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ABSTRACT

INTRODUCTION

Objectives Circumferential fiber shortening has been the
dominant basis for conventional analysis by echocardiography
of left ventricular systolic function during pregnancy. Results
in the literature have been conflicting due mainly to the fact
that geometric assumptions for the calculation of these indices
are made that may not be valid due to changes in left ventricular
shape during pregnancy. Left ventricular long-axis displacement is expected to be a useful index of systolic function,
independent of the changes in left ventricular geometry. The
aim of this study was to compare circumferential to long-axis
shortening during left ventricular contraction in pregnant
women.

Normal pregnancy is known to be associated with profound
alterations in the maternal cardiovascular system. There is an
initial decrease in peripheral resistance causing an increase in
maternal heart rate from as early as 5 weeks’ gestational age1.
There is a rise in stroke volume reaching a peak early in the
third trimester2,3 achieved mainly through an increase in blood
volume4. After mid-pregnancy, there is a progressive increase
in systemic blood pressure, which together with the increase
in blood volume leads to left ventricular (LV) hypertrophy3,5.
However, the effects of these changes in preload and afterload on LV systolic function during pregnancy are uncertain.
Some studies have suggested that there is no change in fractional shortening or the ejection fraction with gestation6–9
and others that there is a decline towards term3,10. These discrepancies may be partly due to the fact that the ejection fraction was calculated by the Teichholz formula, which makes
geometric assumptions that may not be valid due to changes in
LV shape during pregnancy11. These problems could possibly
be avoided with the assessment of long-axis LV systolic function.
Long-axis shortening of the LV is the result of the contraction
of the longitudinally orientated subendocardial myocardial
fibers and can be assessed by the measurement of long-axis
displacement during LV contraction. The subendocardial
fibers are more vulnerable to ischemia than are the transverse
layers, so that longitudinal function is a potentially more sensitive marker of LV dysfunction12–19 and has prognostic importance after coronary angioplasty20. It is also a quick and easily
mastered technique, with small intra- and interobserver
variability21. The aim of this study was to describe the changes
of long-axis function during normal pregnancy and to make
a comparison with other indices of LV systolic function.

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 left ventricle was performed including measurement of left ventricular long-axis displacement and activation
time on the lateral, septal, anterior and inferior sides of the
mitral annulus. Activation time was assessed as the time from
the start of the Q-wave of the electrocardiogram to the onset
of left ventricular long-axis shortening.
Results Mean arterial pressure and activation time decreased
during pregnancy, reaching a nadir at about 19 weeks’ gestational age of 4% and 13%, respectively, below non-pregnant
values; they subsequently increased towards term. Left
ventricular long-axis displacement mirrored the changes in
mean arterial pressure and activation time and increased with
gestational age at all four sites of the atrioventricular plane
reaching a peak at about 23 weeks (+ 12% compared to nonpregnant levels). The ejection fraction and fractional shortening remained stable until 30 and 32 weeks, respectively, and
then decreased towards term.
Conclusion Changes in left ventricular long-axis performance during pregnancy occur earlier than do measures of
transverse function.

METHODS
This was a cross-sectional study of 125 pregnant women
with singleton pregnancies at 9–42 weeks’ gestation and 19
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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.

non-pregnant women in the first phase of their menstrual
cycle, with no statistically significant differences in their
demographic characteristics (Table 1). Two-dimensional and
M-mode echocardiography was performed with a Powervision 7000 – SSA 380 (Toshiba Corporation, Tokyo, Japan)
using a 3.5-MHz transducer. Patient selection, methods and
statistical analysis have been described elsewhere in this issue
of the Journal22.

