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1. Introduction

Aim: To evaluate the hemodynamic changes in  normal Indian primigravida and to observe the 

onset, magnitude and recovery of these changes. Method: In a prospective study, 30 

primigravid women were evaluated 4 times at early, mid and late gestation and at 6 weeks 

postpartum. At each visit, echocardiography was performed in the left lateral decubitus 

position to assess the hemodynamic changes. The data was subjected to statistical analysis to 

observe the changes at different gestational periods by using ANOVA. Results: Considering 

values of 6 weeks postpartum as baseline, the mean values of cardiac output (COP) increased in 

early gestational period (from 3.75±0.39 to 4.41±0.43 L/min, p<0.01). It continued to increase 

further in mid (4.95±0.5, p<0.001) and later gestational periods (5.57±0.56, p<0.001).  Mean 

arterial pressure (MAP) was decreased in the early gestation (86.44±4.24 to 75.37±5.70 mm of 
-5Hg, p<0.001) and then increased. Total peripheral resistance (TPR) (dyne.sec.cm ) decreased 

in the early (1863.18±212 to1467.81±187,p<0.001),  continued to decrease in mid gestation 

(1467.81±187 to 1228.09±115,p<0.001). Left ventricular mass increased gradually in early 

and mid gestation and the peak value was observed at late gestation. Ejection fraction and 

fractional shortening were same throughout pregnancy and at 6 weeks postpartum. 

Conclusion: The TPR and MAP decreases in the early, CO increases in the mid and later weeks 

of pregnancy. Left ventricular systolic functions were well preserved during pregnancy.

Pregnancy is characterized by myriad of physiological changes 

of which the emergence of placenta and growing fetus is most 

dramatic. The hemodynamic readjustments occurring in 

pregnancy facilitate adaptations of cardiovascular system such as 

increase in blood volume, heart rate, cardiac output and decrease in 

total peripheral resistance.

In case of diversions from these readjustments, conditions like 

pre-eclampsia may predispose or previously unrecognized heart 

disorders may be unmasked. Cardiac output increases 30-40% 

from the pre-pregnancy levels [1,2]. However studies provide 

varying results as to the extent and timing of this increase.  

Particularly during the third trimester, reports on cardiac output 

diverge greatly [3]. Several hypotheses are postulated for the 

adaptive changes during pregnancy such as peripheral arterial 

vasodilatation hypothesis [4]. Renin-angiotensin system 

activation [5], sex hormone related mechanisms for sodium and 

fluid retention [6]. Concomitant increase in myocardial 

contractility may also contribute to increase in the cardiac output. 

[7] 

In this regards, echocardiography is the most dependable 

means of assessment which is reliable reproducible and non-

invasive technique suitable for pregnant women [8]. To the best of 

our knowledge such type of study was not being carried out 

particularly in Central Indian Population.  So the current study was 

carried out with the aim to evaluate the changes in hemodynamic,
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eliminating the need of multiple transducer selection. The 

operating frequency range extended from 0.5 – 1 MHz. (PHILIPS 

Healthcare Philips electronics India Ltd Technopolis Knowledge 

park, Andheri E. Mumbai). 

Initial conventional 2-dimentionally guided M - Mode 

recordings were done to assess the cardiac structure. A variable 

frequency faced array transducer was used. All the conventional 

acoustic windows were used and usual plane of view (parasternal 

long and short axes, apical 4 chamber view) were registered.

All the recordings were done as per the recommendations by 

Devereux et al [11] and American society of Echocardiography. 

[12] Left ventricular mass was calculated by using the standard 

formula. –

3 3LV mass (gm) = 0.8 {1.04[(LVID + LVPW + IVST)  – (LVID) ] } + 

0.6 

Where, LVID-Left ventricular internal diameter, LVPW - Left 

ventricular posterior wall thickness, IVST–Interventricular septal 

thickness. 

Left ventricular systolic function was assessed by measuring 

ejection fraction and fractional shortening.

