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ABSTRACT

Objective: This study aimed to analyze prenatal diagnosis, perinatal outcomes, and postnatal
follow-up in fetuses with ectopia cordis (EC).

Methods: This retrospective analysis accessed 31 patients with EC who were either diagnosed
or referred to a tertiary Fetal Medicine centers for EC diagnosis in Brazil, Germany, Italy, and
Poland. We analyzed prenatal diagnosis, perinatal outcomes, and follow-up in these patients.
Results: Our study included a cohort of 31 fetuses with EC, 4 and 27 of whom had partial and
complete protrusion of the heart through a ventral defect in the thoracoabdominal wall,
respectively. EC was diagnosed by fetal echocardiography at a mean gestational age of
20.3 + 8.6 weeks (range, 8-35 weeks). Of the four cases, in which the karyotype was performed,
all of them had a normal result (1 - 46,XX and 3 - 46,XY). Five patients showed conotruncal
abnormalities and six ventricular septal defects. Termination of pregnancy (TOP) was performed
in 15 cases (48%) and seven pregnant women had spontaneous fetal demise (22.5%). Of the
seven fetuses that were born alive, four of them died, and three infants underwent surgery.
Among these three infants, all of them survived, one was 5 months, 13 years old and 29 years
old at the time of study completion.

Conclusions: Ectopia cordis is associated with high mortality rates and intracardiac/extra-cardiac
defects. Ventricular septal defects and conotruncal anomalies were the more common intracar-
diac defects associated with EC. However, in this cohort of fetuses with EC the incidence of PC
was lower than reported in the literature.
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Introduction Despite being the most frequently identified fetal

Ectopia cordis (EC) is a rare defect where in a portion heart anomaly when present in the first trimester

of the heart or its entirety is located outside the thor-
acic cavity. When the sternum fails to develop, a thor-

ultrasound, EC is usually diagnosed using conventional
ultrasound in the second trimester [4-6]. It can occur

acic wall defect may arise. The annual incidence of EC
ranges from 5.5 to 7.9 per million live births. EC
accounts for 0.1% of all heart defects [1]. In 1671, Neil
Stensen reported the first known case of EC, but only
in 1706, the anomaly was described for the first time
by Haller [2,3].

either in the isolated form or as associated with other
malformations [1]. Internal cardiac anomalies are com-
monly observed in fetuses with EC [7]. The association
between EC and omphalocele may suggest pentalogy
of Cantrell (PC), which consists of a group of anatom-
ical malformations resulting from five midline birth
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defects such as lower sternum and abdominal wall
defects (including omphalocele), anterior congenital
diaphragmatic  hernia, diaphragmatic  pericardial
defects, and intracardiac defects [8,9].

A wide spectrum of anatomical variations can occur
in EC because the heart pulses directly beneath the
skin to completely move out of the cavity. In general,
EC can be categorized depending on the location of
the heart as cervical, cervicothoracic, thoracic, thora-
coabdominal, or abdominal [10]. However, the eti-
ology of EC is not fully understood, and there are
assorted theories. The first theory involves primary fail-
ure of heart descent and midline fusion in early
embryological development. Another theory stated
that EC may occur due to rupture of the chorion
and/or yolk sac, leading to the formation of fibrous
bands that prevent midline fusion because of the
compression. The latest theory affirms that this may
occur due to the lack of a functional bone morpho-
genetic protein (BMP2) gene, which mediates heart
tube formation and ventral body wall closure [3,10,11].

This study aimed to analyze the prenatal diagnosis
of EC, including perinatal outcomes and follow-up, in
an international multicenter cohort of case series.

Methods

Between 1992 and 2021, 31 fetuses with EC were
identified at the Fetal Medicine Unit of tertiary centers
in Brazil, Germany, ltaly, and Poland. EC was defined
as a heart located outside the thorax. Two cases
already have been published previously [4,8].

