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Abstract

Alternative methods to assess ventricular diastolic function in the
fetus are proposed. Fetal myocardial hypertrophy in maternal diabetes
was used as a model of decreased left ventricular compliance (LVC),
and fetal respiratory movements as a model of increased LVC. Com-
parison of three groups of fetuses showed that, in 10 fetuses of diabetic
mothers (FDM) with septal hypertrophy (SH), the mean excursion
index of the septum primum (EISP) (ratio between the linear excursion
of the flap valve and the left atrial diameter) was 0.36 ± 0.09, in 8 FDM
without SH it was 0.51 ± 0.09 (P = 0.001), and in the 8 normal control
fetuses (NCF) it was 0.49 ± 0.12 (P = 0.003). In another study, 28
fetuses in apnea had a mean EISP of 0.39 ± 0.05 which increased to
0.57 ± 0.07 during respiration (P < 0.001). These two studies showed
that the mobility of the septum primum was reduced when LVC was
decreased and was increased when LVC was enhanced. Mean pulmo-
nary vein pulsatility was higher in 14 FDM (1.83 ± 1.21) than in 26 NCF
(1.02 ± 0.31; P = 0.02). In the same fetuses, mean left atrial shortening
was decreased (0.40 ± 0.11) in relation to NCF (0.51 ± 0.09; P =
0.011). These results suggest that FDM may have a higher preload than
normal controls, probably as a result of increased myocardial mass and
LV hypertrophy. Prenatal assessment of LV diastolic function by fetal
echocardiography should include analysis of septum primum mobil-
ity, pulmonary vein pulsatility, and left atrial shortening.
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Introduction

The fetal circulation has four major com-
munications between the systemic and pul-
monary pathway: the foramen ovale, the duc-
tus arteriosus, the ductus venosus, and the
placenta. The saturated blood from the um-

bilical vein reaches the heart through a tripha-
sic high velocity flow in the ductus venosus,
which goes directly to the left heart across
the oval fossa, stretching the septum primum
towards the left atrial cavity in late diastole.
The low volume flow from the pulmonary
veins to the left atrium occurs throughout the
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cardiac cycle, with a systolic peak, a dia-
stolic peak, and presystolic flow during atrial
contraction.

Ventricular diastole is a very complex
phenomenon whose main components are
relaxation, compliance, myocardial rigidity,
and elastic recoil (1). Relaxation is an active
process occurring with energy consumption
in the early ventricular filling, when the myo-
cardial fibers return to their original state
after ventricular contraction (2-4). Compli-
ance is a passive process occurring during
late ventricular filling and atrial contraction,
and is related to fiber distensibility. Myocar-
dial rigidity is the contrary of ventricular
compliance (5) and elastic recoil is a con-
tinuing decrease in ventricular pressure in
early diastole (3).

Studies of diastolic function in adults
using M-mode and Doppler echocardiogra-
phy have shown the usefulness of unidimen-
sional assessment of left atrial dynamics (6),
atrioventricular (7-9) and pulmonary vein
flow analysis (10-14) and, more recently, of
tissue Doppler of atrioventricular rings and
ventricular septum (15).

Classical echocardiographic assessment
of fetal diastolic function uses Doppler anal-
ysis of mitral and tricuspid inflow waves.
The waveforms obtained in diastole by pulsed
Doppler echocardiography at the tip of both
atrioventricular valves are biphasic, with an
E wave representing early ventricular filling
velocity, and an A wave related to flow
velocity during atrial contraction in presys-
tole. The normal E/A ratio during pregnancy
is below 1, which means that the fetal myo-
cardium is relatively “stiff” compared to that
of newborns and older children (16-22). An
increase or inversion of the E/A ratio is
related to ventricular diastolic dysfunction
(23-27). There are few reports of other pa-
rameters used to evaluate ventricular dia-
stolic function in the fetus.