Doppler Echocardiography was used to calculate the stroke 

volume. [3, 13] 

2Stroke volume (ml) = Left ventricular outflow tract area (m ) x 
2velocity time integral (mm ). Simultaneously recorded 

electrocardiograph determined heart rate in beats per minute. 

Cardiac output (L/min) = Stroke volume (L) x heart rate 

(beats/min) 

2Cardiac Index (L/min/m ) = cardiac output (L/min)/ Body surface 
2area (m )

Total peripheral resistance was calculated by using the 
14,15,1  formula

-5TPR (dyne.sec.cm ) =  MAP x 80/ Cardiac output 

The data was analyzed with statistical software STATA–10.0. 

Sample size of 30 followed up four times, continuous variables 

were presented as mean + SD. Changes in parameters of each 

gestational period were compared by one-way analysis of variance 

(ANOVA) followed by Bonferroni's as post-hoc test. P<0.05 was 

considered as significant.

 i. e. heart rate, cardiac output, mean arterial pressure, total 

peripheral resistance and left ventricular systolic functions in 

normal Indian primigravida in a prospective manner, find out the 

time of onset, magnitude of these changes. And to further explore 

the hypotheses of mechanisms responsible for cardiovascular 

adaptations unique to pregnancy. 

The study protocol was approved by Institutional ethical 

committee of Government Medical College & Hospital Nagpur, 

Maharashtra state, India. The study period was from Dec 2007 to 

July 2009. The women attending antenatal outpatient department 

of Obstetrics were subjected to history and clinical examination.  

Forty women having confirmed pregnancy and gestational age 

more than 12 weeks, normotensive primigravida in the age group 

of 20-30 years were selected. Women having history of medical 

illness, such as hypertension, heart disease, renal problems, 

diabetes mellitus, tuberculosis, thyroid disorders and anemia 

were excluded. Also women having history of oral contraceptive 

consumption and treatment for primary infertility, habits of 

tobacco chewing, smoking and alcohol consumption were 

excluded.

 After enrolment the study protocol of subsequent visits and 

the procedure during each visit was explained and women gave 

informed written consent. Obstetrician performed clinical and 

sonological examination for confirmation of gestational age, 

excluding those with fetal abnormalities and to confirm singleton 

pregnancy.

Height was measured in cm; weight was measured to the 

nearest Kg by using standard methods. All observations were done 

by single person. Body surface area was calculated by using the Du-

bois formula. [9] -  

0.425  0.725BSA = (WEIGHT) (Kg) x (HEIGHT)  (cm) x 0.007184

Blood pressure was recorded in right arm in lying down 

position by auscultatory method. Onset of tapping sound was 

taken as systolic and diastolic blood pressure was taken at the 

muffling of korotkoff sound. Three such measurements were 

recorded at the interval of 5 minutes and average was taken as a 

final reading.  The mean arterial pressure was calculated by using 

the standard formula. [10]

MAP = Diastolic B. P. + 1/3 (Systolic – Diastolic B. P.)

During each visit echocardiography was performed by the 

cardiologist in the cardiology department. Each time the women 

rested in the left lateral decubitus position with assistance for not 

less than 10 minutes in the echo room. The assessments were done 

by the single observer using the equipment – PHILIPS ie 33 & S 5-1 

Sector array transducer with pure wave crystal technology 

incorporating band width of 2 high performance transducers, 

2. Materials and Methods 

2.1 Selection of subjects and initial assessments

2.2: Echocardiography assessments 2.3 Statistical Analysis

Ejection fraction (EF%) =

Fractional shortening (FS) =

LV diastolic volume - LV systolic volume

LV end diastolic diameter - LV end systolic diameter

LV diastolic volume

LV end diastolic diameter
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The present study enrolled 40 women initially, 10 women 

dropped out during the study period (3 developed hypertension, 2 

suffered chronic cough, 3 turned non-compliant and 2 suffered 

miscarriage). Ultimately the cohort of 30 women was followed up 

as per the protocol (table 1). 

