
Abstract. Background/Aim: The incidence of early
pregnancy loss widely varies according to age, being
considerably higher in older women. Severe congenital
malformations play an important role in pregnancy loss,
having a high risk of recurrence. Congenital heart defects are
the most common congenital abnormalities, thus the diagnosis
of such malformations in aborted embryos is important for
establishing both a possible cause for pregnancy loss and for
correctly counseling the parents. Pathologic examination of

the heart that is only a few millimeters in size, is very
challenging. Patients and Methods: A pathologic examination
protocol using transverse microscopic sections at the level of
the 4-chamber and 3-vessel planes is proposed for heart
evaluation. Results: Two 9-10 gestational weeks embryos were
microscopically examined using transverse slides of the
thorax. The 4-chamber and 3-vessel slides were analyzed and
compared to 11-13 weeks ultrasound images of the 4-chamber
and 3-vessel views from 10 cases. The pathologic examination
provided a detailed view of the ventricles, atria and great
vessels, sometime surpassing even the ultrasound examination
that was performed at a later gestational age. Conclusion: We
consider our proposed pathologic examination protocol
feasible for evaluating normal heart structures and ruling out
severe congenital heart disease.

The incidence of early pregnancy loss is between 10-15%,
with a significant variation according to age, being
considerably higher in older women (1, 2). The exact causes
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of early pregnancy loss are still debated, but many studies
suggest that severe congenital malformations may play an
important role (3, 4). Furthermore, infants of women with
three or more pregnancy losses have almost double the risk
of having serious birth defects, compared to infants of
women with no prior pregnancy loss (5). As congenital heart
defects (CHD) represent the most common congenital
abnormality, it makes sense to suspect that they may be
linked to a significant proportion of early pregnancy loses
(6, 7). A number of studies confirm this theory and report
that the incidence of CHD in aborted fetuses and embryos is
much higher than in liveborn (8). Also, they indicate that the
incidence of CHD is higher in the case of early spontaneous
abortions, up to 39.5% for pregnancies under 10 weeks (9).
Still the incidence reported by different studies varies widely,
especially for small gestational age abortions. One
explanation might be that the pathology study of embryos
and small fetuses is very difficult and time consuming. Also,
for dissecting under the microscope delicate anatomical
structures, like the heart that is only a few millimeters in
size, specialized personnel with dedicated training is needed.
Thus, especially in the case of early first trimester abortions,
pathologic examination usually consists of gross and
microscopic examination of the embryo and placental tissue,
with the main goal being microscopic documentation of
chorionic villi. The development of the heart is mostly
complete by 7-8 weeks of gestation so if a cardiac anomaly
does exist, it could be detectable from this age during
pathology examination (10).

For this reason, in order to increase the detection rate of
CHD in early pregnancy loses, we tried to come up with a
simple, yet efficient method for pathologic evaluation of the
embryonic heart at 8-10 weeks of gestation, that allows
assessment of the normal development of the main cardiac
and thoracic structures and can rule out severe CHD. Also,
we attempted to compare the pathology images with
ultrasound images obtained at 11-13 weeks of gestation,
when early cardiac screening takes place. 

Patients and Methods 

Plane selection. In our pathologic examination protocol, we decided
to break down the embryonic heart into two basic components, the
cardiac chambers and the great arteries. For each component, one
easily obtainable transverse section was selected, on which the
cardiac anatomy could be studied. For evaluating the atria and
ventricles the choice was simple, the 4-chamber view. This is the
first and most widely used cardiac section in ultrasound for CHD
screening (11, 12). Deciding what section to use for evaluating the
great arteries was not so easy; as the aorta and pulmonary artery
have a complex spatial relationship and their emergence from the
ventricles are in different, slightly oblique planes. In the end the
decision was made to use the 3-vessel view as it permits an
objective way of assessing the normal morphology of the upper

mediastinum and the great arteries (11, 13, 14). Both sections are
transverse planes of the thorax and are borrowed from the
ultrasound evaluation of the fetal heart in both first and second
trimester (15, 16). Other views used in fetal echocardiography, like
the left and right ventricular outflow tract views, may be useful in
diagnosing certain types of CHD like Tetralogy of Fallot,
transposition of the great arteries or double outlet right ventricle (17,
18), but these planes are slightly oblique and hard to be obtained
during first trimester ultrasound evaluation, not to mention during
pathologic examinations of embryos.

