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Abstract 

Introduction: Hypertensive disorders in pregnancy including preeclampsia are present in 10% of 

pregnancies and are one of the biggest reasons for both maternal and fetal morbidity and 

mortality. 

Materials and Methods: The study was undertaken at the University Clinic for Gynecology and 

Obstetrics in Skopje, North Macedonia. After initial assessment, 81 patients were enrolled in the 

study after signing a written consent. Patients were divided into two groups depending on 

whether they had hypertension or not. In the hypertensive group 51 patients were enrolled and 30 

normotensive pregnancies were used as controls. 

Results: Based on the values of the parameters of diastolic function obtained with PDA of the 

transmittance flow and the values of the parameters obtained with TDI of the longitudinal 

movement of the mitral ring, diastolic dysfunction was found in 17 (33.2%) pregnant women of 

the studied population, LV function (p <0.001). In the pregnant women from the examined group 

in whom the presence of LV diastolic dysfunction was identified, the disorders were of mild 

degree, that is type of delayed relaxation of LV in all 17 pregnant women. 

Conclusion: Early recognition and management of symptoms are essential. Women who suffer 

from hypertensive disorders in pregnancy require close monitoring after delivery. 
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Introduction 

Hypertensive disorders in pregnancy including preeclampsia are present in 10% of pregnancies 

and are one of the biggest reasons for both maternal and fetal morbidity/ mortality (1). According 

to the WHO (World Health Organization), 16% of maternal mortality in developing countries is 

due to pregnancy related hypertension. The key issue is that half of these could have been 

prevented if treated on time (2). 

Pregnancy is a dynamic process associated with significant physiological changes in the 

cardiovascular system. Maternal inability to adapt to these physiological changes can expose 



underlying, previously silent, cardiac pathology, which is why some call pregnancy “the nature’s 

stress test”. Cardiovascular disease in pregnancy is the leading cause of maternal mortality in 

North America (3). 

The hemodynamic changes in pregnancies complicated with hypertension depend on the type 

and severity of hypertension and previous chronic diseases. In some pregnancies cardiovascular 

changes can precede the actual hypertension (4). 

The accurate assessment of cardiac function during pregnancy is important. In the past, studies 

on the maternal cardiovascular system focused mainly on systolic function (5). However, 

myocardial relaxation is an energy-dependent process and diastolic dysfunction has been shown 

to precede impairment of systolic function in the evolution of most of the cardiac diseases (6). 

New studies have suggested that diastolic dysfunction is a major cause of congestive heart 

failure, and the majority of people with congestive heart failure have preserved left ventricular 

systolic function (7). 

The best method in evaluation of left ventricular (LV) diastolic function involves measurement 

of transmittal inflow velocity by pulsed wave Doppler echocardiography. It has been in use for 

the past several decades to evaluate heart function in pregnant women (8). 

If we can identify any form of cardiac dysfunction along with its severity during early 

pregnancy, it may be possible to prevent progression of the condition and save mother from 

severe morbidity of acute heart failure (9). The aim of the study is to evaluate diastolic changes 

in pregnancies with gestational hypertension/ preeclampsia. 

Materials and methods 

The study was undertaken at the University Clinic for Gynecology and Obstetrics in Skopje, 

Republic of North Macedonia. After initial assessment, 81 patients were enrolled in the study 

after signing a written consent. The patients were divided into two groups depending on whether 

they had hypertension or not. In the hypertensive group 51 patients were enrolled, and 30 

normotensive pregnancies were used as controls. The initial examination was done at the 28th 

g.w. Subjects were classified as hypertensive if BP was ≥140/90 on two different occasion 6 

hours apart.1 The predetermined exclusion criteria for the study were: diabetes, maternal 

cardiovascular disease, alcohol and tobacco use. Gestation was confirmed by the last menstrual 

period and ultrasound measurement. BP was measured using the standard auscultatory method 

with the help of pneumatically operated mercurial type sphygmomanometer. BP was measured 

in the left arm in the sitting position with the arm at the level of the heart. Echocardiographic 

examination was done at the University Clinic for Cardiology with GE Vivid echocardiograph 

machine. M-mode studies were performed at the level of the aorta, left atrium and LV at mid 

position between the tips of the mitral valve. Systolic parameters studied were left ventricle end 

systolic diameter (LV ESD), left ventricle end diastolic diameter (LV EDD), stroke volume 

(SV), CO (cardiac output), left ventricular mass (LVM) and posterior wall thickness (PWT) in 



long-axis parasternal view. Diastolic parameters studied were E wave, A wave, E/A ratio, 

isovolumetric relaxation time (IVRT). 

