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Introduction: M-mode echocardiography at the atrial level is only possible during prenatal life. The aim of the
study was to evaluate the M-mode parameters of RA/LA in fetal normal heart anatomy (NHA) and without func-
tional anomalies (NHS).

Material and methods: M-mode echocardiography of RA/LA patterns were analysed in 32 fetuses, with mean
gestational age 27.7 £3.7 weeks. It was a retrospective cross-sectional analysis. Using 2-D ECHO a four-chamber
view was obtained, and M-mode was put perpendicular to atrial walls.

Results: Typical pattern of M-mode echo RA/LA was found in fetuses with NHA and NHS: RA wall con-
tractions were more prominent than LA wall contractions in 66%, they presented with an equal am-
plitude of contractions in 25%, and with only RA contractions in 9%. The interatrial septum was in the
middle of the space between both atrial walls. The septum primum (FO flap) was moving always with-
in the space of the LA presenting a typical trace: during atrial wall contractions it was fast moving to-
wards the RA wall, and during atrial diastole it showed slower biphasic trace in 79% or other trace in 21%.
Conclusions: M-mode echo of RA/LA in fetuses with NHA and NHS showed a typical pattern of atrial wall excur-
sions, FO valve movement in atrial systole and atrial diastole, and position of atrial septum.

Key words: left atrium, fetal well-being, right atrium, septum primum, foramen ovale flap.

Corresponding author:

Prof. Maria Respondek-Liberska

Medical University of Lodz

Polish Mother’s Memorial Hospital

Rzgowska 281/289

93-345, Lodz, Poland

e-mail: maria.respondek-liberska@uni.lodz.pl

Material and methods
From our unit database for fetal echocardiography from the

Introduction
M-mode echocardiography at the ventricles level is an old

method that has been used in adult and paediatric cardiology
for many years. But M-mode echocardiography at the atrial
level is only possible during prenatal life, and the literature on
this subject is very limited. We aimed to evaluate patterns to
define the M-mode parameters of RA/LA in fetal normal heart
anatomy without functional anomalies.

year 2019, we selected M-mode RA/LA echocardiography im-
ages for further analyses. Fetal echocardiographic exams were
performed on GE Voluson E8, GE Voluson 10, and Philips (with
convex probes, 3D probes, and cardiac probes). All exams were
stored digitally and later reviewed off-line using the Tricefy4 In-
ternet database. We selected for further evaluation only fetuses
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Figure 1. M-mode RA/LA echocardiography images. Yellow arrow — fo-
ramen ovale flap within the space of left atrium (LA), red arrow — atrial
septum

with normal heart anatomy, no functional abnormalities, no
extracardiac malformations, with normal biometry, and from
singleton pregnancies, in case of a good quality exam: apex of
the heart was on “the clock as on 9" or 3* hours” and M-mode
beam was perpendicular to the atrial septum or almost perpen-
dicular with no more than 15° from the zero line (correction an-
gle beam was not used; anatomical M-mode was not used). For
more precise evaluation an option zoom was used (Figure 1).
The delivery was at the 37" week of gestation or later, and new-
borns were discharged from hospital at the latest on day 3 or
4 in good clinical condition without any problems based on
the hospital records (data from an Internet fetal echo program,
Medical University of Lodz).

All cases had cross-sectional analyses. The M-mode trac-
ings were analysed qualitatively. We analysed the right atrial
(RA) wall excursion in comparison to left atrial (LA) wall ex-
cursion, the position of the interatrial septum, and tracing of
the foramen ovale flap in the atrium, both in atrial diastole and
atrial systole. We also paid attention to the trace of the Eusta-
chian valve in the right atrium where possible.

From the population of 127 normal fetal echocardiograms
performed by the same person (MRL) a group of the 32 fe-
tuses (25%) was selected and presented in Table 1. Fetal routine
echocardiography examination was performed according to the
rules of the American Heart Association scientific statement
from 2014 [1], and the examination was extended in the case
of the good visibility of the fetal heart structure and an optimal
fetal heart position.

