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ABSTRACT
Objective To evaluate changes in left ventricular mass and
diastolic function during normal pregnancy.
Methods This was a cross-sectional study of 125 pregnant
women at 9–42 weeks of gestation and 19 non-pregnant female
controls. Two-dimensional and M-mode echocardiography
of the maternal left ventricle and left atrium was performed.
Results During pregnancy left ventricular mass increased by
52%. There was an increase in left ventricular end-diastolic
and end-systolic diameters (12% and 20%, respectively), left
ventricular posterior wall diameter during diastole and systole
(22% and 13%, respectively) and left intraventricular septum
during diastole and systole (15% and 19%, respectively). Mitral
valve A-wave maximum velocity increased during pregnancy
by 19%, while mitral valve E-wave maximum velocity and the
ratio of E-wave/A-wave velocities increased early in pregnancy by about 14% and 6%, respectively, with a subsequent
decline to 4% and 10%, respectively, below non-pregnant levels.
Conclusion Left ventricular mass increases during pregnancy,
while left ventricular diastolic function, as demonstrated by
the changes in mitral valve flow velocities, increases in the first
two trimesters but declines in the third trimester.

INTRODUCTION
Pregnancy exerts a major strain on the maternal cardiovascular system. A series of adaptational mechanisms are
activated from as early as 5 weeks of gestation1 in order to
maximize oxygen delivery to maternal and fetal tissues.
Maternal cardiovascular maladaptation is strongly
correlated to pregnancy outcome. It has, for example, been
demonstrated that maternal systolic function is altered in
pregnancies that are complicated with pre-eclampsia from
as early as 12 weeks of gestation. These pregnancies are
characterized by a hyperdynamic circulation before the

symptomatic phase of the disease and a subsequent depletion
of the intravascular space coinciding with the onset of the
clinical syndrome2–4. Furthermore, there is evidence that
pregnancies complicated by intrauterine growth restriction
are associated with impaired expansion of the maternal
intravascular space and a lack of increase in cardiac output
from 4 to 5 weeks of gestation5. It is thus evident that the
study of maternal cardiovascular adaptation during pregnancy
provides an insight into the interaction between maternal and
fetal homeostasis and may prove a useful screening tool for
pregnancy complications.
Although impairment of diastolic function of the left
ventricle (LV) precedes systolic dysfunction in the evolution
of most cardiac diseases6,7 there is a scarcity of reports on
diastolic function during pregnancy.
The aim of this study was to investigate the changes of LV
diastolic function in singleton uncomplicated pregnancies.

METHODS
Patient selection
This was a cross-sectional study. One hundred and twentyfive pregnant women with singleton pregnancies at 9–
42 weeks were examined once during their pregnancy and
compared with 19 non-pregnant women in the first phase of
their menstrual cycle. Gestational age was calculated from
the maternal last menstrual period and was confirmed by
first-trimester ultrasound. All subjects were healthy with a
medical and family history free of cardiovascular disease.
None of the non-pregnant controls was taking hormonal
contraception and none of the pregnancies was complicated
by pre-eclampsia, pregnancy-induced hypertension or gestational diabetes. There were no statistically significant
differences in the demographic characteristics between the
pregnant and control groups (Table 1). All women gave
written informed consent. The study was approved by the
research and ethics committee of King’s College Hospital.
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Table 1 Demographic characteristics of the study populations
Characteristic

Pregnant

Non-pregnant

Age (years, mean (SD))
Height (cm, mean (SD))
Weight (kg, mean (SD))
Nulliparous (%)
Ethnicity
Caucasian (%)
Afro-Caribbean (%)

31.3 (5.03)
164.9 (6.46)
61.1 (11.12)
50

32.3 (3.0)
167.8 (4.42)
58.9 (8.75)
63

85
13

79
16

There were no statistical differences between pregnant women and
non-pregnant controls. SD, standard deviation.
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ESSmerid = (1.35 × BPsyst × LVSD)/
(4 × LVPWS × (1 + LVPWS)/LVSD),
where BPsyst is systolic blood pressure, LVSD is left ventricular
end-systolic diameter and LVPWS is left ventricular posterior
wall during systole.
Transmitral flow was assessed with pulsed wave Doppler
from the apical four-chamber view. The sample volume was
placed just above the mitral valve leaflets during diastole, and
the peak flow velocities during early diastole (E-wave) and
during atrial contraction (A-wave) were measured.