Pathologic examination. Two intact embryos from spontaneous
abortions were included in the study for pathologic examination.
The gestational ages were 9-10 weeks, corresponding to a 7-8 weeks
embryo and it was calculated using the crown-rump length,
measured by ultrasound before the abortion. Both cases were fixed
in 10% formalin solution for 10-14 days. After that, the embryos
were embedded in paraffin blocks, oriented such as successive thin
/5μm thick transverse section of the thorax could be cut with the
microtome. The sections were put on microscope slides and
Hematoxylin-Eosin staining was used to better highlight the
different tissues and structures. The sections through the heart
resembling the 4-chamber view and through the upper mediastinum
with the great arteries resembling the 3-vessel view were selected
and images captured using a dedicated acquisition camera.

Ultrasound examination. A total of ten fetuses with a gestational
age between 11 to 13 weeks were included in the study and scanned
using a GE Voluson E10 machine. To obtain the best quality images
possible, transvaginal sonography with a high frequency transducer
(RIC5-9D) was used in the study, as it allows for higher-resolution
imaging of the heart in early gestation (19). Both B-mode and Color
Doppler Flow were used to examine the heart and a maximum
examination time of 30 minutes was allocated for each case.

Structures evaluated. The pathology and ultrasound images were
analyzed and we tried to identify 15 main anatomical structures:
right and left atria, right and left ventricles, tricuspid and mitral
valves, ascending and descending aorta, pulmonary artery, superior
vena cava, lungs, trachea, esophagus, vertebra, ribs, sternum, spinal
cord. The pathology images were reviewed by a pathologist
alongside an obstetrician. The ultrasound images were reviewed by
two obstetricians. 

Results 

The 4-chamber plane. In all cases, both on pathology and
ultrasound images, we were able to identify the heart’s
position, size and axis, relative to the thorax. Also, the lungs
were visible, but in the ultrasound images little details could
be observed, as their grey scale appearance was quite
difficult to be differentiated from the appearance of the liver
or surrounding structures.

In the pathology images of the two 9-10 weeks embryos,
the right and left ventricles were easily identified, with a
clear, thick, interventricular septum separating them (Figure
1A). The left ventricle, being slightly longer in length than
the right one, forms the apex of the heart. At the apex of the
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right ventricle, the moderator band is visible. The atria, with
their thin walls, were seen but it was nearly impossible to
visualize the whole interatrial septum and foramen ovale flap.
Also, just one pulmonary vein opening in the left atrium was
seen in one of the cases. The mitral and tricuspid valves were
partially identifiable and it was hard to make any comments
about their function. The descending aorta was visible
posteriorly and to the left, in front of the vertebral body. The
esophagus was present to the right and in front of the
descending aorta and vertebral body. The vertebra, a rib on
each side and the sternum were all seen in great detail. Also,
the spinal cord was clearly visible inside the vertebral canal.

In the ultrasound B-mode images of the 11-13 weeks
fetuses, it was possible to identify the ventricles,
interventricular septum and atria in all cases (Figure 2A).
The left ventricle appeared longer in length, while at the
apex of the right ventricle, the moderator band was present,
making it appear shorter. For viewing the interventricular
septum, with its thin membranous portion, a slightly
transvers orientation of the heart, with the apex pointing at
3 or 9 o’clock, was helpful (Figure 2B). The atrioventricular
valves were distinguishable in 8 cases and only in an apical
orientation of the heart. The pulmonary veins were not
visible. With the aid of color Doppler, it was much easier to
see the ventricles with 2 distinct inflows coming from the
atria, through the tricuspid and mitral valves (Figure 3A). In
all cases the flow was anterograde and nonturbulent, without

antialiasing. By lowering the PRF it was possible to identify
at least one pulmonary vein on each side in 6 of the cases,
draining in to the left atrium (Figure 3B). The descending
aorta was visible in only 7 of the cases and only with the aid
of color Doppler and a low PRF setting. The ribs, one on
each side, and the ossification centers at the level of the
vertebra were visible, but had a relatively blurry contour. The
sternum, esophagus and spinal cord were not visible. 

