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ABSTRACT

Background: Pregnancy is associated with volume overload producing significant vascular and hemodynamic
adaptations in cardiovascular physiology. Present study was designed to follow up gradual adaptations in
cardiovascular hemodynamics during the course of pregnancy using Doppler echocardiography which is reproducible
and noninvasive technique.

Methods: In present prospective study of 50 women, were divided into 2 groups of 25 each: control group & study
group (pregnant patient in | trimester, Il trimester & Il trimester). They were non-invasively analysed for
cardiovascular function and systemic hemodynamics using echocardiography and compared with control group. The
data was analysed using ANOVA for comparison within the group and student’s t- test for comparison between the
groups. p value <0.05 was considered to be significant.

Results: Mean age and height in control and study groups were comparable. Weight gain was within the expected
range with advancement of pregnancy. Heart rate was increased in | and Il trimesters with peak rise in Il trimester.
The difference between control group and study groups was statistically significant (p < 0.05).Systolic blood pressure
was slightly decreased in all the trimesters as compared to control group which was statistically not significant. There
was gradual increase in SBP from | to Il trimesters. Diastolic blood pressure progressively decreased in | and Il
trimesters and then increased in Il trimester. The difference in DBP between control group and I, Il trimesters of
pregnancy was significant (p<0.05).Systemic vascular resistance progressively decreased with advancement of
pregnancy and difference was statistically significant (p <0.05) . Cardiac output is steadily increased in all trimesters
of pregnancy with peak at 36 weeks and was statistically significant (p<0.05). It was due to increase in both heart rate
and Stroke volume. Ejection fraction also increased in all trimesters.

Conclusions: Present study shows significant functional changes in the cardiovascular dynamics during pregnancy.
Doppler echocardiography provides an excellent noninvasive method for the evaluation and serial analysis of
hemodynamic changes. These results will help in distinguishing abnormal echocardiographic changes from the
normal physiologic changes of pregnancy. Therefore maternal echocardiography should be introduced into the
antenatal management protocol, which will help to identify women at high risk to developing cardiovascular
complications and there by early intervention.
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INTRODUCTION

Pregnancy is a physiological phenomenon. It produces
both anatomical and physiological changes in all the
organs including reproductive organs, cardiovascular
system, hemopoietic system, respiratory system and
excretory system etc. The understanding of these
adaptations is important for applied Physiology.

Pregnancy is associated with volume overload producing
significant vascular and hemodynamic adaptations in
cardiovascular physiology.! They are necessary for
successful pregnancy, but they impose further load on
the heart. Moreover, heart disease is the leading cause of
nonobstetric mortality during pregnancy, and the number
of pregnant women at risk for cardiovascular
complications is on the rise.>® Therefore, understanding
of maternal cardiac function allows clinicians to detect
and manage cardiac disease during early stages. In earlier
days, gas exchange techniques were used to determine
cardiac output. With development of cardiac
catheterization, studies were performed using right heart
hemodynamics. The advent of echocardiography enabled
serial noninvasive cardiovascular monitoring throughout
pregnancy. Initially, investigators used M-mode but
perhaps due to its limitations, results were not uniform.*
Recently, Doppler echocardiography has been used
which is reproducible and non-invasive technique
suitable for pregnant women.®> Therefore present study
was designed to follow up gradual adaptations in
cardiovascular hemodynamics during the course of
pregnancy using Doppler echocardiography.

METHODS

Present study was conducted at Department of Obstetrics
and Gynecology in Kamineni Institute of Medical
Sciences, Narketpally Nalgonda District, Telangana in
collaboration with Department of Cardiology. It was
prospective case controlled study conducted in 50
subjects during August 2014 to September 2015 over a
period of 14 months.

In present study, 25 healthy pregnant women with
singleton pregnancy (study group) between 20-30 years
were compared with 25 age matched non-pregnant
women as control group.

Patients who refused to participate, those suffering from
cardiovascular  disease, diabetes mellitus, thyroid
disorder, anaemia and pregnant women with multiple
gestation and toxemia of pregnancy were excluded.

All subjects were informed in detail about aim, objectives
and the procedure of the study; and written consent was
taken for conduct of study.

In present study, total 32 pregnant women were enrolled
during first trimester, out of which seven were dropped
out due to reasons like abortion, development of
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pregnancy induced hypertension, lack of follow up and
poor quality images etc. Thus finally, twenty five
pregnant women were involved in the study.

The study was performed in 3 sessions; First between 10-
12 weeks of gestation, Second between 24-28 weeks of
gestation and third between 34-36 weeks of gestation.
Non pregnant woman were studied for single time.

A detailed obstetric history in pregnant women and
thorough examination was done in all subjects. Age was
noted. Height was measured, with accuracy of 0.5
cm.Weight was measured, up to nearest 100gm.

Blood pressure was measured by sphygmomanometer in
right arm in left lateral position after 10 minutes of rest
by auscultatory method. Onset of tapping sound was
taken as systolic and muffling of Korotkoff sound was
taken as diastolic blood pressure. Three measurements
were done at 5 minutes interval and average was taken.
Mean arterial pressure (MAP) was calculated as diastolic
pressure + 1/3 pulse pressure.