Two-dimensional echocardiography
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 fivechamber view. Cardiac output was calculated as the product
of heart rate and stroke volume. The ejection time was measured
from the opening to the closing artifact of the continuouswave aortic signal.
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Statistical analysis
Statistical analysis was performed as previously described22.
In addition, multiple regression analysis was used to assess
the effect on global LV long-axis displacement of gestational
age, maternal age, height, weight, parity, stroke volume, fractional shortening, mean arterial pressure, heart rate and ejection time. The hemodynamic variables used in the multiple
regression analysis were selected by univariate regression
analysis between the individual variable and global long-axis
values. Multiple regression was performed in the pregnant
population as a whole and after division into two groups by
a cut-off of 25 weeks’ gestational age. This cut-off was taken
because this was the point at which stroke volume reached its
peak and hematocrit its nadir, indicating the maximum
increase in blood volume.
The coefficients of variation for the LV outflow tract and
aortic velocity time integral were 2.1% and 1.4%, respectively.
The coefficients of variation for long-axis displacement on
the lateral, septal, anterior and inferior sides were 2.6%,
2.1%, 3.4% and 5.1%, respectively, and for activation time
were 2.8%, 1.5%, 2.0% and 2.2%, 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 1 L in cardiac output, 1.5 mm in long-axis
displacement and 10 ms in activation time 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

M-mode and long-axis measurements

Two-dimensional echocardiography and heart rate

Left ventricular and atrial dimensions were calculated
according to the recommendations of the American Society
of Echocardiography23 from the parasternal long-axis view
and fractional shortening (FS) was calculated from the equation:

Cardiac output increased with gestation (y = – 0.0053x 2 +
0.291x + 2.55; P < 0.0001; r 2 = 0.14; Figure 1) to a maximum
at about 30 weeks of 52% above non-pregnant controls and
then fell towards term to 32% above non-pregnant levels. The
hematocrit, mirroring the changes of cardiac output, decreased
with gestation (y = 42.5 – 0.62 × ga + 0.01 × ga2; P = 0.006;
r 2 = 0.10; Figure 1) to a nadir at about 25 weeks of 10%
below non-pregnant controls and thereafter increased towards
term to levels 5% below non-pregnant controls.
The change in cardiac output was as a result of an increase
in both stroke volume and heart rate. Stroke volume reached
a maximum at about 30 weeks (y = – 0.066x 2 + 3.59x + 45.41;
P < 0.0001; r 2 = 0.15; Figure 1) to a level 31% above nonpregnant controls and then fell towards term to a level 12% above
non-pregnant controls. Heart rate increased early, between
10 and 14 weeks, to reach a level 16% above non-pregnant
controls (78 beats/min vs. 67 beats/min, t = –3.82; P < 0.0001).
Thereafter there was a small but not statistically significant
increase (y = 0.165x + 76.47; P = 0.13; r 2 = 0.018; Figure 1).

FS = 100 × (LVDD – LVSD)/LVDD,
where LVDD is left ventricular diastolic diameter and LVSD
is left ventricular systolic diameter.
Left ventricular end-systolic and end-diastolic volumes were
estimated by the Teichholz formula24. This was a subsidiary
measure of systolic function for the purposes of comparison
with the literature.
Long-axis function was evaluated by two-dimensionally
guided M-mode recordings through the mitral annulus, using
the apical four-chamber view for the lateral and septal sides
and the two-chamber view for the anterior and inferior sides,
respectively. Care was taken to equalize the angle between
the ultrasound beam and the atrioventricular plane at both
the lateral and septal sides and the anterior and posterior
sides12,20,25. Results were expressed for each side and in addition, a global measure was calculated from the mean of all
four sides. The time from the onset of the Q-wave on the electrocardiogram to the onset of the LV long-axis displacement
was also measured (i.e. the activation time).
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M-mode echocardiography
Detailed results of the changes during pregnancy of left atrial
and LV dimensions are described elsewhere in this issue22.
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Figure 1 Changes in cardiac output (a), hematocrit (b), stroke volume
(c) and heart rate (d) with advancing gestation. Each graph illustrates
individual values 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.

Fractional shortening and the ejection fraction did not
change up to about 32 and 30 weeks, respectively, and subsequently fell below prepregnancy levels (fractional shortening:
y = – 0.00014x 2 + 0.0061x + 0.321; P = 0.005; r 2 = 0.1; ejection
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Figure 2 Changes in mean arterial pressure (a), the ejection fraction (b)
and fractional shortening (c) with advancing gestation. Each graph
illustrates individual values 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.

fraction: y = – 0.00019x 2 + 0.008x + 0.601; P = 0.001; r 2 = 0.11;
Figure 2).
The LV long-axis displacement increased with gestation at
all four sites to reach a peak at about 23 weeks. The maximum
was 13%, 8%, 13% and 10% above non-pregnant control
values for the lateral, septal, anterior and inferior regions,
respectively (Figure 3, Table 2). Subsequently, the LV long-axis
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Figure 3 Changes in left ventricular long-axis displacement with advancing gestation on the lateral (a), septal (b), anterior (c) and inferior (d) planes.
Each graph illustrates individual values 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.