Statistical analysis
Study protocol
The patients were studied after a rest period of 15 min in the
left lateral decubitus position in order to avoid the hemodynamic effects of the gravid uterus. Measurements were
obtained when three consecutive electrocardiographic
measurements of the heart rate demonstrated a variation of
< 10%. A single examiner (N.K.) performed all measurements
and for all parameters three cardiac cycles were averaged.
Blood pressure measurements were performed using an
automated device (Spacelabs Medical 90207, WA, USA)
validated in pregnancy and calibrated according to the recommendations of the British Hypertension Society8. Mean
arterial pressure (MAP) was calculated from the equation:
MAP = (BP syst + (2 × BP dias))/3,
where BP syst is systolic blood pressure and BP dias is diastolic blood pressure.
Two-dimensional and M-mode echocardiography were
performed with a Powervision 7000 – SSA 380 (Toshiba
Corporation, Tokyo, Japan) using a 3.5-MHz transducer.
Stroke volume was the product of the cross-sectional area of
the LV outflow tract and the velocity time integral of the pulsed
Doppler subaortic waveform measured in the five-chamber
view. Cardiac output was calculated as the product of heart rate
and stroke volume. Ejection time was measured from the opening to the closing artifact of the continuous-wave aortic signal.
Left ventricular and atrial dimensions were calculated
according to the recommendations of the American Society
of Echocardiography 9 from the parasternal long-axis view and
fractional shortening (FS) was calculated from the equation:
FS = 100 × (LVDD – LVSD)/LVDD,
where LVDD is left ventricular diastolic diameter and LVSD
is left ventricular systolic diameter.
Left ventricular end-systolic (ESV) and end-diastolic (EDV)
volumes were estimated by the Teichholz formula10 and the
ejection fraction (EF) was calculated from the equation:
EF = 100 × (EDV – ESV)/EDV.
This was a subsidiary measurement of systolic function for
the purposes of comparison with the literature.
Left ventricular mass was calculated using the M-mode
measurements by the formula of Devereux and Reichek
and LV end-systolic meridian wall stress (ESSmerid) by the
formula11:
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The Kolmogorov–Smirnov test was used to assess normality of
the distribution of the data and univariate regression analysis was
used to investigate the changes of each parameter with gestational age. Non-linear effects of the gestational age were investigated by including a quadratic term in the regression equation.
Unpaired t-tests were performed to examine the differences in the demographic and clinical characteristics between
non-pregnant controls and pregnant women. The comparison between pregnant women and non-pregnant controls
included only values obtained in the first two trimesters of
pregnancy because this was the stage at which most of the
indices of systolic function reached their maximum values
and mean arterial pressure its nadir. The test for comparison
of two proportions from independent groups was also used
to examine the differences in the demographic characteristics
between the two populations for the categorical data.
The coefficients of variation for the mitral valve E-wave
and A-wave maximum velocities were 3.7% and 2.8%,
respectively. The coefficients of variation for the left intraventricular septum during systole and diastole were 4.2%
and 3.9%, respectively; for the LV posterior wall during systole and diastole they were 1.9% and 3.34%, respectively,
and for the LV end-systolic and end-diastolic diameters they
were 3.7% and 3.7%, respectively.
Using the standard deviation of the non-pregnant controls,
recruitment of 18 non-pregnant women and 109 women
with singleton pregnancies was calculated to allow detection of a difference of 20 g in LV mass, 5 ms in mitral valve
A-wave maximum velocity and 7 mm in left atrial diameter
with 90% power at the 5% level.
The statistical package SPSS 8.0 (SPSS for Windows, Rel.
8.0.0. 1997, Chicago, IL, USA) was used.

RESULTS
The changes of the measured parameters with gestational age
and the comparison of the values in the first two trimesters
of pregnancy with non-pregnant controls are presented in
Tables 2 and 3.

Changes during pregnancy
Changes with gestational age in the parameters from
two-dimensional echocardiography have been described
elsewhere in this issue of the Journal12.
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Table 2 Results of the multiple regression between pregnant women and non-pregnant controls
Regression
Parameter

Equation

r2

P

Left atrial diameter
LV end-diastolic diameter
LV end-systolic diameter
Left intraventricular septum diameter during systole
Left intraventricular septum diameter during diastole
LV posterior wall diameter during systole
LV posterior wall diameter during diastole
LV mass
LV end-systolic meridian wall stress
Mean arterial pressure
Mitral valve E-wave maximum velocity
Mitral valve A-wave maximum velocity
Mitral valve E /A ratio

y = 26.2 + 0.76 × ga – 0.009 × ga2
y = 41.7 + 0.56 × ga – 0.0087 × ga2
y = 27.4 + 0.16 × ga
y = 8.95 + 0.05 × ga
y = 5.9 + 0.03 × ga
y = 11.8 + 0.04 × ga
y = 6.3 + 0.02 × ga
y = 104.6 + 1.36 × ga
y = 62.67 + 0.33 × ga
y = 90.96 – 0.894 × ga + 0.023 × ga2
y = 83.6 – 0.3 × ga
y = 42.55 + 0.32 × ga
y = 1.83 – 0.01 × ga