An obstetric ultrasound scan, was performed in pregnant
woman to confirm singleton pregnancy and gestational
age.

All subjects were subjected to echocardiography using
Philips ANVISER-C model. Standard parasternal two
dimensional long axis images were recorded and left
ventricular diameters were measured in M mode
(American Society of Echocardiography guidelines).®

Doppler Echocardiography was used to calculate the
stroke volume.” Simultaneously heart rate per minute was
recorded by electrocardiograph. Cardiac output (CO)
(L/min) was calculated by multiplying stroke volume (L)
and heart rate (beats/min).

Systemic vascular resistance (SVR) was calculated as
MAP x 80/CO.

Left ventricular systolic function was assessed by
measuring ejection fraction (EF) which was calculated as
(LV end diastolic volume - LV end systolic volume)/LV
end-diastolic volume.

Statistical analysis

The data was expressed as Mean £S.D and was analysed
using one way analysis of variance (ANOVA) for
comparison within the group and student’s t- test for
comparison between the groups. P-value <0.05 was
considered to be significant.

RESULTS
Age and height was comparable in both the groups

(Table 1). Weight gain was within the expected range for
all patients with peak in late gestational weeks (Table 2).
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Table 1: Comparison of mean age and mean height of
control and study groups (n =50).

Mean age 25.94 +4.08 2491 £424 >0.05
(years+SD)
Mean height  153.34+ 3.68 152.08 * 3.55 >0.05
(cm + SD)

p value: <0.05 — significant; Mean age and height in control
and study groups were comparable.

Heart rate is increased in 1% and 2" trimesters with peak
rise in 3" trimester. The difference between control group
and study groups was statistically significant (p<0.05).

Systolic blood pressure was slightly less in all the
trimesters as compared to control group which was
statistically not significant. There was gradual increase in
SBP from I to Il1 trimesters (Table 3).

Table 2: Mean weight of control and study groups

(n =50).
Control Study group (n =25)
group (n=25) | Trimester Il Trimester Il Trimester
444242 .66 46.38+3.17 51.52+3.12 56.44+3.01

As pregnancy advances, there was increase in the weight.

Diastolic blood pressure progressively decreased in | and
Il trimesters and then increased in Il trimester. The
difference in DBP between control group and I, Il
trimesters of pregnancy was significant (p<0.05)
(Table 3).

MAP decreased significantly in first trimester as
compared to control group, then gradually increased till
third trimester (Table 3).

Table 3: Comparison of heart rate and blood pressure between study and control group (n=50) (Mean£SD).

Heart rate (Beats/min) 79.3+4.7
Systolic blood pressure (mmHg) 109.31+6.2
Diastolic blood pressure (mmHg)  76.5+5.1
Mean arterial pressure (mmHg) 87.415.2

* p<0.05- significant as compared to control.

SVR progressively decreased with advancement of
preghancy and difference was statistically significant
(p<0.05) as compared with control group (Table
4).Cardiac output is steadily increased in all trimesters of

| Trimester Il Trimester 1 Trimester
91.65.1* 93.3+3.8* 97.6+4.1*
101.245.7* 104.21+7.1 107.32+6.9
66.33+4.7* 62.66+5.2* 71.5+5.1
77.97+4.2* 76.51+4.9* 83.44+4.8

pregnhancy with peak at 36 weeks and was statistically
significant (p<0.05) (Table 4).Ejection fraction was
increased in all trimesters (Table 4).

Table 4: Comparison of echocardiographic parameters between study and control group (n=50) (MeanzSD).

Stroke volume (ml) 60.04+5.1
Cardiac output (It/min) 4.76+0.4
Systemic vascular resistance (dyne.sec cm™)  1468.91+112
Ejection fraction (%) 68.31+5.1

* p<0.05- significant as compared to control.

DISCUSSION

Present study was designed to follow gradual adaptations
in hemodynamics during the course of pregnancy.

Age and height was comparable in both the groups.
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| Trimester Il Trimester 111 Trimester
62.246.2 67.745.6* 71.445.8*
5.69+0.47* 6.32+0.56* 6.97+0.52*
1096.2+125* 968.48+119* 957.7+131*
73.72+4.7 79.26+4.3* 74.7145.7

Weight gain was within the expected range for all
patients with peak in late gestational weeks. This is in
agreement with other authors but the mean values of
anthropometry were lower which may be attributed to
ethnic and racial differences between the study
population.®®
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Pregnancy is a condition of primary peripheral arterial
vasodilation, associated with hyperdynamic circulation
with high CO and low SVR.!

In present study, heart rate is increased in 1% and 2™
trimesters with peak rise in 3" trimester. The difference
between control group and study groups was statistically
significant (p<0.05).

The increase of heart rate in pregnancy is due to
increased metabolism to meet demands of foetus,
placenta, increased BMR and oxygen consumption, Bain-
bridge reflex mechanism (during pregnancy venous
return increases, cardiac chambers are distended which
initiate cardio acceleratory increase in heart rate) and
increase in sympathetic activity due to physiological
stress. ™

Results are in accordance with studies done by various
authors.'**

In present study, systolic blood pressure was slightly less
in all the trimesters as compared to control group which
was statistically not significant. There was gradual
increase in SBP from | to I11 trimesters.