Table 3 provides detail result of hemodynamics in 

primigravida during various visits. Comparing the baseline 

postpartum values and those obtained in the late gestational 

period (visit 4 Vs visit 3) cardiac output was increased by 48% 

(from 3.75±0.39 to 5.57±0.56 L/min; p<0.001). This change was 

due to increase in both heart rate and stroke volume. Cardiac 

output was significantly increased even in the first visit and at this 

point of time significant increase in the heart rate (p<0.001) 

contributed more than the increase in the stroke volume (p<0.5) 

towards the gain in cardiac output. MAP decreased significantly 

(p<0.001) at visit 1 to remain nearly same at visit 2 and increased 

significantly in the later weeks of pregnancy (p<0.001). These 

changes in MAP were attributed to similar changes in systolic and 

diastolic blood pressure. The diastolic BP which decreased to the 

extent of 15% during the visit 1 as compared to the baseline value, 

further decreased in visit 2. It contributed more to keep the mean 

MAP steady in visit 2 than the systolic BP. The TPR dropped 

significantly (p<0.01) initially (visit 1 Vs visit 4). It continued to 

drop significantly (p<0.001) even in the visit 2 and 3. All 

hemodynamic parameters showed significant change from visit 3 

to visit 4 suggesting recovery. 

Left ventricular mass showed a constant increase in the values 

throughout pregnancy but not to the significant extent. It although 

started recovery at 6 weeks postpartum, the systolic functions of 

left ventricle did not show significant changes in mean values of 

fractional shortening and ejection fraction as depicted in table 3. 

As the women were enrolled at 14 – 17 weeks of pregnancy, 

their pre-pregnancy and early pregnancy data was not available. 

The values for all the parameters at visit 4 were considered as 

baseline values with the exception of left ventricular mass. 

The significant gain in weight was observed in visit 2 and visit 3 

which lead to significant increase in BSA (table 2)

Gestational weeks

Visit 1

Follow up visit

Parameters

Gestational period

Visit 2 Visit 3 Visit 4

1

2

3

4

14-17 weeks

24-27 weeks

30-33 weeks

-------

SBP (mm of Hg)

DBP (mm of Hg)

MAP (mm of Hg)

SV (ml)

HR (b/min)

COP (L/min)

2C I (L/min/m )

-5TPR(dyne.sec.cm )

LV Mass (gm)

FS %

Ejection fraction %

Early Second trimester

Late second trimester

Mid third trimester

6 weeks post partum

98.13 ± 6.91†

64.5 ± 6.21†

75.37 ± 5.70††

49 ± 4.69

86.96 ± 4.87††

4.41 ± 0.43†

3.12 ± 0.33†

1467.81±187††

94.43 ± 22.77

34.58 ± 8.20

71.23 ± 7.63

101.66 ± 6.86

62.5 ± 6.91

75.55 ± 6.25

55.06 ± 6.11

90.13 ± 4.36*

4.95 ± 0.50**

3.61 ± 0.34**

1228.09±115**

102.7 ± 23.12

34.57 ± 7.98

73.83 ± 7.38

106.66±5.46*

68.66± 4.34**

81.33± 3.55**

59.8 ± 6.08*

93.33± 3.09**

5.57 ± 0.56**

3.94 ± 0.40**

1180.45 ±150

109 ± 22

34.17 ± 7.71

72.26 ± 8.23

111.33±5.92*

74.33 ± 4.68*

86.44 ± 4.24*

47.2 ± 5.5**

79.33± 3.86**

3.75 ± 0.39**

2.80 ± 0.29*

1863.18±212**

99.8 ± 19.7*

34.78 ± 7.64

70.8 ± 8.23

Table 1:Study protocol for hemodynamic evaluation in 

primigravid pregnant women (n=30)

TABLE 3 Hemodynamic data of pregnant women at various visits.

