compared with the control group, and the difference was
statistically significant (P <0.01) (Table 3).

Observation of parameters in these four groups of subjects under 4-dimensional speckle
tracking imaging echocardiography

In comparison with the control group, LVESV and LAVT were higher, LVGLS, LVGAS and LAGLS were lower
in pregnant women with gestational hypertension compared with the control group, and the difference was
statistically significant (P <0.05). Although LVGRS and LVGCS had slight changes compared with the control
group, However, there was no statistical significance (P >0.05), and LVEDV and LVEF had no significant changes
compared with the control group (P>0.05). LVESV and LAVI in pregnant women with preeclampsia (mild)
were significantly higher than those in the control group, LVGLS and LAGLS were significantly lower than those
in the control group, the difference was statistically significant (P <0.01), LVEDV was higher than that in the
control group, LVGRS, LVGCS and LVGAS were all lower than those in the control group. The difference was
statistically significant (P <0.05), although LVEF was slightly changed compared with the control group, the dif-
ference was not statistically significant (P>0.05); LVEDV, LVESV and LAVI in preeclampsia (severe) pregnant

Projects Number of cases (pcs) | LVEDD (mm) | LVESD (mm) | IVST (cm) | PWT (cm)
Control group 30 42.8+1.7 25.0%2.7 0.8+0.1 0.8+0.2
Hypertension during pregnancy | 20 43.1+2.6 26.5+2.5 09+0.2 1.0+0.1
Pre-eclampsia (mild) 15 44.3+1.6* 30.0+3.3** 1.0+0.2 1.1+0.1
Pre-eclampsia (severe) 10 48.0+2.8%* 30.8 £3.5%* 1.1+£0.3 1.2+0.2

Table 1. Comparison of parameters under 2D conventional echocardiography in four groups of subjects
(mean number + standard deviation). Compared with control group *P <0.05; **P <0.01.

Projects Number of cases (pcs) | LAD-ap (mm) | E peak (cm/s) | A-peak (cm/s) | E/A
Control group 30 27.0£2.2 90.0+£9.8 70.0£5.0 1.3+0.1
Hypertension during pregnancy 20 28.5+2.1 79.7+5.2% 73.5+5.1 1.1£0.2*
Pre-eclampsia (mild) 15 30.2+2.1%* 79.3+4.5% 75.9+4.8* 1.1+£0.2*
Pre-eclampsia (severe) 10 33.1+£1.4% 77.7 £1.6%* 78.2+3.3%F 0.9+0.1**

Table 2. Comparison of parameters under 2D conventional echocardiography in four groups of subjects
(mean number + standard deviation). Compared with control group *P <0.05, **P <0.01.

Projects Number of cases (pcs) e (cm/s) Ele
Control group 30 8.6+0.4 6.5+£0.8
Hypertension during pregnancy 20 8.1+£0.3* 7.2+0.6*
Pre-eclampsia (mild) 15 8.1+0.3% 7.3+0.7%
Pre-eclampsia (severe) 10 8.0+£0.2%% 7.5+0.6%*

Table 3. Comparison of parameters under TDI technique echocardiography in four groups of subjects (mean
number * standard deviation). Compared with control group *P <0.05, **P <0.01.
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women were significantly higher than those in the control group, while LVGLS, LVGRS, LVGCS, LVGAS and
LAGLS were significantly lower than those in the control group, and the difference was statistically significant
(P<0.01). Although LVEF showed a downward trend, However, the difference was not statistically significant
(P>0.05) (See Tables 4 and 5).

Discussion

Hypertensive disorders in pregnancy (HDP) are a serious threat to both maternal and fetal health. The rise in
prevalence of this disorder and associated health risks have made it one of the most common maternal disor-
ders in recent times'®. To uncover the underlying pathophysiology, conventional echocardiography has been
employed to detect morphological and functional changes in the myocardium'®-'8, Results from recent studies
have revealed that LVEDD, LVESD, and LAD-ap were significantly higher in pregnant women with moderate
to severe preeclampsia compared to controls. Furthermore, a state of low discharge and higher resistance, lead-
ing to an increase in myocardial fiber elongation and left atrial/ventricular internal diameter, was observed in
the HDP population. By contrast, patients with gestational hypertension did not demonstrate any statistically
significant changes in the inner diameter of the heart chambers, signifying that early HDP does not necessarily
result in an increase in the inner diameter of the heart chambers. Left atrial enlargement has been identified as
an early sign of HDP". These findings suggest that there is an urgent need for regular, sufficient screening of
pregnant women to identify those that may be at risk of developing HDP in order to ensure timely interventions
to improve patient outcomes.