In the present study, alternative methods
are considered to assess ventricular diastolic
function during fetal life using models of

decreased ventricular compliance and in-
creased ventricular filling. Specifically, we
tested the hypotheses that: a) septum primum
mobility is decreased in fetuses with de-
creased left ventricular compliance as a re-
sult of left ventricular hypertrophy in mater-
nal diabetes and is increased during fetal
respiratory movements, when the compli-
ance of the left ventricle is increased; b) the
mobility of the septum primum does not
depend on the diameter of the foramen ovale;
c) the global shortening of the left atrium is
decreased in fetuses of diabetic mothers, and
d) pulsatility of the pulmonary veins is in-
creased during fetal life in diabetic pregnan-
cies.

Patients and Methods

Four transversal and controlled studies
were designed.

To assess the diastolic mobility of the
septum primum, we measured its “excursion
index” (EI), which is the ratio between the
maximal linear displacement of the atrial
flap valve and the left atrial diameter (28) in
a four-chamber view (Figure 1). In the model
of decreased left ventricular compliance, we
compared the EI in 10 fetuses of diabetic
mothers with septal hypertrophy and a mean
gestational age of 34.8 weeks (32-39 weeks),
8 fetuses of diabetic mothers with normal
septal thickness and mean gestational age of
34.0 weeks (32-38 weeks) and 8 normal
fetuses of mothers without diabetes (con-
trols) and a mean gestational age of 34.3
weeks (32-39 weeks). In the model of in-
creased left ventricular compliance, 28 fe-
tuses from 25 to 35 weeks of gestation were
studied in apnea and during respiratory move-
ments and the EI of the flap valve was com-
pared in these two behavioral states.

The correlation between the EI of the atrial
flap valve and the foramen ovale diameter
was assessed in 102 normal fetuses from 20
to 38 weeks of gestation whose mothers did
not show any evidence of systemic disease.
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The left atrial global shortening fraction
(LASF) and the pulmonary vein pulsatility
index (PVPI) were assessed in 14 fetuses of
diabetic mothers and in 26 fetuses of normal
control mothers. Mean gestational age was
31.7 ± 3.8 weeks for the diabetic mothers and
29.4 ± 0.19 weeks for the control group. LASF
was obtained by the M-mode ratio: maximal
left atrial diameter (telesystolic) - minimal
left atrial diameter (presystolic)/maximal left
atrial diameter (Figure 2), and PVPI by the
Doppler ratio: peak systolic velocity - peak
presystolic velocity/mean velocity in the pul-
monary venous flow (Figure 3).

Data were analyzed statistically by
ANOVA and by the Student t-test, with a
critical P value of 0.05, and correlations
were calculated by the Pearson coefficient.

Results

Comparison of the three groups in the
first study showed that EI was 0.36 ± 0.09
(0.30-0.43) in fetuses of diabetic mothers
with septal hypertrophy, 0.51 ± 0.09 (0.39-
0.59; P = 0.001) in fetuses of diabetic moth-
ers without septal hypertrophy, and 0.49 ±
0.12 in control fetuses (0.44-0.59; P = 0.003;
Figure 4). In the model of fetal breathing
movements, fetuses in apnea had a mean EI
of the flap valve of 0.39 ± 0.05 (0.29-0.48),
which increased to 0.57 ± 0.07 during respi-
ration (0.45-0.69; P < 0.001).

There was no correlation between the
excursion of the septum primum and the
diameter of the foramen ovale (r = -0.03) in the
normal series examined for this parameter.

The gestational age of fetuses of diabetic
mothers and of normal control fetuses in the
third and fourth studies was not statistically
different. Mean LASF was decreased (0.40 ±
0.11) [0.12 to 0.69] in comparison to the
control group (0.51 ± 0.09) [0.07 to 0.68]
(P = 0.011). Mean PVPI was higher (1.83 ±
1.21) [1.0 to 4.07] in fetuses of diabetic
mothers than in normal control fetuses (1.02 ±
0.31) [0.53 to 1.67] (P = 0.02).

Figure 1. Diagram showing how
the excursion index of the sep-
tum primum is obtained from
the ratio A/B. A is the maximal
diastolic excursion of the flap
valve, in a four-chamber view,
and B the maximal left atrial di-
ameter. RA, LA = right and left
atrium, respectively; RV, LV =
right and left ventricle, respec-
tively.