The 3-vessel plane. On the pathology slides, a detailed image
of the upper mediastinum was obtained (Figure 1B). The 3
vessels represented by the superior vena cava, ascending
aorta and pulmonary artery were seen. The superior vena
cava, with its thin walls, is the smallest vessel in size and
positioned posteriorly and to the right. Next to it to the left,
the ascending aorta with ticker arterial walls is larger in
diameter and position further anteriorly. The pulmonary
artery is the most anterior and leftward vessel, having the
diameter roughly the size of the aortic one or slightly bigger.
It continues posteriorly with the ductus arteriosus arch,
reaching into the descending aorta. The aorta and ductus
arteriosus arch somewhat resemble the “Y” sign described in
echocardiography. Even if a more cephalad plane is selected,
it was not possible to view both the aortic arch and the ductal
arch converging and forming the “V” sign described in
echocardiography. The trachea and esophagus were clearly
visible, located posteriorly, in front of the vertebral body and
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Figure 1. Pathology examination of the 4-chamber (A) and 3-vessel planes (B). RV: Right ventricle, LV: left ventricle, aAO: anscending aorta, dAO:
descending aorta, AOc: aortic arch, DA: ductus arteriosus, SVC: superior vena cava, Pv: pulmonary vein, E: esophagus, Tr: trachea, St: sternum,
SC: spinal cord.



to the right of the aortic and ductus arteriosus arches. The
lungs with their typical histological appearance were visible,
surrounding on both sides the mediastinum. The vertebra,
ribs and sternum were also visible in great detail, as well as
the spinal cord, clearly visible inside the vertebral canal.

Using B-mode, the 3 vessels were barely visible, with the
superior vena cava being identified in just 4 of the cases.
Little information regarding the size, course and alignment
of the 3 vessels could be gathered, as the aorta and
pulmonary artery had a somewhat imprecise contour (Figure
2C and D). Changing the insonation angle and choosing an
apical 3-vessel view did not help, as the aorta and pulmonary
artery appeared even smaller. The mediastinum and lungs
were poorly defined between the hyperechoic ribs and
ossification centers of the vertebral body posteriorly. By
adding color Doppler, the level of detail increased
remarkably, especially for the great arteries. In all cases, the
aorta and pulmonary artery, continuing posteriorly with the
ductus arteriosus arch were clearly seen, forming the
characteristic “Y” sign (Figure 3C). Furthermore, the normal
relationship between the two vessels was more evident, with
the pulmonary artery being slightly larger and more anterior

than the aorta. If a slightly higher plane was chosen, then the
aortic arch was also visible, converging with the ductus
arteriosus arch and forming the “V” sign (Figure 3D).
Though the trachea was hard to be visualized, the straight
course of the aortic arch suggests that it follows a normal
path to the left of the trachea. Also, by studying the color
pattern, it was possible to obtain information about the flow
of blood across the two arteries. Normal, high velocity,
anterograde, nonturbulent, systolic flow was observed in all
cases. By lowering the PRF it was possible to view the
superior vena cava in 3 cases. The sternum, trachea,
esophagus and spinal cord were not visible. 

Discussion

Using the proposed protocol, the pathologic examination of
the 9-10 weeks embryos offered highly detailed images of
the 4-chamber and 3-vessel planes, allowing all of the 15
main anatomical structures investigated to be identified and
surpassing the ultrasound B-mode examination, although the
said ultrasound examination was performed at a later
gestational age of 11-13 weeks. For cardiac assessment and
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Figure 2. Ultrasound B-mode examination of the 4-chamber (A, B) and 3-vessel (C, D) planes. RV: Right ventricle, LV: left ventricle, aAO:
anscending aorta, dAO: descending aorta, AOc: aortic arch, DA: ductus arteriosus, SVC: superior vena cava, Pv: pulmonary vein.



CHD screening, both pathologic examination and ultrasound
examination with Color Doppler offered similar results,
allowing the evaluation of the main cardiac structures and
great vessels.

Cardiac structures were easy to be assessed in the
pathology images of the 4-chamber plane, as the ventricles,
atria, interventricular septum were all clearly visible and
well defined (Figure 1A). In comparison, the B-mode
ultrasound evaluation provided a poorer level of detail and
it was highly dependent on fetal position and heart
orientation in relationship with the ultrasound transducer.
The mitral and tricuspid valves were visible on both
pathology and ultrasound images, but the level of detail
was low. By adding Color Doppler to the ultrasound
examination, it was simple to perform a hemodynamic
evaluation of the heart and it offered indirect but valuable
information about the structure of the 4 chambers (presence
of a right and left ventricle separated by a septum and two
atria) and about the function of the atrioventricular valves
(Figure 2A). Also, by using Color Doppler, it was possible
to view small vessels, like the pulmonary veins, on each
side of the left atrium (Figure 2B). 