The results of this study show that measurements can be made using conventional echocardiography and
tissue Doppler imaging (TDI) techniques, suggesting that short-term left ventricular (LV) pressure and volume
overload may also lead to diastolic dysfunction'***?!. Furthermore, 4-D speckle tracking (4D-ST) is an attractive
technique due to its lack of dependence on heart stereometry, cardiac cycle bias, and single-plane constraints
compared to 2-D ST. Moreover, supplementing this non-invasive technique with unique calculation of area strain
can help to detect earlier signs of myocardial morphological and functional changes®. Our results indicate that
LV global longitudinal strain (LVGLS), LV global radial strain (LVGRS), and LV global circumferential strain
(LVGCS) were reduced in pregnant women with gestational and pre-eclampsia (mild and severe) compared to a
control group, as were LV global area strain (LVGAS) and left atrial global longitudinal strain (LAGLS). Moreo-
ver, in both gestational and pre-eclampsia cohorts, a statistically significant reduction was found for LVGLS,
LVGRS, LVGCS, LVGAS, and LAGLS. This decrease in strain parameters may be attributed to the decrease of
myofilaments in cardiac myocytes, partial loss of myogenic fibronectin, ischemia, and hypoxia in hyperemesis
gravidarum, which leads to a relative increase in cardiac stiffness and hence, weakening of myocardial wall
motion and smaller amplitude of movements?**. Moreover, in earlier stages of hypertension, namely, gestational
hypertension, LVGLS, LVGAS and LAGLS were reduced compared to healthy controls®*>?. The left atrium, an
important indicator for cardiovascular prognosis, was also found to be enlarged and had decreased function with
lower LAGLS that decreased further for more severe hypertension cohorts. These findings suggest that changes
in systolic function and myocardial injury are occurring during the period of gestational hypertension®*-%.
4D-ST has enabled early detection of cardiac dysfunctions in hyperemesis and a more accurate non-invasive
assessment of cardiac damage before clinical symptoms manifest. This technique is important for identifying
and mitigating further cardiac complications.

Projects Number of cases (pcs) | LVEDV (ml) | LVESV (ml) | LAVI (ml/m?) | LVEF (%)
Control group 30 104.8+7.3 39.9+5.6 26.1£2.8 59.2+3.2
Hypertension during pregnancy | 20 106.8 +4.1 43.1+4.1* 27.9+2.3% 58.0+2.1
Pre-eclampsia (mild) 15 109.4+6.8* 44.5+4.6** 28.6+2.8%* 57.7+2.2
Pre-eclampsia (severe) 10 111+5.1%* 45.3+4.7%* 28.9+3.0%* 57.6+2.1

Table 4. Comparison of left ventricular parameters under 4-dimensional speckle tracking imaging
echocardiography in four groups of subjects (mean number * standard deviation). Compared with control
group*P <0.05, **P <0.01.

Projects Number of cases (pcs) | LVGLS (%) LVGRS (%) | LVGCS (%) |LVGAS (%) |LAGLS (%)
Control group 30 —-245%24 259+3.1 -235%1.6 242+2.7 -34.8%45
Hypertension during pregnancy | 20 —22.8+2.8% |244%22 -226*1.8 22.5+2.6% -31.5+£3.9%
Pre-eclampsia (mild) 15 —182+ 1.7 | 23.9+1.9* —22.5+1.3% | 22.3+2.1* —30.1£5.1%*
Pre-eclampsia (severe) 10 -16.3+1.9"* | 16.1£1.8** —15.7£2.0"* | 19.8£2.8** -25.6£2.9**

Table 5. Comparison of left ventricular parameters under 4-dimensional speckle tracking imaging
echocardiography in four groups of subjects (mean number + standard deviation). Compared with control
group *P <0.05, **P<0.01.
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In clinical practice, a careful integration and analysis of all parameters of echocardiography should be con-
ducted in patients with hyperemesis gravidarum in order to provide early and accurate assessment of cardiac
function. Early and rapid diagnosis is of paramount importance, as it can help clinicians to timely take relevant
treatment measures according to the severity of the condition and significantly improve the survival rate of both
pregnant women and perinatal infants.

Several limitations to this study need to be acknowledged. Most recent literature data suggest that both the
physiological rise in the diaphragm and a narrow antero-posterior chest diameter may contribute to a significant
reversible reduction in all the main myocardial strain parameters, assessed by strain echocardiographic imag-
ing in healthy pregnant women. As a consequence the impairment in myocardial strain parameters detected
in pregnant women with hypertensive disorders may not be interely ascribed to intrinsic myocardial dysfunc-
tion, particularly in those women with anterior chest wall deformity and/or pectus excavatum®. In addition,
Speckle-tracking analysis suffers from some limitations, such as intervendor variability, dependence on good
image quality and temporal stability of tracking pat-terns.

In conclusion, in this study, we reported that TDI combined with 4D myocardial strain parameters can detect
early changes in cardiac function of hypertensive disorders in pregnancy, with peak, e, E/A, E/e, LVGLS, LVGAS,
and LAGLS being the most sensitive indicators for early changes. Such findings provide a basis for effective
clinical treatment of these symptoms.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on
reasonable request.
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