/j e
(j pen@ccess

Journal of Clinical Case Reports and Images
ISSN NO: 2641-5518

Freely A\;ailable Online

Research DOI: 10.14302/issn.2641-5518.jcci-20-3636

The Additional Diagnostic Value of the Three-
dimensional 3D ultrasound and Doppler
angiography imaging in the prenatal diagnosis
of left isomerism

' Wael El Guindi'”", Michel Dreyfus?, Gabriel Carle!, Nidal Alassas®

: !Department of Obstetrics and Gynecology, Franck Joly Hospital, Saint-Laurent-du-Maroni, France
:ZDepartment of Obstetrics and Gynecology, Caen University Hospital, Caen, France

:3Department of Obstetrics and Gynecology, CHI Redon-Carentoir. France

1

Abstract
Objective

To highlight the value of 3D ultrasound and Doppler angiography imaging in the prenatal assessment of
left fetal isomerism.

Methods

A retrospective offline analysis of volume datasets of 3 fetuses with left atrial isomerism by 3D ultrasound
was conducted.

Conclusion
We believe that parasagittal view demonstrating the heart and the abdominal vessels is easy to obtain and
interpret, offer a realistic anatomic image, needs no mental reconstruction of spatial relationships and is very

beneficial mainly in detecting the situs. We propose to use 3D ultrasound systematically in suspected cases of atrial
isomerism, and better understand and interpret fetal anatomy.
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Introduction

At very early embryonic stages the embryo
appears symmetrical with respect to the midline [1]
During gastrulation, this initial symmetry is broken by
cascades of gene activation that confer specific
properties on the left and right sides of the embryo.
This step, symmetry breaking; is essential for proper
establishment of a predicable left-right (LR) patterning
and placement of the internal organs and associated
vasculature. [2, 3]. This left-right (LR) asymmetry arise
much earlier than the morphological asymmetry of
visceral organs and is fundamental to their function and
position within the body. [2].

The term situs solitus is used to describe the
usual asymmetric positioning of the cardiac atria and
the viscera. Defects in LR asymmetric patterning often
leads to malformations, including heterotaxy
syndromes [4,5,6]. (derived from the Greek heteros,
“other” and taxis, meaning “arrangement meaning other
than the usual arrangement”) which is also named situs
ambiguous, isomerism, asplenia and polysplenia syn-
dromes. Here, the pattern of spatial organization of the
thoracic and abdominal organs demonstrates abnormal
arrangement across the left-right axis of the body i.e.
neither the normal (situs solitus) nor mirror image
arrangement (situs inversus). [7]. There is not one
specific finding that is pathognomonic for situs
ambiguous (heterotaxy) but rather there is a
combination of findings seen in situs solitus and situs
inversus. [9,10].

Heterotaxy syndromes are conventionally
grouped in two categories defined according to the
status of the spleen and the morphology of the atrial
appendages, bronchi, and lungs into the subsets of
asplenia syndrome or right isomerism, and polysplenia
syndrome, also known as left isomerism. [9, 10,11]. The
distinction between the two groups is based on the
common concurrence of different abnormalities found
with this disorder. The polysplenia syndrome is usually
observed in patients with bilateral left sidedness, a
condition in which both lungs resemble the left lung.
The asplenia syndrome may be associated with a
bilateral right sidedness, a condition in which both lungs
morphologically resemble the right
lung. [9,10,11,12]. The relation between left isomerism
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and polysplenia, right isomerism and asplenia is close,
but not one to one, a spleen can be found in right
isomerism, just as the spleen can be absent with left
isomerism.[ 12]. This classification may provide a help-
ful starting point for a mental organization that allow
the clinician to predict structural and physiological
abnormalities based on patterns but they are not the
rule. [12] Due to morphological variability within the
cases, there is no single classification that encompasses
the wide spectrum of findings found with this disorder.
On account of that, some clinicians advocate referring
to it as left atrial isomerism followed by a specific de-
scription. [13]. We present four cases diagnosed in our
department in a period of 16 months. With these four
cases and a review in the literature, we explore the defi-
nitions and characteristics of left atrial isomerism and
we provide a new diagnostic tool of fetal situs anoma-
lies.

Materials and Methods

We present 4 cases diagnosed with left atrial
isomerism in our department in a period of 16 months.
With these 4 cases and a review in the literature, we
explore the definitions and characteristics of left atrial
isomerism and we highlight the value of 3D ultrasound
in the prenatal assessment of atrial isomerism
syndromes.