A total of 3 echocardiographies were made in the 28th g.w., 2 weeks after delivery and 6 months 

after delivery. The idea of the study was to determine heart’s function during and after 

pregnancy, to evaluate diastolic function even after the pregnancy has ended to see whether heart 

changes still exist. In patients with diastolic dysfunction 6 months postpartum further checkups 

were organized with cardiologists.  

Table of Diastolic Changes   

  

1. Normal diastolic function, 

2. Disturbed (abnormal) relaxation or light abnormal relaxation, 

3. Pseudonormal type of diastolic dysfunction, 

4. Restrictive type of diastolic dysfunction. 

 

Results 

Statistical analyses of data were done with SPSS 21.0. For testing of normal distribution of data 

Shapiro -Wilk´s test was used. Categorical variables were shown with absolute and relative 

numbers and for describing quantitative variables descriptive statistics were used. For 

comparison of analyzed variables between evaluated and control group, Student’s t-test was used 

as a test of significance. For comparison of (0.1 and 2 control) Paired sample test was used. For 

describing categorical variables x2 test was used.  The probability value (P < 0.05) is described as 

significant. 



Table 1. Parameters of diastolic dysfunction determined with PDA (pulse doppler) on transmittal 

flow and pulse wave TDI e’ velocity (sm/sek) of longitudinal movement of the mitral ring in 

evaluated and control group. 

 Evaluated group 

(n=51) 

Control group 

(n=30) 

 

P value 

Е wave, m/s 0.67±0.04 0.78±0.02 < 0.005‡ 

А wave, m/s 0.62±0.12 0.57±0.04 0.05‡ 

DТ, ms 215.1±16.8 191±4.8 < 0.005‡ 

E/A ratio 1.08±0.23 1.5±0.07 <0.01‡ 

E’, cm/s 8.3±1.9  9.4±0.8 <0.05‡ 

E/E’ ratio 9.9±2.0 8.2±0.5 < 0.05‡ 

PS, mm 34.6±3.7  28.9±1.6 <0.001‡ 
‡Student’s t-test 

In Table 1, Doppler echocardiographic parameters define diastolic function in pregnancies with 

hypertension and in control group. 

Student t-test has shown significant statistical difference between the two groups when Е wave 

speed (p<0.005), Е/А value ((p<0.01), DT(p<0.005), speed of longitudinal movement of the 

mitral ring - E’(p<0.05) and E/E’ value (p<0.05). 

The Chi-square-test has shown statistical difference (p<0.001) between the two groups, in ratio 

to diastolic dysfunction, defined by PDA (pulse doppler) parameters  and TDI velocity (Table 1). 

 

Table 2.  Diastolic function in both group defined by parameters of pulse wave (PDA) doppler 

of transmittal flow and TDI velocity (sm/ sek) of longitudinal movement of the mitral ring in 

evaluated and control group. 

 Evaluated group 

(n=51) 

Control group 

(n=30) 

P  

Diastolic dysfunction    

   No (n, %) 29(56.9%) 29 (96.7%) <0.001† 

   Yes (n, %) 22(43.1%) 1(3.3%)  

      Delayed relaxation 19 (37.2%) 1 (3.3%)  

      Pseudonormal type 3 (5.9%) 0  

      Restrictive type 0 0  
†Chi-square test 

The Chi-square test showed us a statistically significant difference between the two groups, in 

terms of the presence of diastolic dysfunction of LV, defined according to the parameters of 

PDA. 