0.37
0.11
0.17
0.11
0.12
0.07
0.07
0.17
0.032
0.17
0.06
0.03
0.08

< 0.0001
0.001
< 0.0001
< 0.0001
< 0.0001
0.003
0.003
< 0.0001
0.04
< 0.0001
0.005
0.08
0.002

LV, left ventricular; ga, gestational age.
Table 3 Results of examined parameters in pregnant women in the first two trimesters (10–28 weeks) and non-pregnant controls

Parameter

Non-pregnant
(mean (SD))

Pregnant
(mean (SD))

Left atrial diameter (mm)
LV end-diastolic diameter (mm)
LV end-systolic diameter (mm)
Left intraventricular septum during systole (mm)
Left intraventricular septum during diastole (mm)
LV posterior wall during systole (mm)
LV posterior wall during diastole (mm)
LV mass (g)
LV end-systolic meridian wall stress (dyne/cm2)
Mitral valve E-wave maximum velocity (cm/s)
Mitral valve A-wave maximum velocity (cm/s)
Mitral valve E /A ratio

29.9 (4.2)
44.7 (3.1)
28.5 (2.9)
9.22 (1.3)
6.3 (0.7)
12.2 (1.2)
7.1 (1.1)
106.5 (19.9)
65.7 (11.8)
67.9 (14.2)
42.2 (5.7)
1.61 (0.2)

37.5 (4.26)
49.1 (3.9)
30.3 (3.0)
9.91 (1.2)
6.64 (0.8)
12.7 (1.3)
6.6 (0.7)
131.1 (28.4)
68.0 (15.7)
77.4 (10.5)
48.9 (8.9)
1.62 (0.3)

t-test results
t-statistic

P

–7.0
–5.2
–2.2
–2.0
–1.5
–1.6
1.7
–4.4
–0.7
–2.6
–3.9
–0.1

< 0.0001
< 0.0001
0.03
0.04
0.1
0.1
0.09
< 0.0001
0.47
0.01
< 0.0001
0.8

SD, standard deviation; LV, left ventricular.

The left atrial diameter (Table 2, Figure 1) and LV enddiastolic diameter (Table 2, Figure 1) increased with gestational age, reaching a peak at about 34 and 32 weeks, to levels
of 40% and 12%, respectively, above non-pregnant controls.
The LV end-systolic diameter increased linearly with gestational age (Table 2, Figure 2) to levels 20% above nonpregnant controls, LV intraventricular septum diameter
during systole (Table 2, Figure 2) and diastole (Table 2,
Figure 1) to levels 19% and 15%, respectively, above nonpregnant controls, and LV posterior wall diameter during
systole (Table 2, Figure 2) and diastole (Table 2, Figure 1) to
levels 13% and 22%, respectively, above non-pregnant controls. The LV mass increased with gestational age (Table 2,
Figure 3) to levels 52% above non-pregnant controls. The LV
end-systolic meridian wall stress increased with gestational age
(Table 2, Figure 3) to levels 17% above non-pregnant controls.
The mean arterial pressure decreased with gestational age
(Table 2, Figure 3) to a nadir at about 20 weeks of 5% below
non-pregnant controls and thereafter increased towards term
to levels 8% above non-pregnant controls.
The mitral valve E-wave maximum velocity increased
and subsequently decreased with gestational age (Table 2,
Figure 4) to levels 3% above non-pregnant controls at term.
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The mitral valve A-wave maximum velocity did not change
with gestational age (Table 2, Figure 4) but the values in
pregnant women were higher than in non-pregnant controls
(50.4 vs. 42.2; t = –3.8; P < 0.0001). The ratio of the E-wave
and A-wave maximum velocities (E/A ratio) decreased with
gestational age (Table 2, Figure 4).

Comparison with non-pregnant controls
In the first two trimesters (10–28 weeks) LV mass, LV enddiastolic and end-systolic diameters, LV intraventricular
septum during systole and LV atrial diameter were higher in
pregnant women than in non-pregnant controls by 23%,
9%, 6%, 7.5% and 25%, respectively (Table 3). Similarly,
mitral valve E-wave and A-wave maximum velocities were
higher in pregnant women than in non-pregnant controls by
14% and 15%, respectively (Table 3).