Pathology images of the 3-vessel plane provide information
about the anatomy of the great arteries and their relationship
with the surrounding anatomical structures (Figure 1B). From
right to left, the superior vena cava, ascending aorta and
pulmonary artery were seen in the upper mediastinum. The
ductus arteriosus arch and aortic arch were visible, but it was
not possible to obtain a slice with both vessels converging
towards the descending aorta and passing leftward of the
trachea, as seen during ultrasound examination. The relative
sizes of the aorta and pulmonary artery could be easily
evaluated in the ascending portions of the two. Ultrasound B-
mode evaluation offered poor quality images of the 3-vessel
plane. The use of Color Doppler allowed a detailed visualization
of the aorta and pulmonary artery, forming the “Y” and “V”
sign, depending on the level of the plane (Figure 3C and D).
The normal Color Doppler flow pattern observed at the level of
the 3-vessel plane offers indirect information about the aortic
and pulmonary valves, as valve stenosis or insufficiency would
have altered the flow, appearing turbulent, retrograde, small in
size or even absent in the corresponding vessel.

Besides important details about the cardiac structures, the
pathology slides of the 4-chamber and 3-vessel planes also
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Figure 3. Ultrasound Color Doppler examination of the 4-chamber (A, B) and 3-vessel (C, D) planes. RV: Right ventricle, LV: left ventricle, aAO:
anscending aorta, dAO: descending aorta, AOc: aortic arch, DA: ductus arteriosus, PA: pulmonary artery.



offered excellent, detailed images of the lungs, trachea,
esophagus, descending aorta, vertebra, ribs, sternum and
spinal cord, (Figure 1A and B) that were not clearly visible
on the B-mode ultrasound images.

One of the biggest advantages of this pathologic
examination protocol is that it permits the visualization of
the heart and great vessels at a very small gestational age, 9-
10 weeks, and it allows the assessment of the normal cardiac
and thoracic structures. At this gestational age, it is
extremely difficult and time consuming to perform surgical
dissection of the embryo and visualize the cardiac anatomy.
Another advantage is that the microscope slides that are
obtained can be stored for a long period of time and can be
later reviewed, if more anatomical details are needed. Also,
the microscope slides can be independently reviewed by
more pathologists and/or obstetricians if there are any doubts
about the diagnosis. By using this pathologic examination
protocol, major CHD such as hypoplastic left heart
syndrome, with a poor prognostic, that are diagnosed or
suspected by ultrasound can be confirmed post abortion (20).
The main drawback/disadvantage of the pathology
examination protocol we proposed is the number of
transverse sections that are necessary to be made through the
embryo’s thorax. The higher the number of slices, the higher
was the chance for obtaining a slice at the correct level and
more accurate details. Also, for this protocol to work and
obtain transverse planes, a careful orientation of the
specimen must be made before embedding it into paraffin.

Conclusion

Pathologic examination of the late embryonic heart at 9-10
weeks of gestation, using transverse microscopic sections at
the level of the 4-chamber and 3-vessel planes provides
valuable information about the atria, ventricles and great
arteries. As a screening method for CHD, the proposed
pathology examination protocol must be able to provide at
least the same level of information as the current 11-13 weeks
ultrasound screening protocol using Color Doppler, as well
as achieve 2 goals (16, 21-23). First of all, in the 4-chamber
plane, it must be able to assess the position, orientation and
size of the heart, as well as confirm the presence of two
normally formed ventricles. Secondly, in the 3-vessel plane,
it must be able to assess the presence, position, size and
course of the aorta and pulmonary artery. We consider that
the pathology protocol we proposed, achieves both goals and
thus it can be used as an effective method of detecting CHD
in the case of early abortions. Furthermore, although
performed at a smaller gestational age, the pathology
examination provided more detailed images than the 11-13
weeks B-mode ultrasound examination, allowing accurate
visualization of important non-cardiac structures, such as the
trachea, esophagus and spinal cord.
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