Figure 2. M-mode echocardiographic measurement of the left atrial shortening fraction. 1,
Left atrial maximal diameter (telesystolic); 2, left atrial minimal diameter (presystolic). The
shortening fraction is obtained from the ratio (maximal diameter - minimal diameter)/
maximal diameter.

A
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and abnormal events occurring during fetal
ventricular diastole.

It was shown that septum primum mobil-
ity behaves differently in situations in which
the ventricular compliance is reduced, such
as in myocardial hypertrophy secondary to
maternal diabetes (with a decrease in linear
diastolic displacement) or enhanced, such as
during fetal breathing (with an increase in
displacement within the left atrium). We
suggest that the increase in left atrial dia-
stolic pressure as a result of the less compli-
ant hypertrophic left ventricle interferes with
the normal mobility of the atrial flap valve,
limiting its expansion. On the other hand,
during respiratory movements it has already
been demonstrated that there is an increase
in left ventricular compliance (29) which
may cause a decrease in left atrial diastolic
pressure and ultimately an increase in sep-
tum primum excursion. The measurement of
the EI of the atrial flap valve is easy (28). It
was also determined that the excursion of the
flap valve does not depend on the diameter
of the interatrial communication.

Studies carried out on adults have shown
that the dynamics of the left atrial walls is
related to left ventricular compliance, espe-
cially in patients with hypertrophic cardio-
myopathy (6). Thus, the LASF appears to be
dependent on the left ventricle preload and
to be proportional to ventricular compliance
(6). We tested the hypothesis that the fetal
LASF would be decreased in fetuses of dia-
betic mothers compared to fetuses of normal
control mothers. The results obtained so far
are compatible with this assumption, prob-
ably as a result of increased myocardial mass
and left ventricular hypertrophy in fetuses of
diabetic mothers (30).

This study also showed that the PVPI is
increased in fetuses of diabetic mothers in
relation to fetuses of mothers with normal
glucose levels. It is suggested that this could
be due to the less compliant fetal left ven-
tricle in diabetic pregnancies, with myocar-
dial hypertrophy and increase in left atrial

Figure 3. Doppler tracing of the pulmonary vein. A = presystolic peak; D = diastolic peak; S
= systolic peak. The pulsatility index is obtained from the ratio (maximal velocity [systolic or
diastolic] - presystolic peak)/mean velocity. The mean velocity is automatically calculated by
the instrument as the area below the manual tracing of the waveform during the entire
cardiac cycle.
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Figure 4. Comparison of the mean excursion index of the septum primum of fetuses of
diabetic mothers (FDM) with and without septal hypertrophy (SH) and of the normal control
group. The statistical test used was ANOVA.

Discussion

This report provides new insights on the
echocardiographic assessment of fetal dia-
stolic function. Some of the data discussed
here are part of an ongoing research protocol
aimed at determining the usefulness of alter-
native methods for the evaluation of normal

P = 0.003

Pulmonary vein
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pressure, with a relatively restricted empty-
ing of the pulmonary vein flow (31,32).

The assessment of pulmonary vein pulsa-
tility and left atrial shortening is an alterna-
tive method to evaluate diastolic function in
fetuses. This is important because diastolic
dysfunction, mainly related to decreased left
ventricular compliance in fetuses of diabetic
mothers, may be the cause of neonatal heart
failure and transient tachypnea, and even
when causing no symptoms it may increase
the morbity and mortality of these fetuses
when detected in late pregnancy.

Other methods to evaluate fetal ventricu-
lar diastolic function, still in an early stage of
investigation, are the analysis of the flow
across the ductus venosus and the foramen
ovale as well as tissue Doppler motion anal-

ysis of the ventricular walls. As the foramen
ovale acts anatomically and functionally like
a vessel, it would be possible to document
alterations in its flow through the pulsatility
index. The pulsatility index of the foramen
ovale has been measured by placing the Dop-
pler sample volume in the foramen ovale and
calculating the ratio (peak systolic velocity -
peak presystolic velocity/mean velocity). The
results obtained by this method are still be-
ing analyzed.

The use of the alternative parameters
described here to assess fetal left ventricular
diastolic function in clinical practice and
routine fetal echocardiography must be thor-
oughly evaluated in additional studies in
order to determine its accuracy and repro-
ducibility.
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