Table 2 Left ventricular long-axis displacement and activation time:
results of the multiple regression
Regression
Plane

Equation

Long-axis displacement
Lateral
y = – 0.012x 2 + 0.52x + 12.22
Septal
y = – 0.01x 2 + 0.453x + 10.61
Anterior
y = – 0.01x 2 + 0.47x + 11.23
Inferior
y = – 0.0075x 2 + 0.329x + 2.82
Activation time
Lateral
y = 0.061x 2 – 2.1x + 90.165
Septal
y = 0.06x 2 – 2.25x + 94.8
Anterior
y = 0.044x 2 – 1.42x + 84.67
Inferior
y = 0.059x 2 – 2.28x + 97.35

r2

P

0.15
0.17
0.12
0.12

< 0.0001
< 0.0001
0.001
0.001

0.44
0.36
0.29
0.39

< 0.0001
< 0.0001
< 0.0001
< 0.0001

displacement decreased until, at term, levels were lower than
those of the non-pregnant controls by 18%, 17%, 10% and
10% for the lateral, septal, anterior and inferior planes,
respectively (Figure 3, Table 2). The LV long-axis displacement was higher at the lateral side of the ventricular wall
compared to the septal side, both in non-pregnant controls
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(15.7 mm vs. 14.5 mm; t = 2.10; P = 0.04) and in pregnant
subjects (17.1 mm vs. 14.9 mm; t = 7.25; P < 0.0001). The
global LV long-axis displacement showed an initial increase
of 11% above control levels to 23 weeks and then a decrease
to 15% below control levels at term (y = 11.72 + 0.444x –
0.01x2; P < 0.0001; r 2 = 0.18).
The activation time decreased with gestational age to reach
a nadir at 18–19 weeks of 12%, 15%, 13%, and 15% below
the level of the controls for the lateral, septal, anterior and
inferior sides, respectively (Figure 4, Table 2). Subsequently,
there was a significant increase by term to levels 34%, 25%,
20% and 20% higher than those of the non-pregnant controls
for the lateral, septal, anterior and inferior sides, respectively
(Figure 4, Table 2).

Mean arterial pressure and multiple regression
The mean arterial pressure initially decreased, reaching a nadir
at about 19 weeks to levels 5% lower than non-pregnant controls. Thereafter it increased until term to levels 8% higher
than non-pregnant controls (y = 0.023x 2 – 0.894x + 90.96;
P < 0.0001; r 2 = 0.17; Figure 2).
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Figure 4 Changes in activation time with advancing gestation on the lateral (a), septal (b), anterior (c) and inferior (d) planes. Each graph illustrates
individual values 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.

Backward stepwise regression analysis demonstrated that
global LV long-axis displacement during pregnancy was
significantly and independently related to gestational age
(ga), fractional shortening (FS) and stroke volume (SV):
global displacement = 8.96 + 0.14 × ga – 0.00396 × ga2 +
9.31 × FS + 0.032 × SV; P < 0.0001; r 2 = 0.24).
The global LV long-axis displacement before 25 weeks’
gestational age was significantly related only to stroke volume:
global displacement (at < 25 weeks) = 12.79 + 0.041SV
(P = 0.014, r 2 = 0.10).
The global LV long-axis displacement after 25 weeks gestational age was significantly and independently related to gestational age and mean arterial pressure (MAP) but not to stroke
volume:
global displacement at (> 25 weeks) = 28.48 – 0.2ga +
0.075MAP (P < 0.0001; r 2 = 0.38).
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Comparison with non-pregnant controls
In the first two trimesters (10–28 weeks) cardiac output,
stroke volume, heart rate, ejection fraction, fractional shortening and global mitral annulus displacement were higher in
pregnant women than in non-pregnant controls by 45%,
22.5%, 19%, 4.5%, 5.5% and 8%, respectively. On the contrary, hematocrit, mean arterial pressure and global activation time were lower in pregnant women than in non-pregnant
controls by 7%, 4% and 13.3%, respectively (Table 3).