All fetal echocardiographic examinations were per-
formed by a perinatal cardiologist with similar experi-
ence in fetal echocardiography and reviewed by one
specialist in perinatal cardiology per each participant
center. The examinations were performed through the
transabdominal route. The fetal heart was
examined using standardized imaging techniques
including two-dimensional echocardiography, spectral
Doppler, M-mode, and color Doppler flow mapping.
Fetal echocardiographic and ultrasound data such as
detailed cardiac and extracardiac anomalies were col-
lected from patient’s health records.

Maternal data were collected from archived records
within and outside of the institution. We also collected
data on fetal structural cardiac defects, indication of
echocardiography, whether the EC had complete or
partial protrusion, gestational age at diagnosis, and
diagnosis of non-cardiac fetal abnormalities (both
structural and genetic or chromosomal). Data of peri-
natal outcomes such as termination of pregnancy

(TOP), spontaneous fetal demise, and gestational age
at each event were also collected.

In liveborn patients prenatally diagnosed with EC,
we collected data on the diagnoses of cardiac and
non-cardiac conditions, whether the newborn under-
went cardiac surgery, and the outcomes before and/or
after the procedure. In all liveborn cases, the prenatal
diagnosis of structural heart defects (EC and intracar-
diac defects) was confirmed after birth by echocardi-
ography and afterward the extracardiac malformations
were by postnatal physical examination and imaging
exams. Only three patients had their diagnosis con-
firmed by necropsy (two TOP and one neonatal
death).

Results

Our study included a cohort of 31 fetuses with EC,
four of whom had partial EC and 27 had complete
protrusion of the heart through a ventral defect in the
thoracoabdominal wall. Figures 1 and 2 demonstrate
images of complete and partial EC in both two- and
three-dimensional ultrasound. EC was diagnosed by
fetal echocardiography at a mean gestational age of
20.3 + 8.6 weeks (range, 8-37 weeks) and the mean
maternal age was 28 + 8.4 years (range, 19-42 years).
The patients were referred for fetal echocardiography
about 1-2 weeks after the detection of the EC by
obstetric ultrasonography.

Four fetuses had a normal karyotype; however, 27
fetuses did not have their karyotype analyzed. Some
issues related to genetic testing such as difficulties on
accessing genetic testing in some centers, parental
refusal for genetic material collecting, TOP and spon-
taneous fetal demise may explain the small number of
fetuses whose karyotype were analyzed. Normal karyo-
type tests (4 — 46, XY) were observed in cases 8, 27,
28, and 31. The preimplantation screening test was
performed in case 8, who was a fetus with EC associ-
ated with PC. In cases 27 and 28, the EC was not asso-
ciated with cardiac defects and/or PC.

Regarding to the perinatal outcomes, one patient
was lost of follow-up (case 29). Fifteen mothers
elected to TOP. In almost all of them, the EC was asso-
ciated with intracardiac anomalies and/or PC (cases 5,
7, 11, 13, 17, 18, 20, 21, 22, 23, 27, 28, and 30) neo-
natal death. Figure 3 shows the postnatal images of
the cases 5 and 11. Perinatal outcomes of this cohort
are described in Figure 4 and Table 1.

Four patients had conotruncal abnormalities, i.e.
two had tetralogy of Fallot, one had truncus arterio-
sus, and three had a double-outlet right ventricle.
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Figure 1. #Case 1. (A) Two-dimensional ultrasound in the sagittal view showing the complete ectopia cordis at 33 weeks of gesta-
tion. (B) Three-dimensional ultrasound in the rendering mode showing the ectopia cordis (head arrow) and the omphalocele
(arrow) at 34 weeks of gestation.

Figure 2. #Case 2. Two-dimensional ultrasound in the sagittal (A) and four-chamber (B) views showing the partial ectopia cordis
(arrow) at 29 weeks of gestation.

Figure 3. Immediate postnatal images of the newborns of the #cases 3 (A) and 4 (B) showing the complete ectopia cordis.
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Figure 4. Flowchart demonstrating the EC case series: characteristics and perinatal outcomes. PC: pentalogy of Cantrell; EC: ecto-
pia cordis; n: number of cases; CHD: congenital heart disease; TOP: termination of pregnancy.

Ventricular septal defect was diagnosed in four
fetuses, and in two of them the VSD was associated
with an overriding of the aorta. Indeed, all the types
of intracardiac anomalies associated with EC that were
observed in this data are described in Table 1.