Examinations were performed via Voluson 730
Pro (General Electric, Milwaukee, WI, USA) with a
volumetric abdominal transducer (4-8 MHz). Stored
cardiovascular volumes were prospectively and
subsequently analyzed offline. Volume datasets were
evaluated by an independent examiner who was not
blinded to the previous diagnoses of cardiac anomalies
per 2D ultrasound. Sonography images were then sent
via the internet to a diagnosis reference center (Caen
Teaching Hospital, France), and prenatal the initial
diagnosis was confirmed or revised. A multidisciplinary
team—including a pediatric cardiologist, a neonatologist,
and a pediatric cardiac surgeon  provided
comprehensive prenatal counseling to each expectant
mother. Neonatal echocardiography was used to
confirm the prenatal diagnosis in surviving fetuses.

Results
In our study, three patients had an interruption
of the IVC (figure 2 b, c), the first patients had severe
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cardiac malformation and 2 patients had a persistent left
superior vena cava (LPSVC) (figure 4 a, b). The four
patients had ultrasonographic signs for situs ambiguous
(left isomerism) and in 3 of them the diagnosis was
confirmed by fetopathological examination.
The first patient had an unfavorable outcome
(pregnancy termination “hydrops foetalis”) and this was
linked to severe heart disease. The second case with no
sever cardiac malformation delivered at 27+6 weeks’
gestation and child had psychomotor retardation which
appears to be related to extreme prematurity. All the
three karyotypes were normal, research 22qll
microdeletion was negative. " Double vessel sign " was
found in all cases with interruption of the IVC with
azygos continuation -VCI. (Figure 3 b, o).
Grayscale facilitated the diagnosis of situs (Figure 1).
Power Doppler imaging contributed primarily to prenatal
diagnosis of vascular anomalies, and it was beneficial in
detecting situs (Figure 2). 3D ultrasound and Doppler
enhanced the visualization of fetal vessels. Using
volumes, meticulous offline evaluation can be
performed, enabling the operator to reconstruct fetal
anatomy. 2 patients had the stomach in the right side,
one of them without congenital heart disease. ( figure 1
d, 3b).

One patient had dextrocardia in which the
diagnosis was evoked by by Doppler imaging following
localization of the apex of the heart and axis of the left
hepatic vein on opposite sides, both left hepatic vein
(LHV) and the apex of the heart are in the same side
and point to the same direction i.e. downwards, the
cardiac apex points to an opposite direction with respect
to the spine i.e. away from the spine. (figure 2d). In
levocardia the cardiac apex is oriented away from the
spine, on the other hand, in dextrocardia, the cardiac
apex is oriented toward the spine (figure 2). The 4
patients had a liver in the median position , one patient
had the appendix appendix and gall bladder ((white
asterisk) are on the left side, rectosigmoid is on the
right side.(figure 1 a,b,c,d,f). And another patient had
intestinal nonrotation, the entire small bowel localizing
to the right abdomen and colon localizing to the left
abdomen. (figure g,h). One patient had congenital
duodenal obstruction caused by Ladd's bands ( figure 1

Lj)
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Discussion

The earliest recorded example of a case of
asplenia with a malformed heart that of Martin in
1828. [15]. Biron Ivemark noted the association of
spleen anomalies with some cardiac malformations like
atrioventricular canal defects and conotruncal anomalies,
he published in 1955 in Acta Paediatrica his landmark
paper which included analyses of all cases in the
published literature as well as his own 14 cases , this
paper was one of the first to recognize the association
between splenic status, complex congenital cardiac
disease, and abnormal arrangement of the viscera,
focusing on the tendency to symmetry, and his name is
linked as “Ivemark’s syndrome” with this constellation of

anomalies [10,15,16]. Polhemus recognized that
asplenia and polysplenia were associated with complex
congenital heart disease. [17]. Polysplenia was

overlooked as a marker of HS until Moller and his
colleagues in 1967 first fully documented the polysplenia
syndrome, in their breakthrough paper they correlated
their own findings with the literature and showed the
relation between polysplenia and bilateral left-sidedness
syndrome. [15,18]. Van Mierop et al. emphasized the
association between asplenia and bilateral right
sidedness [19,20]. Putschar and Mannion referred to a
‘symmetrical situs’ that sometimes exists, exhibiting
symmetrical rightness or leftness on both sides.
Although terminology has evolved, this is probably the
most eloquent description of isomerism in the historical
literature. Van Praagh regrouped these cardiac
malformations into 2 groups, those that are more fre-
quent with asplenia (right isomerism) and theses that
are more associated polysplenia (left isomerism).