DISCUSSION
This study demonstrated that long-axis function, as assessed
by LV long-axis displacement and activation time, was more
sensitive than traditional systolic indices in detecting changes
in LV systolic function during pregnancy. In the first 25 weeks
of pregnancy LV long-axis displacement correlated well with
stroke volume and thereafter with mean arterial pressure.
The LV systolic function, as assessed by cardiac output,
fractional shortening, ejection fraction and mitral annulus
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Table 3 Results of the t-test on examined parameters in pregnant women in the first two trimesters (10–28 weeks) and non-pregnant controls
t-test results
Parameter

Non-pregnant (mean (SD))

Pregnant (mean (SD))

t-statistic

P

Cardiac output (L/min)
Stroke volume (mL)
Heart rate (bpm)
Hematocrit (%)
Ejection fraction (%)
Fractional shortening
Mean arterial pressure (mmHg)
Global activation time (ms)
Global mitral annulus excursion (mm)

4.8 (0.7)
71.5 (8.4)
67.2 (8.3)
37.8 (3.4)
0.65 (0.05)
0.36 (0.04)
86.5 (6.9)
85.67 (11.8)
15.0 (1.6)

6.95 (1.3)
87.6 (14.3)
79.8 (11.4)
35.1 (3.2)
0.68 (0.05)
0.38 (0.04)
83.1 (6.2)
75.6 (8.2)
16.3 (1.9)

–9.9
–6.5
–5.5
2.74
–2.06
–2.4
1.9
3.5
–3.18

< 0.0001
< 0.0001
< 0.0001
0.01
0.04
0.02
0.06
0.002
0.003

displacement appeared enhanced in the first two trimesters,
with a decline towards term. The cardiac output remained
about 30% above non-pregnant levels and fractional shortening
and ejection fraction dropped to non-pregnant levels, while
mitral annulus displacement declined to below prepregnancy
levels in the third trimester. The results of this study confirm
previous reports on LV systolic function that demonstrated
an increase in cardiac output (as a result of an increase in
heart rate and stroke volume) reaching a peak early in the
third trimester3,26–28. Thereafter, there was a decline to about
30% above non-pregnant levels towards term. There is discrepancy in the literature regarding the changes in cardiac output
in the third trimester. Our results confirm previous studies
that demonstrated a decline in cardiac output in the third
trimester1,28–32 and contradict others that demonstrated either
no further changes with gestational age3,33 or even an increase
towards term34–36. These differences have been attributed to
variations in methodology or population characteristics5,37.
However, the largest longitudinal study of cardiac output in 400
pregnant women reported a decline in cardiac output after
34 weeks26. The increase in stroke volume is largely attributed
to an increase in blood volume and preload, as demonstrated
by the increase in left atrial and LV end-diastolic dimensions.

Anatomical and physiological considerations
The myocardium of the LV is comprised of three layers of
fibers. The middle layer is circumferentially arranged and is
responsible for the contraction of the short axis of the LV38
while the other two layers are arranged mainly longitudinally 39
and are responsible for long-axis shortening38.
The subendocardial fibers are at greater risk from ischemia
and are more sensitive to blood pressure changes than the
circumferential layers so that a decrease in the amplitude of longaxis displacement precedes transverse dysfunction in patients
with coronary artery disease20 hypertension, mitral valve disease
and cardiomyopathies17,40,41. The agreement of LV long-axis
displacement with ‘gold standard’ techniques such as radionuclide ventriculography has already been established42.