Termination of pregnancy occurred in 15 cases
(48%) and spontaneous fetal demise in seven cases
(22.5%). Only three patients had undergone necropsy,
which confirmed the prenatal diagnosis (cases 1, 27,
and 28).

Seven of 31 fetuses were born alive. Almost all
patients with EC who were born alive were diagnosed
with PC (6/7). Four of them had neonatal death, while
three patients underwent surgery to correct the
defects and all of them survived after surgery. Of the
four neonates who died without surgery, one died
shortly due to severe intracardiac defects (tricuspid
atresia with pulmonary valve stenosis) and the others
did not undergo surgery due to the lack of a team
specialized in EC. Regarding intracardiac defects, these
patients had right ventricle outflow tract defects (one
had tetralogy of Fallot, one had pulmonary valve atre-
sia with VSD, and one had pulmonary artery enlarge-
ment). Neonatal death (shortly after birth) and
intracardiac defects were more prevalent in fetuses
with EC associated with PC than in cases with no PC.
Among the survivors, two of them had PC. Apart from
the PC defects, these patients had a pulmonary artery
enlargement and pulmonary atresia with VSD (cases

15 and 31, respectively). The other newborn had an
omphalocele in addition to the tetralogy of Fallot
(case 26). All of them, successfully underwent surgery,
and one was 5 months, 13 years old and 29 years old
at the time of study completion. All survivals are in a
good condition and the younger one is waiting for
second stage sternum reconstruction. Figure 5 shows
the intraoperative postnatal surgery of the case 3.
Figure 6 shows the magnetic resonance imaging T2-
weight in sagittal view of the case 6. Table 1 summa-
rizes the retrospective cohort of 31 EC cases, including
information on the prenatal diagnosis, perinatal out-
comes, and postnatal follow-up. Associated anomalies,
prenatal diagnosis, perinatal outcomes, and postnatal
follow-up of the 31 cases of EC are demonstrated in
Figure 4 and Table 1.

Discussion

The association of EC and omphalocele may be sug-
gestive of PC but does not constitute the diagnosis.
PC is usually defined as a group of five types of mal-
formations including: omphalocele, anterior congenital
diaphragmatic  hernia, diaphragmatic pericardial
defects, and EC associated with intracardiac defects.
Previous studies have demonstrated that approxi-
mately 75-77% of fetuses with EC have PC [10,12].
Also taking into account the above criteria, our study
showed that only 17 (54.8%) fetuses with EC were
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Figure 5. Intraoperative image of the postnatal surgery of the
#case 3 within the first day of postnatal life.

diagnosed with PC [13]. The other 14 patients had
other congenital anomalies that did not correspond to
PC malformations.

Congenital heart disease is often observed in
fetuses with EC [7]. Previous studies affirm that ven-
tricular septal defects and conotruncal abnormalities
(tetralogy of Fallot and double-outlet right ventricle
were the most common conotruncal anomalies) are
the more common intracardiac defects in EC [12,14].
We found that 12 of 31 patients had these types of
malformations, six with VSD and six with conotruncal
anomalies (two had tetralogy of Fallot, one had trun-
cus arteriosus, and three had a double-outlet right
ventricle). Therefore, conotruncal abnormalities and
VSD were the most frequently detected congenital
heart diseases among our patients.

The gestational age at which EC can be diagnosed
mainly depends on the extent of the malformation
and type of EC; complete EC, with the entire heart
exposed, is more likely to be diagnosed with the cur-
rent screening ultrasound protocols, while the diagno-
sis of thoracoabdominal EC may be more difficult.
Studies have reported that EC cases are diagnosed by
gestational age as early gestation such as 10 weeks
[6,14,15]. Corroborating with data from the literature,
in our study, six fetuses were diagnosed with EC in
the first trimester and all of them with complete EC,
which is consistent with the findings of previously
published literature [4,5,10].

Figure 6. Fetal magnetic resonance imaging of the #Case 6 at
28 weeks of gestation showing the ectopia cordis (head arrow)
and omphalocele (arrow).