Based on the values of the parameters of diastolic function obtained with PDA of the transmittal 

flow and the values of the parameters obtained with TDI of the longitudinal movement of the 

mitral ring, diastolic dysfunction was found in 22 (43.1%) pregnant women of the study 

population, in addition in the normotensive group diastolic dysfunction was found in 1 (3.3%) 

patient (p <0.001). 

In patients in whom the presence of LV diastolic dysfunction was identified, the disorders were 

mild, that is a type of delayed relaxation of LV in 19 (37.2%) pregnant women, and moderate in 

3 (5.9%) pregnant women. In the control group only one patient (3.3%) had delayed relaxation or 

a mild degree of diastolic dysfunction. 

The first control was performed in all respondents 2 weeks postpartum. 

Table 3.Parameters of diastolic dysfunction determined with PDA on transmittal flow and TDI 

(sm/ sek) of longitudinal movement of the mitral ring in evaluated and control group on the first 

control. 

 Evaluated group 

(n=51) 

Control group 

(n=30) 

 

P value 

Е wave, m/s 0.67±0.04 0.77±0.02 < 0.05‡ 

А wave, m/s 0.60±0.12 0.57±0.06 0.06‡ 

DТ, ms 208.3±18.8 196.5±5.3 < 0.005‡ 

E/A ratio 1.28±0.23 1.52±0.07 <0.01‡ 

E’, cm/s 8.7±1.6 9.6±0.7 <0.05‡ 

E/E’ ratio 9.0±2.2 7.8±0.6 < 0.05‡ 

PS, mm 33.5±4.1 28.9±1.6 <0.001‡ 
‡Student’s t-test 

Table 3 presents Doppler echocardiographic parameters that define diastolic function in pregnant 

women with preeclampsia or gestational hypertension and the control group (the first control). 

Student t-test showed us a statistically significant difference between the two groups in terms of 

E wave velocity, E/ A ratio, DT, speed of the longitudinal movement of the mitral flow - E'i and 

E / E 'ratio. 

The Chi-square test showed a statistically significant difference (p <0.001) between the two 

groups, in terms of the prevalence of LV diastolic dysfunction, defined according to the 

parameters of PDA and TDA (Table 3). 

Table 4. Diastolic function in both group, defined by parameters of transmittal profile, gained 

with PDA (pulse wave) and TDI of longitudinal movement of the mitral ring in evaluated and 

control group on the first control. 

 Evaluated group 

(n=51) 

Control group 

(n=30) 

P  



Diastolic dysfunction    

   No (n, %) 34(66.7%) 30 (100%) <0.001† 

   Yes (n, %) 17(33.3%) 0  

      Delayed relaxation 17 (33.2%) 0  

      Pseudonormal type 0 0  

      Restrictive type 0 0  
†Chi-square test 

The Chi-square test showed us a statistically significant difference between the two groups, in 

terms of the presence of diastolic dysfunction of LC, defined according to the parameters of 

PDA. 

Based on the values of the parameters of diastolic function obtained with PDA of the transmittal 

flow and the values of the parameters obtained with TDI of the longitudinal movement of the 

mitral ring, diastolic dysfunction was found in 17 (33.2%) pregnant women of the study 

population. LV function (p <0.001). In the pregnant women from the examined group in whom 

the presence of LV diastolic dysfunction was identified, the disorders were of mild degree, that is 

type of delayed relaxation of LV in all 17 pregnant women. 

The examined echocardiographic findings presented in Table 5 and 6 refer to the second control. 

This control was performed in all respondents 6 months postpartum. Unfortunately, some of the 

respondents did not respond to the last echocardiographic control, namely 8 patients from the 

study and 4 patients from the control group did not complete the second control. The same 

parameters were examined again. 

Table 5. Parameters of diastolic dysfunction determined with PDA on transmittal flow and TDI 

of longitudinal movement of the mitral ring in evaluated and control group on second control. 