Antenatal VisitsParameters Post partum visit

Weight (kg)

Height(cm)

BSA (m2)

43.03±3.45

149.9±4.7

21.32±0.06

1 2 3 4

47.2±4.35*

149.9±4.72

1.37±0.06

51.7±4.26**

149.9±4.72

1.41±0.06†

43.6±3.90

149.9±4.72

1.33±0.06

TABLE 2. The anthropometric data of the study women.

Data presented as Mean ± SD, n = 30 

a) * - p < 0.01 – significant change from preceding gestation period

b) ** - p < 0.001 – Highly Significant change from preceding 

gestationalperiod 

c) † - p< 0.001 - Significant change (Visit 4 vs visit 3)

By using ANOVA with Bon-Ferroni's as post hoc test

3. Results 

Jyotsana R. Bharshankar et.al / Int J Biol Med Res. 2012; 3(1):1289-1293

a) Data presented as absolute mean ± SD, n = 30

b) FS -Fractional Shortening 

c) * - p < 0.01 & ** - p<0.001 – Highly significant and very HighlySignificant change as compared to previous visit 

d) † - p < 0.01 & †† - p < 0.001 – Highly significant and very Highly Significant change as compared to 6 weeks postpartum (visit 4 vs visit 1).

By using ANOVA with Bon-Ferroni's as post hoc test
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4. Discussion 

5. Conclusion: 

The present study was designed as longitudinal follow up 

study to delineate the gradual adaptations in hemodynamics and 

left ventricular functions during the course of pregnancy and 

postpartum. Significant weight gain started in the mid pregnancy 

to peak in late gestational weeks. Body surface area (BSA) showed 

significant increase in the late pregnancy as compared to baseline 

value (p<0.001). Thus BSA gain was gradual initially but obvious in 

later gestational weeks. This goes in accordance with other 

workers but the mean values of anthropometry in our study were 

lower. [14,16,1] This may be because of the ethnic and racial 

differences in the study population. 

The MAP decreased significantly in the early gestational 

period, settled in the mid and in the later gestational period it 

increased significantly. It recovered at 6 weeks postpartum 

significantly. Such trend was also observed by other 

workers.[17,1,18,19,20] Though the systolic BP is comparatively 

increased in visit 2, the drop in diastolic BP in the early and mid 

pregnancy contributed more to keep MAP steady. In the late 

gestation MAP increased which was parallel with the gain in 

diastolic BP. 

Various investigators have put forth the mechanisms behind 

these changes. Nitric oxide (NO), the vascular smooth muscle 

relaxing substance acts through cGMP mediated vasodilatation. 

The enzyme endothelium derived nitric oxide synthase (eNOS) is 

the key factor in its production. eNOS is biologically found in two 

isoforms i.e. ca++ dependent and ca++ independent. The activity of 

this ca++ dependent eNOS is increased by increase in the estradiol 

levels which are well documented in pregnancy [6]. Angiotensin II 

also stimulate NO production and thus it remains most important 

vasodilator during pregnancy [21,22].  Besides these there are 

other factors such as estrogen and progesterone metabolites (5-

alpha dihydroprogesteron) which are present in high 

concentration in pregnancy enhances arterial refractoriness to 

angiotensin II.  Increased secretions of ANP by heart in response to 

atrial distention contribute to vasodilatation. This is also mediated 

by cGMP on vascular smooth muscle. [23] In normotensive 

pregnancy vascular relaxation in peripheral artery and enhanced 

arterial compliance in conduit arteries has a crucial role in 

allowing the increased intravascular volume without increase in 

the blood pressure[24].  Total peripheral resistance in our study 

showed significant drop in visit 1, it even dropped further in visit 2. 

This observation supports the explanation quoted by other 

studies[24,25,26] . 