EC is associated with high mortality rates, even
when diagnosed in utero. Twenty-seven of all fetuses
culminated in spontaneous fetal demise, stillborn, neo-
natal death, or TOP. In this scenario, it is crucial to
consider that the high rate of pregnancy termination
(almost 50% in our study) is a bias that contributes to
the overestimation EC-related perinatal mortality.
Escobar-Diaz et al. [10] showed in their study that all
non-survivors had complete EC with PC-associated EC,
while all six survivors had partial EC. These authors
also showed that patients with thoracic EC had higher
mortality rates [10]. Smith et al. [12] reported that it is
more likely for patients with better outcomes to have
more limited thoracoabdominal defects, as compared
with EC involving complete protrusion. Conversely, in
our data, the survivors had complete EC and the
majority of them had associated PC. However, the
high rate of pregnancy termination option (nearly 50%
in our study) is a bias that contributes to overestimat-
ing EC-related perinatal mortality.

Even after initial stabilization and corrective surgery,
patients with EC experience considerable postnatal
morbidity and mortality. The features that seem to
influence this result are maturity and birth weight,
suggesting that morbidity may be affected by the
increased risk of infection, underdevelopment of the
lungs, and the immaturity of multiple organ systems.
Smith et al. [12], in a large multicenter cohort with EC,
observed worse outcomes in preterm and very low-
birth-weight infants. Although other studies related to
the outcome might also be influenced by the add-
itional malformation, severity of cardiac and noncar-
diac abnormalities, and surgical timing, these data
were not collected [12]. In our data, all the patients
that underwent surgery were full-term with adequate
birth weight. Among the three newborns that under-
went surgery, all of them survived, and currently they
are still alive.



The postoperative outcome of EC may vary
depending on prematurity, birth weight, type of EC,
and extent of exteriorization of the cardiac defect (EC
involving partial or complete protrusion). Better peri-
natal outcomes have been reported in mild cases of
thoracoabdominal defects [12,16]. Although a variety
of features have been related to the postnatal progno-
sis of corrective surgery for EC, the procedure of plac-
ing the heart back completely inside the thoracic
cavity is, by itself, a great challenge. Compression of
the heart and its great vessels into the neonatal thor-
acic cavity carries a low cardiac output even more in a
small thorax, as in neonates with a low birth weight.
In this setting, Amato et al. [17] suggested placing the
heart partially within the thoracic cavity in the first
stage, and the defect could be reduced slowly over
the following weeks. Indeed, patients with complex
intracardiac defects may have further undergone
another surgical approach by steps [17-22]. In general,
the first stage involves temporary coverage of the
chest wall with a synthetic material, and the second
stage comprises definitive reconstruction with dorsal
muscles, autologous bone, and cartilage grafts, or allo-
plastic materials [21-24]. In three cases of our series
(cases 15, 26, and 31), the surgery was performed
within the first days of postnatal life including the
complete accommodation of the heart into the chest
cavity with successful surgical approach.

Although in the literature there is a unique report
of a patient with EC who survived without surgical
correction, EC is a congenital heart disease that
requires surgical management [6,17,18,25]. Despite the
poor prognosis of EC, there is a chance of survival
when the reconstructive surgery is performed, espe-
cially when the first surgical approach occurs during
the neonatal period [6,12].

Indeed, this article describes main characteristics
(intracardiac and extracardiac associated anomalies)
and the perinatal outcomes of an EC cohort case ser-
ies, being crucial to antenatal parental counseling.

Conclusions

EC is associated with intra and extra-cardiac defects
and high mortality rates. The majority of this cohort of
EC demised due to TOP, spontaneous fetal demise, or
neonatal death. Despite the poor outcome of EC, all
survivors were those who were born alive and under-
went surgery. Similarly, to the literature, in this study,
ventricular septal defects and conotruncal anomalies
were the more common intracardiac defects associ-
ated with EC. However, the incidence of PC was lower
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than reported in the literature. Fetal echocardiography
and cardiac ultrasonography are crucial in the prenatal
assessment of EC enabling detailed in utero diagnosis,
being fundamental to antenatal parental counseling.
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