Van Mierop [19] described the concept of the
left and right atrial isomerism that was not universally
accepted. [22]. Van Praagh et al. [24] have pointed out
that the concept of bilateral or two right atria and
bilateral or two left atria is anatomically unrealistic
because atrial chambers as a whole are not entirely
isomeric [10] , so this concept of atrial isomerism was
refined to the right and left atrial appendage isomerism
by McCartney and Anderson [25]. Of note, true
isomerism of the atrial appendages (considered in
isolation) has been demonstrated previously. [26].
Therefore, the concept of isomerism of the right and left
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Figure 1. a-Case control, 3D volume of normal situs solitus (28 weeks’ Gestation). The heart and stomach are
on the left; the gallbladder is on the right, liver is predominantly on the right side.

b,c- Dextrocardia , echo-anatomic correlation.
d- Stomach are on the right side , Apex of the heart is on the left.

e,f) Liver in the median position (echo-anatomic correlation), appendix and gall bladder ((white asterisk) are
on the left side, rectosigmoid is on the right side.

g -Nonrotation , the entire small bowel localizing to the right abdomen and colon localizing to the left
abdomen.

h- Liver in the median position (echo-anatomic correlation with g).

i-Grey scale frontal view, showing the characteristic “double-bubble” appearance of the stomach and
duodenum, note that the apex of the heart is toward the stomach i.e. left side.

j- (echo-anatomic correlation with i) D1 first part of duodenum , S stomach , *** Ladd's bands (cause of ob-
struction).

A: Apes of the heart S: Staomach R: Right L: Lefi Li: Liver . H: Hand denting apex of the heart GB:
Gall Bladder.
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| Figure 2. Three-dimensional ultrasound in glass body mode of a parasagittal view

1

:(a)normal venous anatomy, the umbilical vein joins the IVC via ductus venosus and hepatic veins drain
1into the IVC, The IVCthen enters the right atrium, the apex of the heart, and the left hepatic vein are

1 on the same side. cardic apex points toward the spine (dextrocardia).
1
:b,c) fetus with left isomerism and interrupted inferior vena cava with azygos continuity. The inferior

1 vena cava is not identified (location marked by the asterisk).
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1d) The apex of the heart and the left hepatic vein are on opposite sides (arrows) , cardic apex points:
1
| toward the spine (dextrocardia). !
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1(e) The left hepatic vein is directed toward the thorax “liver up” in a case of left diaphragmatic
1 hernia — confirmed by fetopathological examination (f). Case control.

1
1 (f) Fetopathological examination showing “liver up” (echo-anatomic correlation). Note that left hepatic
1 vein is directed toward the thorax

1
! Note that in normal anatomy, the apex of the heart, and the left hepatic vein are on the same side.

| Abbreviations: A, apex of the heart; AO, aorta; AZ, azygos vein; CS, coronary sinus; DV, ductus veno-!
Esus; LHV, left hepatic vein; LSVC, left superior vena cava; PLSVC, persistent left superior vena cava; PV, !
:portal vein; PVs: pulmonary veins; RA, right atrium; RSVC, right superior vena cava; SVC, superior , S :
Ispine . St: stomach. T, thorax; UV, umbilical vein. IVC : inferior vena cava
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Figure 3.

Four-chamber views in four fetuses:

a- Normal cardiac anatomy

b- Normal cardiac anatomy and left atrial isomerism

c-Complex cardiac malformation (AVC) with left atrial isomerism (B).

Note the presence of double vessels in front of the spine in both fetuses (the azygos
vein [AzV] and the descending aorta [AO]), which suggests interrupted inferior vena
cava and left isomerism in both fetuses

d- Axial view of the fetal thorax showing the 4-chamber view of the heart and the
distended esophagus (arrowhead). Esophageal duplication cyst that can be confound
with a dilated Azygos vein, color doppler differentiate between them. Case control.

Abbreviations

MD, Moderator Band RV, right ventricle; LV, left ventricle RV, right ventricle; LA,
left atrium; Ao, aorta.