Previous work
Circumferential fiber shortening has been the dominant basis
for conventional analysis of LV systolic function during pregnancy by echocardiography with measurement of ventricular
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dimensions and hence the fractional shortening, ejection
fraction and, mainly for research purposes, mean velocity of
circumferential fiber shortening43. Robson et al.3 reported a
decline in LV systolic performance after 30 weeks’ gestational
age as demonstrated by a reduction in fractional shortening
and the ejection fraction. Similarly Mone et al.10 found a
reduction at term in fractional shortening and mean velocity
of circumferential fiber shortening. Furthermore, when they
examined the changes with gestation of an afterload-adjusted
and preload-independent index of contractility (the relationship between mean velocity of circumferential fiber shortening
and end-systolic meridian wall stress), they found a reduction
at term. Similar results were shown by Geva et al.44. Conversely,
others have reported no changes during pregnancy in fractional
shortening6,7,9,34,44,45, mean velocity of circumferential fiber
shortening6,7,9,44 or the ejection fraction estimated by the
Teichholz formula6,8,31,46. Gilson et al.9 also observed no
changes in fractional shortening and the ejection fraction
(estimated by Simpson’s rule) during the course of pregnancy
but concluded that there was increased myocardial contractility, as demonstrated by the reduction in indices of wall stress.
These conflicting data demonstrate the known weaknesses
of the traditional systolic indices. In these studies the ejection
fraction was mainly measured by the Teichholz formula,
which makes unwarranted geometrical assumptions. The calculation of end-diastolic and end-systolic volumes assumes
that the LV is an ellipsoid with its length double its width24.
This is not valid in cases of ventricular dilatation47 such as in
pregnancy when there is a 40% increase in blood volume.
Another shortcoming of the traditional indices is that the cursorderived systolic and diastolic dimensions of the LV from the
parasternal view are not from the same part of the LV because
of the movement of the heart along the long axis during the
cardiac cycle. In pregnancy, calculation of the ejection fraction
by two-dimensional echocardiography might also be limited
because for the estimation of the ventricular systolic and
diastolic dimensions good image quality is required for
adequate tracing of the endocardial borders. This might be
compromised, especially towards term, because the soft tissue
edema and the change in position of the heart due to the pressure from the gravid uterus make adequate visualization of
endocardial borders difficult.
Left ventricular long-axis displacement is expected to be a
useful index of systolic function, independent of the changes
in LV geometry. Studies in healthy subjects have revealed a
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LV long-axis displacement of 14–17 mm12,48–50 and this
range is in agreement with our results. Similarly, the changes
of the activation time in healthy subjects, reflecting the time
of isovolumic contraction, are in agreement with previous
publications that examined the changes in systolic time intervals
during pregnancy51–54. An initial decrease in the pre-ejection
period has been reported in the first two trimesters and a subsequent increase in the third trimester. This increase appears
to be sustained even in the postpartum period, suggesting
residual suppression of myocardial function52,54.
Pregnancy is an excellent model of physiological hypertrophy
that coincides with a number of factors affecting oxygen
supply or demands of the myocardium. Blood flow through
the arteries that supply the subendocardial part of the myocardium occurs mainly during diastole55,56. Since diastole is
of shorter duration when the heart rate is increased, blood
flow is compromised when the heart rate is fast, as it is during
pregnancy55. Heart rate increments during pregnancy range
in the literature from 10 to 30%3,5,9 and stroke volume increments range between 10 and 50%1,3,9,46. Furthermore, oxygen
consumption of the subendocardial part of the myocardium
is higher than that of the subepicardial part in animals57 and
this consumption is increased with increasing stroke volume
and/or increasing peripheral blood pressure55, both of which
occur during pregnancy. Mean arterial blood pressure appears
to drop to a nadir at mid-pregnancy and then increases to prepregnancy levels towards term1,3,9. It is therefore conceivable
that although the progressive rise in preload, afterload and
heart rate during the course of pregnancy is within normal
limits, the coexistence of these three factors towards term
might inflict excessive strain to the subendocardial part of the
myocardium and impair the long-axis function of the LV
(and thus demonstrate changes in the LV long-axis displacement and activation time) before any signs of deterioration of
the circumferential shortening become apparent.

Study limitations
This was a cross-sectional study and thus the observed
changes in the long-axis function during pregnancy are not
based on serial observations. However, the number of patients
examined is one of the largest in the literature and complies
with the requirements of the sample size calculation. Furthermore, the changes observed in the systolic function of the LV
were consistent in both two-dimensional and M-mode measurements, indicating an increase in cardiac performance up to the
beginning of the third trimester and a decline towards term.