Increase in the COP throughout pregnancy was observed to be 

significant in all visits. Similar trends were observed by many 

workers[1,7,14,18,20].  This enhancement in the COP was 

attributed to similar changes in HR and SV. Increase in the SV was 

significant in the visit 1. This seems to be secondary to the 

increased venous return by plasma volume expansion during 

pregnancy. Some authors suggest the mechanism behind volume 

gain to be activation of rennin angiotensin system (RAS) induced 

by arterial under filling due to primary peripheral vasodilatation.

 It is thought to be an important factor modulating volume 

homeostasis and inducing volume expansion during pregnancy. 

[4,17,25] Note that values of TPR were significantly dropped in 

visit 1. Other studies observed this drop even before 14 weeks of 

pregnancy. [1,27] 

Pregnancy induced peripheral arterial vasodilatation causes 

activation of atrial baroreceptors which further causes three 

major changes viz stimulation of the sympathetic system, 

activation of RAS and sodium retention, non osmotic vasopressin 

stimulation and water retention and thus effective blood volume is 

maintained.[4] 

HR increases initially as a compensation for relative 

hypovolumia, in later weeks of pregnancy, high HR found to be 

necessary to circulate extra volume. [17]  The raised levels of 

plasma T3 caused by estrogen induced increased TBG and 

thyrotrophic activity of HCG contributes to increase HR during 

pregnancy. 

The mean values of COP obtained in our study are less than 

other studies with comparable techniques.  This could be due to 

difference in study population involved. The maternal weight, 

height and body surface area are lower in Indian women than 

European, African and American countries. According to Hutchin's 

CJ the plasma volume expansion in European pregnant women 

was more than pregnant women of Indian origin with lesser 

maternal stature.[18] In another study, Ross P et al concluded that 

cardiac output in underweight pregnant women was lower than in 

normal weight pregnant women.[28]   

 When this COP is studied as a function of body surface area 

that is cardiac Index, the influence of maternal anthropometry is 

nullified and the observed values of cardiac index are similar to the 

other studies. [7,14,19] 

The increased blood volume in pregnancy increases work load 

on left ventricle as evident rise in the LV mass. The cause is said to 

be same as heavy exercise causes skeletal muscle hypertrophy. 

[15]  The values were comparable to those by other workers. The 

mean values of ejection fraction and fractional shortening in left 

ventricles did not show significant change in our study as 

observed by other workers. [1,7,8,24] Slight increase in the values 

may be because of the increase in the preload. [14] Besides this 

contractile functions of LV are also influenced by HR and after load. 

[29] 

Study shows a significant increase in COP at late second 

trimester maintained till third trimester. MAP, HR increased and 

TPR decreased significantly in the early second trimester of 

pregnancy suggesting these changes might have started in the 

earlier weeks of pregnancy. Thus it supports the hypotheses 

suggested by previous studies. [4] The left ventricular systolic 

functions are not changed significantly. Further exploration is 

needed here for, is it the haemodynamic adaptations which are 

Jyotsana R. Bharshankar et.al / Int J Biol Med Res. 2012; 3(1):1289-1293
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well compensated? or some pregnancy related hormonal or 

metabolic changes are supporting the maintained left ventricular 

systolic functions. 

The anthropometric parameters in Indian women were on 

lower side, so it affected the values of COP and TPR. Thus the data 

in our study may possibly represent the values of hemodynamic 

parameters in normal pregnant primigravid women of India. 

 As a routine practice the women with 3 or more months of 

amenorrhea are referred to the Obstetric OPD and so the earlier 

hemodynamic status could not be assessed. Similarly the 

subsequent visits were planned according to their routine visits to 

the same departments in view of compliance. The evaluation in 

late third trimester also could not be done. Biochemical 

estimations of hormones related to mechanisms involved in 

hypervolemia could not be done because of financial constraints.

We are thankful to the pregnant women who willingly 

participated in our study and also to the department of Cardiology, 

Super-specialty Hospital, Nagpur, India for the complete support. 
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