Results

The mean gestational age was: 27.7 £3.7 weeks; min 19 and
maximum 34.3.

In fetuses from the study group, RA wall amplitude excur-
sion was greater than LA wall excursion in 66% (n = 21), equal
excursions were present in 25% (n = 8), and only RA excur-
sions were present in 9% (n = 3) (Figure 1). There was no single

case of “silent”, i.e. no excursion, of the RA wall. Wall
amplitude excursion was from 2 to 4 mm.

In 6/32 fetuses (18%) younger than 29 weeks, the
left atrial wall was “silent” with no excursion and after
the 30™ week of gestation all fetuses (100%) in the study
group presented left atrial wall excursions.

The foramen ovale flap in all cases in this study group
was freely moving, resided within the LA, and did not
cross the boundary line of atrial septum, closing the fora-
men ovale in systole.

In all cases, at the onset of atrial contractions there
was fast (prominent excursion) of the foramen ovale flap
towards the RA. In 79% (n = 25), during atrial diastole
the foramen ovale flap showed slower biphasic move-
ment, and the sequence was repeated in the next beat.

In five cases there was a “triphasic”-like trace in atrial di-
astole, and in two cases almost a “monophasic” trace was
seen. In only one case (at 27 weeks) did the foramen ovale
flap show small “oscillation” with flow. In subsequent scans
this abnormality did not persist, so it seems to have been
only a temporary event.

The interatrial septum in 65% (n = 21) fetuses from
the study group of normal fetal heart anatomy was in
the middle of the space between the right and left atrial
walls in a still position, meaning not moving, and in 35%
(n = 11) there were atrial septal movements parallel to the
RA wall contractions (Table 1, Figure 1).

The Eustachian valve in the right atrium was poorly
seen in 27/32 of the cases. If visible, it was moving in con-
cert, parallel to the foramen ovale flap (septum primum)
(Table 1). It was not possible to make precise evaluation of
the Eustachian valve motion in the majority of cases with
the current ultrasound technology, so this part of the analy-
ses was not continued.

Discussion

In normal physiology in the right atrium (RA) there is
a crossroads for different blood streams: one arises from
inferior vena cava and is directed to the left atrium via fo-
ramen ovale. Another blood stream is from the SVC and
next one is from the coronary sinus. This stream from the
inferior vena cava has been shown, in fetal sheep studies
[2], to be divided into two streams: one from the inferior
vena cava and one from the ductus venosus. The streams
remain separate because of different flow velocities. These
blood streams may change with fetal activity, including
breathing movements and sleep movement.

Could fetal M-mode of the right atrial walls and left
atrial walls and tracing of septal flap movement help to bet-
ter understand the fetal blood circulation at the atrial level
and confirm human fetal well-being?

M-mode echocardiography evaluation of the right
and left ventricles is an established postnatal and prena-
tal technique used for some fetal echocardiography prior
to the development of 2D ultrasound [3-5]. It is used in
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Table 1. Quantitative characteristic of fetal M-mode of RA/LA in normal heart anatomy (NHA) and normal heart study (NHS)

Gestational RA&LA LA wall FO valve FO valve FO valve Interatrial septum: | Eustachian
age wall excursions in left motion motion in the middle flat valve
(in weeks) excursions atrium? in atrial in atrial or small excursion | seen or not
systole diastole with RA