CONCLUSIONS
Left ventricular long-axis displacement reflects changes in
preload and afterload earlier in pregnancy than do traditional indices of LV systolic function such as fractional shortening. In the first half of pregnancy it is influenced by changes
in stroke volume and in the second half by changes in mean
arterial pressure. Left ventricular long-axis displacement
may prove to be a sensitive prognostic tool in pregnancies
complicated by pre-eclampsia but further longitudinal studies
are necessary.

Ultrasound in Obstetrics and Gynecology

Kametas et al.

ACKNOWLEDGMENT
This study was supported by a grant from The Fetal Medicine
Foundation (Charity No: 1037116), London, UK.

REFERENCES
1 Duvekot JJ, Cheriex EC, Pieters FA, Menheere PP, Peeters LH. Early
pregnancy changes in hemodynamics and volume homeostasis are
consecutive adjustments triggered by a primary fall in systemic
vascular tone. Am J Obstet Gynecol 1993; 169: 1382–92
2 Duvekot JJ, Peeters LL. Renal hemodynamics and volume homeostasis
in pregnancy. Obstet Gynecol Surv 1994; 49: 830–9
3 Robson SC, Hunter S, Boys RJ, Dunlop W. Serial study of factors
influencing changes in cardiac output during human pregnancy. Am
J Physiol 1989; 256: H1060–5
4 De Swiet M. The cardiovascular system. In: Chamberlain G,
Broughton-Pipkin F, eds. Clinical Physiology in Obstetrics, 3rd edn.
Oxford: Blackwell Science Ltd, 1998: 33–70
5 Duvekot JJ, Peeters LL. Maternal cardiovascular hemodynamic
adaptation to pregnancy. Obstet Gynecol Surv 1994; 49: S1–14
6 Katz R, Karliner JS, Resnik R. Effects of a natural volume overload
state (pregnancy) on left ventricular performance in normal human
subjects. Circulation 1978; 58: 434–41
7 Poppas A, Shroff SG, Korcarz CE, Hibbard JU, Berger DS,
Lindheimer MD, Lang RM. Serial assessment of the cardiovascular
system in normal pregnancy. Role of arterial compliance and pulsatile
arterial load. Circulation 1997; 95: 2407–15
8 Mashini IS, Albazzaz SJ, Fadel HE, Abdulla AM, Hadi HA, Harp R,
Devoe LD. Serial noninvasive evaluation of cardiovascular hemodynamics during pregnancy. Am J Obstet Gynecol 1987; 156: 1208–
13
9 Gilson GJ, Samaan S, Crawford MH, Qualls CR, Curet LB. Changes
in hemodynamics, ventricular remodeling, and ventricular contractility
during normal pregnancy: a longitudinal study. Obstet Gynecol 1997;
89: 957–62
10 Mone SM, Sanders SP, Colan SD. Control mechanisms for physiological hypertrophy of pregnancy. Circulation 1996; 94: 667–72
11 Robson SC, Dunlop W, Moore M, Hunter S. Combined Doppler and
echocardiographic measurement of cardiac output: theory and application in pregnancy. Br J Obstet Gynaecol 1987; 94: 1014–27
12 Alam M, Rosenhamer G. Atrioventricular plane displacement and
left ventricular function. J Am Soc Echocardiogr 1992; 5: 427–33
13 Henein MY, Gibson DG. Normal long axis function. Heart 1999;
81: 111–3
14 Simpson IA. Echocardiographic assessment of long axis function:
a simple solution to a complex problem? Heart 1997; 78: 211–2
15 Willenheimer R, Israelsson B, Cline C, Rydberg E, Broms K, Erhardt
L. Left atrioventricular plane displacement is related to both systolic
and diastolic left ventricular performance in patients with chronic
heart failure. Eur Heart J 1999; 20: 612–8
16 Henein MY, Gibson DG. Long axis function in disease. Heart 1999;
81: 229–31
17 Alam M, Hoglund C, Thorstrand C, Philip A. Atrioventricular plane
displacement in severe congestive heart failure following dilated
cardiomyopathy or myocardial infarction. J Intern Med 1990; 228:
569–75
18 Alam M. The atrioventricular plane displacement as a means of
evaluating left ventricular systolic function in acute myocardial
infarction. Clin Cardiol 1991; 14: 588–94
19 Willenheimer RB, Erhardt LR, Cline CM, Rydberg ER, Israelsson
BA. Prognostic significance of changes in left ventricular systolic
function in elderly patients with congestive heart failure. Coron
Artery Dis 1997; 8: 711–7
20 Henein MY, Priestley K, Davarashvili T, Buller N, Gibson DG. Early
changes in left ventricular subendocardial function after successful
coronary angioplasty. Br Heart J 1993; 69: 501–6
21 Willenheimer R. Assessment of left ventricular dysfunction and
remodeling by determination of atrioventricular plane displacement