DISCUSSION
The results of this study demonstrate that LV mass increases
during pregnancy by about 50%. Mitral valve A-wave maximum velocity increased with pregnancy, while mitral valve
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Figure 2 Changes in left intraventricular septum diameter during
systole (a), left ventricular end-systolic diameter (b) and left ventricular
posterior wall diameter during systole (c) with advancing gestation. Each
graph illustrates the individual values of the pregnant women and the
regression lines of the 5th, 50th and 95th centiles. The vertical line on
the left of each graph illustrates the 5th, 50th and 95th centiles of the
non-pregnant controls. LV, left ventricular.
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40

Figure 1 Changes in left atrial diameter (a), left ventricular end-diastolic
diameter (b), left ventricular posterior wall diameter during diastole (c)
and left intraventricular septum diameter during diastole (d) with
advancing gestation. Each graph illustrates the individual values of the
pregnant women and the regression lines of the 5th, 50th and 95th
centiles. The vertical line on the left of each graph illustrates the 5th, 50th
and 95th centiles of the non-pregnant controls. LV, left ventricular.
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Figure 3 Changes in left ventricular mass (a), mean arterial pressure (b)
and left ventricular meridian wall stress (c) with advancing gestation.
Each graph illustrates the individual values of the pregnant women and
the regression lines of the 5th, 50th and 95th centiles. The vertical line
on the left of each graph illustrates the 5th, 50th and 95th centiles of the
non-pregnant controls. LV, left ventricular.

Figure 4 Changes in mitral valve E-wave (a) and A-wave (b) maximum
velocities and mitral valve E/A ratio with advancing gestational age.
Each graph illustrates the individual values of the pregnant women and
the regression lines of the 5th, 50th and 95th centiles. The vertical line
on the left of each graph illustrates the 5th, 50th and 95th centiles of the
non-pregnant controls.

E-wave maximum velocity and the E/A ratio increased early
in pregnancy, with a subsequent decline to below nonpregnant levels.
One of the most consistent findings in the literature is physiological myocardial hypertrophy during pregnancy1,13–15.
The term physiological hypertrophy characterizes the reversible increase in LV mass as a compensatory mechanism to
repetitive physical exertion. Physiological hypertrophy is a