1 19.1 RA> LA + Yes BETRA Biphasic With RA +
2 19.2 RA 0 Yes Biphasic Flat -
3 2.1 RA=ILA + Yes BETRA Triphasic Flat +/-
4 24.2 RA> LA 0 YES BETRA Monophasic Flat +
5 246 RA=LA + Yes BETRA Biphasic Flat +/-
6 25.2 RA=ILA + Yes BETRA Biphasic Flat -
7 254 RA>LA + Yes BETRA Biphasic Flat -
8 26.1 RA> LA 0 Yes Triphasic Flat -
9 262 RA> LA + Yes BETRA Biphasic Flat -
10 264 RA=ILA + Yes BETRA Biphasic With RA +/-
1 264 RA>LA 0 Yes BETRA Biphasic Flat +/-
12 265 RA> LA + Yes BETRA Biphasic With RA -
13 27.2 RA> LA + Yes BETRA Triphasic Flat +
14 274 RA> LA + Yes BETRA Biphasic With RA +
15 275 RA>LA + Yes BETRA Biphasic With RA -
16 276 RA=IA + Yes BETRA Biphasic Flat
17 276 RA> LA Yes BETRA Biphasic Flat -
18 282 RA=LA + Yes BETRA Biphasic With RA -
19 286 RA> LA + Yes BETRA Biphasic FLAT -
20 287 RA> LA 0 Yes BETRA Biphasic FLAT -
Al 29.1 RA> LA + Yes BETRA Biphasic Flat -
22 29.2 RA> LA 0 Yes BETRA Biphasic With RA +
23 293 RA> LA + Yes BETRA Biphasic With RA -
24 30.1 RA> LA + Yes BETRA Biphasic With RA -
25 30.4 RA> LA + Yes BETRA Monophasic With RA -
26 31 RA> LA + Yes BETRA Triphasic With RA _
27 324 RA=LA + Yes BETRA Biphasic Flat -
28 331 RA=1A + Yes BETRA Biphasic Flat -
29 333 RA> LA + Yes BETRA Biphasic With RA -
30 34.2 RA=1A + Yes BETRA Biphasic Flat +/-
31 343 RA> LA + Yes BETRA Triphasic Flat -
2 343 RA=LA + Yes BETRA Biphasic With RA -
Summary | 277437 | RA>LA66% LA 100% 100% Biphasic79% | Interatrial septum flat | 27/32not for

Mean+STD | RA=LA25% | contractions Triphasic 65% & with RA wall analysis

RA only 9% 81% 15% movement 35%
LA only 0% Monophasic 6%

BETRA — "big” (fast) excursion of the foramen ovale flap towards the right atrium, RA — right atrium, LA — left atrium

fetal cardiology for qualitative and quantitative assessment of
interventricular septal wall motion, posterior wall motion of
the left ventricle, and their dimensions, to evaluate fetal heart
arrhythmias or hypertrophic cardiomyopathy [6-12].

M-mode fetal echocardiography of RA/LA atria is unique
for prenatal cardiology, and in the past it was used far less for
scientific analyses. Based on this technique, one can define ex-
cursions of left and right atrium walls, as well as patterns of
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Table 2. Main features from prenatal M-mode echocardiography of RA/LA in
the case of normal heart anatomy and functional abnormality

Fetus well-being

Good contractility of RA and LA walls > 29" week of gestation (in fetuses
< 29" week right atrial wall excursions may be dominated)

Interatrial septum in the middle

Foramen ovale flap — always in LA: in systole fast movement towards RA,
in diastole slow movement, in 60% biphasic

motion of foramen ovale flap (septum primum) and Eustachian
valve motion. The latter motion was initially defined in fetal
sheep by Schmidt, Silverman, and Rudolph in 1996 [2].

The umbilical venous flow is directed toward the left
atrium. Rich oxygenated blood stream appears to be directed
by the Eustachian valve (EV), arising from the orifice of the
inferior vena cava, which is a thin structure that is often dif-
ficult to see during ultrasound exam. The stream that origi-
nated from the narrowed ductus venosus had a higher velocity
than that from the caudal inferior vena cava (mean velocity,
57 £13 vs. 16 £3 cm/s; p < 0.0002), as described by Schmidt,
Silverman, and Rudolph [2]. The EV motion is parallel to that
of the foramen ovale flap (septum primum). When the foramen
ovale flap (septum primum) moves toward the atrial septum the
Eustachian valve moves away from the atrial septum as well.
In atrial systole the foramen flap moves back toward the atrial
septum, theoretically preventing oxygen-rich blood from com-
ing back and entering the pulmonary side of the circulation.