473

Left ventricular long-axis function during pregnancy

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

and simplified echocardiography. Scand Cardiovasc J Suppl 1998;
48: 1–31
Kametas N, McAuliffe F, Hancock J, Chambers J, Nicolaides KH.
Maternal left ventricular mass and diastolic function during pregnancy. Ultrasound Obstet Gynecol 2001: 18: 460 – 6
Sahn DJ, DeMaria A, Kisslo J, Weyman A. Recommendations
regarding quantitation in M-mode echocardiography: results of a
survey of echocardiographic measurements. Circulation 1978; 58:
1072 – 83
Teichholz LE, Kreulen T, Herman MV, Gorlin R. Problems in
echocardiographic volume determinations: echocardiographicangiographic correlations in the presence or absence of asynergy. Am
J Cardiol 1976; 37: 7 –11
Willenheimer R, Cline C, Erhardt L, Israelsson B. Left ventricular
atrioventricular plane displacement: an echocardiographic technique
for rapid assessment of prognosis in heart failure. Heart 1997; 78:
230 – 6
Bosio PM, McKenna PJ, Conroy R, O’Herlihy C. Maternal central
hemodynamics in hypertensive disorders of pregnancy. Obstet
Gynecol 1999; 94: 978 – 84
Duvecot J, Peeters L. Very early changes in cardiovascular physiology.
In: Chamberlain G, Broughton-Pipkin F, eds. Clinical Physiology in
Obstetrics, 3rd edn. Oxford: Blackwell Science Ltd, 1998: 3–32
Easterling TR, Benedetti TJ, Schmucker BC, Millard SP. Maternal
hemodynamics in normal and preeclamptic pregnancies: a longitudinal
study [see comments]. Obstet Gynecol 1990; 76: 1061–9
Atkins AF, Watt JM, Milan P, Davies P, Crawford JS. A longitudinal
study of cardiovascular dynamic changes throughout pregnancy.
Eur J Obstet Gynecol Reprod Biol 1981; 12: 215–24
McLennan FM, Haites NE, Rawles JM. Stroke and minute distance
in pregnancy: a longitudinal study using Doppler ultrasound. Br J
Obstet Gynaecol 1987; 94: 499 –506
Rubler S, Damani PM, Pinto ER. Cardiac size and performance during pregnancy estimated with echocardiography. Am J Cardiol 1977;
40: 534 – 40
Van Oppen AC, van der Tweel I, Alsbach GP, Heethaar RM, Bruinse
HW. A longitudinal study of maternal hemodynamics during normal
pregnancy. Obstet Gynecol 1996; 88: 40 – 6
Lees MM, Taylor SH, Scott DB, Kerr MG. A study of cardiac output
at rest throughout pregnancy. J Obstet Gynaecol Br Commonw
1967; 74: 319 – 28
Mabie WC, DiSessa TG, Crocker LG, Sibai BM, Arheart KL. A
longitudinal study of cardiac output in normal human pregnancy.
Am J Obstet Gynecol 1994; 170: 849 – 56
Mesa A, Jessurun C, Hernandez A, Adam K, Brown D, Vaughn WK,
Wilansky S. Left ventricular diastolic function in normal human
pregnancy. Circulation 1999; 99: 511–7
Thomsen JK, Fogh-Andersen N, Jaszczak P, Giese J. Atrial natriuretic peptide (ANP) decrease during normal pregnancy as related to
hemodynamic changes and volume regulation. Acta Obstet Gynecol
Scand 1993; 72: 103 –10
Van Oppen AC, Stigter RH, Bruinse HW. Cardiac output in normal
pregnancy: a critical review. Obstet Gynecol 1996; 87: 310–8