Az,Azygos vein AVC, Atrio-ventricular Canal.
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Aortic Coacrtation

Figure 4.

a-Three-vessel-trachea view showing the persistent left superior vena cava located left of
the pulmonary artery.

b-Persistent left superior vena cava draining into the dilated coronary sinus and to the
right atrium, the coronary sinus is aneurysmal

c-Three-dimensional ultrasound in glass body mode showing the Azygos vein and Aorta
d- Anomalous hepatic venous drainage directly into the right atrium.

e, f- Aortic coarctation (arrow head), note the presence of coarctation shelf (arrow).
Abbreviations

RA: right atrium AO: aorte UV: umbilical vein AP : Pilmonary artery PV: Portal vein
DV : Ductud venosus
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Figure 5.

a-Fetopathological examination showing dilated azygos

b- Sagittal image demonstrating the dilated azygos vein and azygos arch connecting to the superior ve-
na cava (*).

c-Aortic arche in the same patient, the aortic arche is distinguished from the its branches (arrow heads).
e-Coronal planes of the chest and abdomen in a fetus with left atrial isomerism and interrupted inferior
vena cava showing the azygos vein (AzV) running parallel and posterior to the descending aorta (on
both sides of the spine).

f- Fetopathological examination showing azygos and aorta.
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atrial appendages are therefore more accurate. [10].
Left atrial isomerism syndrome is usually observed in
patients with bilateral left sidedness. Other common
findings are left azygos continuation of the inferior vena
cava, gastrointestinal malrotation, biliary atresia and
absence of the gallbladder and abnormal cardiac or
stomach position. [27,28].

Abbreviations

A, apex of the heart; AO, aorta; AZ, azygos
vein; CS, coronary sinus; DV, ductus venosus; LHV, left
hepatic vein; LSVC, left superior vena cava; PLSVC,
persistent left superior vena cava; PV, portal vein; PVs:
pulmonary veins; RA, right atrium; RSVC, right superior
vena cava; SVC, superior, S : spine. St: stomach. T,
thorax; UV, umbilical vein. VCI, IVC: inferior vena cava.
HV: Hepatic vein.

Absence of the hepatic segment portion of the
IVC with azygos continuation into the right or left SVC is
referred to as an interrupted IVC and it have been
reported as an incidental finding at autopsy as early as
1793 by Abernethy in a 10-month-old infant with
polysplenia and dextrocardia. Moller et al [18]
emphasized the association, [11] and now it is
considered an excellent marker for the presence of left
atrial isomerism. a finding that occurs in about 80%.
Therefore, a careful examination of the IVC should be
performed in the suspected heterotaxy patient. [24,28].
In this condition, the venous drainage from the lower
extremities reaches the superior vena cava via the
azygos vein (azygos continuation) or via the
hemiazygos vein (hemiazygos continuation) emptying
into either a right-sided superior vena cava or into a
persistent left superior vena cava. It can be recognized
by the observation of the aorta and the (dilated) azygos
vein on its right or left side (hemiazygos) either in the
upper abdomen or at the level of the four-chamber view
[31]. Sheley et al [29] described it as the ‘double-vessel
sign” (fig.3) and found it in all eight fetuses with left
isomerism that they examined, but also in one
false-positive case with right isomerism. If the examiner
is aware of this sign, he can easily detect it prenatally
on real-time imaging and confirm it using color Doppler.
Three of our patients presented this sign (figure 3), care
should be taken not to confound it with other conditions
that mimic a ‘double-vessel sign’, for example,
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esophageal duplication cyst, that can be confound with
a dilated azygos vein in 4 chamber view, color doppler
can differentiate between the two conditions. (figure 3
d, ).

Bilateral superior vena cava (SVC) occurs in
about 41 % of cases of left atrial Isomerism and in 36
% cases of asplenia or right atrial Isomerism. [11] A
(PLSVC) was diagnosed in two patients, with 3D
ultrasound and Doppler, we have been able to
reconstruct the 3D anatomy of the persistent left
superior vena cava draining into the dilated coronary
sinus and to the right atrium (figure 4b); moreover,
reconstructing the 3-vessel view, a fourth vessel
(PLSVC) is seen on the left side of the pulmonary artery.
(Figure 4a).). In left atrial isomerism, multiple spleens,
from 2 to 16, can be found, usually along the greater
curvature of the stomach. [12]. Anomalies of midgut
derivatives include nonrotation, incomplete rotation, and
the rare reversed complete or incomplete rotation. [30]

One of our patients had nonrotation with the
entire small bowel localizing to the right abdomen and
colon localizing to the left abdomen and another patient
had incomplete rotation), appendix and gall bladder
((white asterisk) are on the left side, rectosigmoid is on
the right side. (figure 1e, f)

A mismatch between the position of the fetal
stomach and cardiac apex may be one of the first signs
indicating atrial isomerism. [27]. 2 patients had the
stomach in the right side, one of them without
congenital heart disease. (figure 1 d, 3b).