 Evaluated group 

(n=43) 

Control group 

(n=26) 

 

P value 

Е wave, m/s 0.72±0.04 0.78±0.02 < 0.05‡ 

А wave, m/s 0.59±0.12 0.56±0.14 0.06‡ 

DТ, ms 210.3±18.8 194.5±4.7 < 0.05‡ 

E/A ratio 1.32±0.23 1.57±0.05 <0.05‡ 

E’, cm/s 8.8±1.7 9.5±0.9 0.05‡ 

E/E’ ratio 8.6±2.5 7.6±0.6 < 0.05‡ 

PS, mm 30.75±3.12 29.67±1.71 0.05‡ 
‡Student’s t-test 

Table 6.  Parameters of diastolic dysfunction determined with PDA (pulse doppler) on 

transmittal flow and TDI of longitudinal movement of the mitral ring in evaluated and control 

group on second control. 

 Evaluated group 

(n=43) 

Control group 

(n=26) 

P  



Diastolic dysfunction    

   No (n, %) 31(71.9%) 26 (100%) 0.003† 

   Yes (n, %) 12 (28.1%) 0  

      Abnormal relaxation 17 (33.2%) 0  

      Pseudonormal type 0 0  

      Restrictive type 0 0  
†Chi-square test 

We found diastolic dysfunction in 12 of the 43 subjects from the population with gestational 

hypertension or preeclampsia (28.1%), 8 pregnant women did not complete the study at the last 

control. In the control group 4 patients did not report at the last control and no positive finding 

was observed from the available respondents in this group (p <0.001) (Table 5).  

Disscusion 

The left ventricular diastolic dysfunction is defined as the inability of the heart to fill with normal 

blood volume without increasing ventricular filling pressure. Left ventricular diastolic function 

and left ventricular filling pressure were calculated and graded using standard diagnostic 

algorithms (11,12) 

Diastolic dysfunction usually occurs before systolic dysfunction in the evolution of ischemic/ 

hypertensive cardiovascular disease and it is of prognostic importance in predicting long-term 

cardiovascular morbidity (13). The American College of Cardiology has highlighted the 

importance of identifying asymptomatic cardiac dysfunction for early intervention and 

improvement of outcome (14). Heart failure is a progressive condition, which begins with risk 

factors for left ventricular dysfunction and progresses further to asymptomatic changes in cardiac 

structure and function, finally evolving into heart failure (15). Diastolic dysfunction precedes the 

onset of systolic dysfunction in 50% of cardiac diseases, which further precedes the onset of 

heart failure (16). 

The Olmsted study described the predictive significance of left ventricular diastolic dysfunction 

using multivariable adjusted analyses (17). One year post-delivery, diastolic dysfunction was 

present in 11.5% of women with pre-eclampsia, in 22.7% of women with early-onset pre-

eclampsia and in 1.9% of women whose pre-eclampsia developed after 34 weeks. 

In our study, diastolic dysfunction at the entrance of the study was identified in 43.1% of the 

evaluated pregnant women, at the first control the percentage decreased to 33.3% and at the last 

control - 6 months after delivery was 18.1%. In our study, pregnant women were not divided into 

early and late preeclampsia due to the low number of patients. In other studies, in preterm 

preeclampsia, diastolic dysfunction is found in more than 50% of cases at the entrance to the 

study (18). The one-year control study showed diastolic dysfunction in 14% of term 

preeclampsia compared to 40% in preterm preeclampsia. In our study, upon entering the study, 

diastolic dysfunction was identified in one pregnant woman in the control group, but it was not 



observed in the next two controls. In studies where diastolic dysfunction was observed in part of 

normotensive pregnant women, it normalized within 3 months after delivery (19). The changes 

that persist for more than a year have number of cardiovascular consequences, and these results 

seem to be specific to early onset preeclampsia (<34 g.w.), but not in term preeclampsia (20). 

Conclusion 

Early recognition and management of symptoms are essential. Women who suffer from 

hypertensive disorders in pregnancy require close monitoring after delivery. This has been 

shown especially in early onset preeclampsia. Up to 40% of those patients fit the criteria of B-

stages heart failure (left ventricular diastolic dysfunction/ abnormal relaxation). These are young 

active women who don’t know that they have an underlying risk for chronic hypertension and 

future heart failure. Close cooperation between obstetricians and cardiologists is needed, so that 

these patients are not lost in the system. 
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