In healthy human fetuses, based on our observations,
in the second half of gestational age, and especially after
29 weeks of gestation, both atria were involved in contrac-
tions; however, the RA wall excursion was more prominent
compared with the left atrial wall in 66%, there were equal
contractions in 25%, and there were no LA contractions in
9% among younger fetuses, i.e. below the 29" week of gesta-
tion. There was no single case in this study group of “silent”
right atrial wall. This observation confirms the important role
of the right atrium wall contractions in younger fetuses and
the important role of the right and left atrium in older fetuses
(i.e. > 30™ week of gestation).

The proper balance between both atria is presented also
by the position of the interatrial septum in the middle space
between the walls of the two atria.

In normal fetal heart the foramen ovale flap is like a veil or
a sail, which moves within the space of the left atrium and does
not cross the line of the atrial septum. The movements of the
foramen ovale flap (septum primum) in M-mode represent the
blood flow stream from the RA to the LA. In atrial systole there
was rapid movement of the foramen ovale flap towards the wall
of the right atrium, and in atrial diastole there was slower and
biphasic pattern flow of foramen ovale valve flap motion (in
the majority of cases — 79%), probably representing two blood
streams: one from DV and the other one from IVC. In the mi-
nority (21%) there was a “monophasic” pattern — probably the

blood stream from IVC and DV had similar velocities during
fetal heart examination.

As the blood flow from SVC is proceeding towards tricus-
pid valve it is not reflected on the tracing of the foramen ovale
flap movement.

A similar observation using M-mode of the atria (or M-
mode of septum primum) was reported by Dellinger in 1993
[13]; however, he suggested that the biphasic motion of the
foramen ovale flap is due to the atrial and ventricular contrac-
tions and claimed that biphasic motion was lost in atrial septal
aneurysms.

All of our fetuses from the study group were born in good
clinical condition, and neonates were discharged from the
hospital by 3-4* day without any additional information in
hospital records, which confirmed their good clinical condition
during our investigation.

To sum up, based on M-mode echocardiography of RA
and LA one may confirm good fetal haemodynamic condition:
atrial wall excursions, the position of the interatrial septum in
the middle space between the atrial walls, and the type of ex-
cursion of the foramen ovale flap both in atrial systole and in
atrial diastole (Table 2).

The type of analysis of M-mode echocardiography or
RA/LA presented above was not very easy to obtain. The study
group (n = 32) was selected from 127 normal fetal echocardio-
grams, and the quality of the tracings was related to the posi-
tion of the fetus. Angle correction or anatomical M-mode were
not used; hence, M-mode echocardiography analyses of RA/LA
is routinely difficult to obtain but in selected cases might be
helpful to better understand the intracardiac blood flow at the
level of atria of the fetus as patient.

This way we believe further application in future research is
promising compared to the earlier published method by Sutton
et al. in 1994 [14], who suggested calculation of the logarithm
of combined ventricular flow, logarithm flow in the ductus ar-
teriosus, and flow through the lungs, in order to obtain the re-
lationship between the logarithm of flow through the foramen
ovale and gestational age.

In this way, we believe a new method for fetal foramen ova-
le haemodynamic evaluation may be created, instead of using
animal models, to study the importance of FO [15].

This was a qualitative assessment without sophisticated
statistical analysis, as a preliminary report to draw attention
to the future possibility of using the M-mode technique of
RA/LA cross-sectional analysis. For future evaluation it would
be necessary to analyse the fetus haemodynamically at the
atria level in the context of pulmonary vein flow, direction of
blood flow at the atrial level, and blood flow velocity at the
atrial level.

Conclusions

M-mode echocardiography of the RA/LA in fetuses with
normal heart anatomy and no functional abnormalities showed
a typical pattern in evaluation, including the following: atrial
wall excursions, foramen ovale valve movement in atrial systole
and atrial diastole, and the position of the atrial septum.
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