In our previous work [31], we demonstrated
that, in parasagittal view, both left hepatic vein (LHV)
and the apex of the heart are in the same side and
point to the same direction. Thus , the diagnosis of
dextrocardia is achieved by Doppler imaging following
localization of the apex of the heart and axis of the left
hepatic vein, furthermore, in normal position
(levocardia) the cardiac apex is oriented away from the
spine ( figure 2 a) , on the other hand, in dextrocardia,
the cardiac apex is oriented toward the spine (Figure 2
d ), to the best of our knowledge , this the first study
evoking the diagnosis of situs using these parameters
(orientation of cardiac apex with regard to LHV and
spine). Another example demonstrating the utility of this
parasagittal view is shown in (figure 2 e, f), the LHV is
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§Table 1. Summary of patients

Case 1l Case 2 Case 3 Case 4
. i i Levocardia Levocardia
Heart position Dextrocardia Levocardia
Stomach Left Right Right Left
IvC Interruption Interruption No Interruption
Interruption of IVC with
Tupt , ) W Yes Yes Yes Yes
azygos continuation
AVC- Single atrium (SA) AVC
Anomalous hepatic venous Aortic coarc- Aortic arche
Cardiac malformations | drainage directly into the LPSVC tation hypoplasia
right atrium LPSVC Single ventricle
Midline liver Midline liver Midline liver
. . i Polysplenia. Midline liver Intestinal duodenal obstruc-
Digestive anomalies . . . .
Intestinal malrotation nonalrotation | tion from Ladd
Appendix on the right side bands,
Caryotype 46XX 46XY 46XY 46XX
L Delivery at Pregnancy Pregnancy
P
Outcome regnancy termination 27+6 weeks Termination Termination

AVC: Atrioventricular canal, IVC: Inferior vena cava, SVC: Superior vena cava, PLSVC: Persistent left Superior§
vena cava, UV : Umbilical vein, SA: Single Atrium. 3
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pointing in the opposite direction to the cardiac apex i.e.
upwards toward the thorax, a diagnostic clue to
diaphragmatic hernia, in this case e diagnosis was
confirmed by fetopathological examination. In addition,
Grayscale facilitated the diagnosis of situs and
confirmed the diagnosis of dextrocardia and right-sided
stomach and midline position of the liver (figurel).

Any deviation from this standard anatomic posi-
tion (cardiac apex and LHV are in the same side and
point to the same direction i.e. downwards on the other
hand cardiac apex points in an opposite direction from
the spine), using either Galss body mode or power
Doppler or Doppler angiography or greyscale would be
necessities further evaluation. For example, (Figure 2 d)
the cardiac apex and the LHV are in opposite directions
and the cardiac apex points toward the spine, denoting
an abnormal cardiac axis (Dextrocardia), thus using this
parasagittal view, it is possible to diagnose this
abnormality using either Doppler angiography with or
without glass body mode.

Conclusion

Left atrial isomerism is diagnostically challenging
due to complex spectrum of findings. To our knowledge,
this is the first study in which atrial isomerism is evoked
based on study of the cardiac apex, the LHV and
assessment of the vena cava (IVC) in parasagittal view.
In structurally normal heart with levocardia, with
presence of a normal IVC and a right sided stomach, the
chances of having left isomerism would be very low. We
believe that parasagittal view demonstrating the heart
and the abdominal vessels is easy to obtain and
interpret , offer a realistic anatomic image , needs no
mental reconstruction of spatial relationships and is
very beneficial mainly in detecting the situs and
provides an added tool for the diagnosis of other
anomalies and we propose to obtain this view , if not
routinely, in all cases suspected of situs anomalies. We
recommend to use 3D ultrasound and doppler
angiography systematically in suspected cases of left
atrial isomerism, and better understand and interpret
fetal anatomy.
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