Diastolic blood pressure progressively decreased in | and
Il trimesters and then increased in Il trimester. The
difference in DBP between control group and I, Il
trimesters of pregnancy was significant (p<0.05). The fall
in pressure is due to reduction in vascular tone mediated
by progesterone and increase in prostacyclin level.*®

MAP decreased significantly in first trimester as
compared to control group and then gradually increased
till third trimester. Similar observations were noticed by
other researchers.******'" Though systolic BP increased
in 1l trimester , fall in diastolic BP in | and Il trimester,
kept MAP at steady level. In Il trimester MAP increased
parallel to diastolic BP. SVR progressively decreased
with advancement of pregnancy and difference was
statistically significant (p<0.05) as compared with control

group.

Different mechanisms have been proposed to explain
these changes. Nitric oxide (NO), the vascular smooth
muscle relaxing substance acts through cGMP mediated
vasodilatation. Enzyme endothelium derived nitric oxide
synthase (eNOS) plays important role in its production.
Biologically it is present in two isoforms ie. ca™
dependent and ca™ independent. Increase in estradiol
levels during pregnancy increases activity of ca™
dependent eNOS.*® Also high levels of estrogen and
progesterone metabolites (5-a dihydroprogesteron) during
pregnancy increases arterial refractoriness to angiotensin
Il. Increased secretions of ANP by heart in response to
atrial distention contribute to vasodilatation which is also
mediated by cGMP.”® In normal pregnancy vascular
relaxation in peripheral artery and enhanced arterial
compliance in conduit arteries plays crucial role in
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accomodating increased intravascular volume without
increase in blood pressure.?

This also explains progressive fall in systemic vascular
resistance as pregnancy advances.

Changes in SVR are similar to other studies.**? 2%

In present study, cardiac output is steadily increased in all
trimesters of pregnancy with peak at 36 weeks and was
statistically significant (p<0.05).

It is due to increase in both heart rate and Stroke volume.
Increase in the SV seems to be secondary to the increased
venous return by plasma volume expansion during
pregnancy. Some authors suggests volume gain is due to
activation of rennin angiotensin system (RAS) induced
by primary peripheral vasodilatation. Because of increase
in venous return end diastolic volume increase.”?
According to Starlings law, with increase in end diastolic
volume, there is increase in preload and initial length of
cardiac muscle fiber increases with resultant increase in
cardiac output.

HR increases initially to compensate relative
hypovolumia, in later weeks of pregnancy, high HR is
necessary to circulate extra volume. The raised levels of
plasma T3 caused by estrogen induced increased TBG
and thyrotrophic activity of HCG contributes to increase
HR during pregnancy.

Cardiac output was significantly increased even in the
first trimester which was mainly due to increase in the
heart rate. Similar trends of increase in cardiac output
corresponds well with previous reports.****

Desai et al found Cardiac output increased predominantly
in the latter half of pregnancy with peak of 46-51%
occurred from a 15% increase in heart rate and 24%
increase in stroke volume.?

The mean cardiac output of present study are less than
other studies, which may be attributed to ethnic and racial
differences between the study population, as maternal
weight, height and body surface area are lower in Indian
women 24,

In the present study, the ejection fraction was increased in
all trimesters. Slight increase in the values may be
because of the increase in the preload.” Besides this
contractile functions of LV are also influenced by HR
and after load.”* There was no evidence of LV diastolic
dysfunction during pregnancy by Doppler assessment.

Robson et al stated that several studies have shown
increase in ejection fraction during pregnancy.® Similar
change was observed by other workers.*? Thus all
hemodynamic parameters showed significant changes
during pregnancy.
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Thus heart has a universal adaptation response to chronic
volume-overload in pregnancy with major hemodynamic
changes like sodium and water retention leading to blood
volume expansion, an increase in cardiac output, increase
in ejection fraction and reduction in systemic vascular
resistance and systemic blood pressure.

In case of diversions from these readjustments, conditions
like pre-eclampsia may predispose or previously
unrecognized cardiac disorders may be unmasked.

CONCLUSIONS

Present study shows significant functional changes in the
cardiovascular dynamics. Doppler echocardiography
provides an excellent non-invasive method for the
evaluation and serial analysis of hemodynamic changes
during pregnancy. These results will help in
distinguishing abnormal echocardiographic changes from
the normal maternal physiologic changes.

Therefore echocardiography if introduced into the routine
antenatal protocol, could help to identify women who are
at high risk to develop cardiovascular complications and
there by early intervention.

Limitation
Following are the limitations of the present study.

It was performed in a single hospital therefore sample
may not be representative of all Indian women. Therefore
we recommend a cross-sectional multicentric study to
confirm results of present study and to outline reference
limits of echocardiographic parameters during pregnancy.

Future

Further studies can be made by 3D echocardiography
which is based on direct volumetric quantification, which
is independent of geometric assumption of Left Ventricle
and as it is semi-automatic, it is also relatively operator
independent.
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