mechanism that aims to maintain cardiac output despite the
chronically increased load on the LV. This could be due to
increased blood volume (preload) or increased peripheral
resistance (afterload) or both. In the first phase of increased
load, the heart needs to generate more force and tension during systole, and there is therefore increased myocardial work
and oxygen consumption. This increase in energy demand is
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met initially by the increased utilization of fatty acids16. In
later stages, the increased load on the LV augments further
myocardial wall tension and stress. According to the law of
Laplace the tension exerted on the myocardial wall is the
product of the distending pressure and the radius of the curvature (Tension = pressure × radius/2)17 and the myocardial
wall stress is proportionate to the tension and inversely proportionate to the thickness of the myocardial wall11. Therefore, the second line of defence for the myocardium is to aim
to reduce wall stress (and hence oxygen needs) by increasing
wall thickness and reducing the radius of the curvature. This
is achieved by the hypertrophy of the myocardium, i.e. the
increase in myocardial cell size. The most important stimulus
for myocardial hypertrophy is the stretching of the myocardial fibers, although other factors such as adrenaline,
nor-adrenaline16 thyroid hormones16 angiotensin II18 and
the induction of immediate early genes (c-fos, c-myc)19,20 can
stimulate hypertrophic growth of the myocardium, irrespective of loading conditions or peripheral resistance. Unfortunately, LV hypertrophy is not concentrated only in myocytes
but also in fibroblasts, which produce increased amounts of
collagen that leads to structural remodeling of the cardiac
interstitium and decreased myocardial compliance15. Thus,
in long-term loading conditions there is an increase in LV
myocardial rigidity and impaired diastolic function, which
usually precedes systolic dysfunction. The former is progressively manifested as decreased LV compliance, increased enddiastolic pressure relative to diastolic volume, decreased rate
of early diastolic filling and prolonged late filling phase and
delayed relaxation6. Hence, impaired diastolic function leads
to progressively shorter diastole and longer systole, which in
turn causes less time for ventricular filling and coronary
artery perfusion and a greater chance of the development of
subendocardial ischemia.
Diastolic function, and hence resistance to filling of the LV,
was assessed by the maximum velocity of the E-wave and
A-wave of the transmitral flow. These reflect the pressure
gradient between the left atrium and ventricle during diastole.
An increase in venous return in the left atrium (preload)
increases the maximum velocity of the E-wave21 and the
A-wave6 while an increase in peripheral resistance (afterload)
decreases the maximum velocity of the E-wave and increases
the maximum velocity of the A-wave21. Therefore, the
increase in E-wave maximum velocity early in the first two
trimesters is consistent with the increased venous return
in the left atrium (preload) and normal LV compliance.
With advancing gestation, the decline in E-wave maximum
velocity indicates a reduction in LV compliance due to the
hypertrophied myocardium and an increase in peripheral
resistance. The increase in A-wave maximum velocity during
pregnancy is likely to be the result of the interplay between
the increased mean arterial pressure and the increased heart
rate and preload in the left atrium, and reflects the increase
in work of the left atrium in order to maintain a sufficient
pressure gradient for adequate LV filling6. Our results agree
with those previously published by Valensise et al.22. They
examined serially 43 pregnant women and demonstrated a
reduction in E-wave maximum velocity, and in the E/A ratio
during pregnancy and an increase in A-wave maximum
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velocity in the second trimester which remained stable thereafter. Similarly, Mesa et al.15 examined 37 pregnant women
and reported an increase in E-wave maximum velocity and in
the E/A ratio during the first trimester, with the E/A ratio
decreasing towards term. The A-wave maximum velocity
also increased with pregnancy and, although values were
higher in the third trimester, the differences between the three
trimesters did not reach statistical significance. Mabie et al.23
also concluded that diastolic function in pregnancy was
affected by the increased preload and LV hypertrophy as
demonstrated by the increase in A-wave maximum velocity
and decline in the E/A ratio with advancing gestation.
The changes in LV wall thickness seen during pregnancy
mimic the changes observed in another population that is
characterized by a physiological hypertrophy of the LV: endurance athletes (e.g. long distance runners). In professional
athletes, increases of 10%, 15%, 14% and 45% have been
reported for LV end-diastolic diameter, LV posterior wall
diameter and LV intraventricular septum diameter during
diastole and LV mass, respectively,24 which are very similar
to the reported values observed during pregnancy1,13–15
and confirmed in this study. Myocardial hypertrophy in
athletes is a common finding and is symmetrical, with small
variation between segments24 and regression after the cessation
of training activity25. There are thus similarities but also important differences between LV conditioning during pregnancy
and during systematic exercise. During maximum endurance
exercise, cardiac output is increased mainly as a result of
increased stroke volume, since heart rate in athletes is not
different from that in untrained individuals26. However, the
ejection fraction and fractional shortening during exercise
are not different from those in control populations27 and
diastolic function in athletes is not impaired, since peak early
(E) and late (A) flow velocities and their ratio (E/A) have been
shown to be similar in athletes compared to controls28,29.
Moreover, there is some evidence that LV diastolic function
might actually be enhanced during exercise in endurance
athletes27.
One of the potential reasons for these differences between
endurance athletes and pregnant women is that systolic and
diastolic blood pressure is reduced in athletes26 while in pregnant women there is an increase of mean arterial pressure
towards the third trimester30. The heart of pregnant women
therefore functions in the first half of the pregnancy under
conditions of increased preload and in the second half both
under conditions of increased preload and progressively
increasing afterload. It is therefore obvious that the heart in
pregnancy hypertrophies initially as a result of increased
preload, with a further strain during the third trimester
caused from the increased peripheral resistance. Furthermore, the increased heart rate that characterizes pregnancy
(as opposed to the reduced heart rate of athletes during rest
and submaximal exercise) is a contributing factor to the
shorter diastole and may add a further impairment to the
oxygenation of the myocardium. The myocardium compresses
the transmural branches of the coronary artery during LV
contraction; consequently blood flow through the arteries
that supply the subendocardial part of the myocardium
occurs mainly during diastole31,32. Since diastole is of shorter
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duration when the heart rate is increased, coronary blood
flow is compromised in tachycardia31.
Whether the observed differences in LV mass and diastolic
function between endurance athletes and pregnant women
are due to the fact that cardiovascular adaptation during
pregnancy has to occur in a much shorter time interval than
in athletes, and thus does not allow sufficient time for the
myocardium to adjust slowly to the altered preload, afterload
and heart rate, or whether they are due to the fact that in pregnancy there are no relaxation intervals (i.e. training and
non-training periods), causing an additional challenge to the
strained myocardium, remains to be further investigated.
Diastolic function of the LV appears affected during the
third trimester of pregnancy by the simultaneity in increase
of preload, afterload and heart rate. Further studies are
needed to determine the cause and extent of this dysfunction
in normal and complicated pregnancies, such as in cases of
pre-eclampsia and peripartum cardiomyopathy.
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