474

Kametas et al.
38 Henein MY, Gibson DG. Normal long axis function [editorial].
Heart 1999; 81: 111–3
39 Gray H. Gray’s Anatomy, 38th edn. New York: Churchill Livingstone,
1995
40 Henein MY, Gibson DG. Suppression of left ventricular early diastolic
filling by long axis asynchrony. Br Heart J 1995; 73: 151–7
41 Henein MY, Gibson DG. Abnormal subendocardial function in
restrictive left ventricular disease. Br Heart J 1994; 72: 237–42
42 Pai RG, Bodenheimer MM, Pai SM, Koss JH, Adamick RD. Usefulness of systolic excursion of the mitral anulus as an index of left
ventricular systolic function. Am J Cardiol 1991; 67: 222–4
43 Feigenbaum H. Echocardiography, 5th edn. Philadelphia: Lee &
Febiger, 1994
44 Geva T, Mauer MB, Striker L, Kirshon B, Pivarnik JM. Effects of
physiologic load of pregnancy on left ventricular contractility and
remodeling. Am Heart J 1997; 133: 53–9
45 Vered Z, Poler SM, Gibson P, Wlody D, Perez JE. Noninvasive detection of the morphologic and hemodynamic changes during normal
pregnancy. Clin Cardiol 1991; 14: 327–34
46 Laird-Meeter K, van de Ley G, Bom TH, Wladimiroff JW, Roelandt J.
Cardiocirculatory adjustments during pregnancy — an echocardiographic study. Clin Cardiol 1979; 2: 328–32
47 Fortun NJ, Hood WP Jr, Sherman ME, Craige E. Determination of
left ventricular volumes by ultrasound. Circulation 1971; 44: 575 –
84
48 Assmann PE, Slager CJ, Dreysse ST, van der Borden SG, Oomen JA,
Roelandt JR. Two-dimensional echocardiographic analysis of the
dynamic geometry of the left ventricle: the basis for an improved
model of wall motion [see comments]. J Am Soc Echocardiogr 1988;
1: 393–405
49 Hoglund C, Alam M, Thorstrand C. Atrioventricular valve plane
displacement in healthy persons. An echocardiographic study. Acta
Med Scand 1988; 224: 557–62
50 Hammarstrom E, Wranne B, Pinto FJ, Puryear J, Popp RL. Tricuspid
annular motion. J Am Soc Echocardiogr 1991; 4: 131–9
51 Kagiya A, Shiratori H, Shinagawa S, Seki K. Systolic time intervals
and impedance cardiogram in pregnant and toxemic women.
Nippon Sanka Fujinka Gakkai Zasshi 1984; 36: 1087–94
52 Liebson PR, Mann LI, Evans MI, Duchin S, Arditi L. Cardiac performance during pregnancy: serial evaluation using external systolic
time intervals. Am J Obstet Gynecol 1975; 122: 1–8
53 Burg JR, Dodek A, Kloster FE, Metcalfe J. Alterations of systolic time
intervals during pregnancy. Circulation 1974; 49: 560–4
54 Cellina G, Binaghi P, Limonta A, Locicero G, Montanari C, Brina A.
[Systolic times adjustment during pregnancy and puerperium (author’s
transl)]. G Ital Cardiol 1981; 11: 63–7
55 Ganong W. Review of medical physiology, 17th edn. London:
Prentice Hall International Inc, 1995
56 Downey JM, Kirk ES. Distribution of the coronary blood flow across
the canine heart wall during systole. Circ Res 1974; 34: 251–7
57 Weiss HR, Neubauer JA, Lipp JA, Sinha AK. Quantitative determination of regional oxygen consumption in the dog heart. Circ Res
1978; 42: 394–401

Ultrasound in Obstetrics and Gynecology

