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Abstract: Pentalogy of Cantrell is a congenital anomaly of the median mesodermal constructions with a poor prognosis. It is
characterized by defects of the anterior diaphragm, the lower sternum, the abdominal wall, pericardium, and various congenital heart
malformations. We present a case of ectopia cordis and Pentalogy of Cantrell in a newborn of a healthy 35-year-old woman with no
history of embryotoxic exposure or smoking. The infant was first diagnosed with the anomaly in the second trimester of pregnancy and
was delivered at 35 weeks of gestational age via a caesarian section. Shortly after birth, he was transferred to the neonatal intensive
care unit (NICU) due to progressive respiratory failure, which ultimately, along with septicemia, led to infant death on the second day.
In conclusion, the Pentalogy of Cantrell should be appropriately assessed for effective prenatal counseling and postnatal management
with a multidisciplinary team; since infant survival assessment and early diagnosis give the parents the option of terminating the
pregnancy.
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Plain Language Summary

Pentalogy of Cantrell (POC) is a congenital anomaly with a poor prognosis, especially in developing countries. This syndrome is a
collection of five congenital midline birth anomalies (cardiac malformations, partial absence of the pericardium, anterior diaphragm
hernia, lower sternum defects, and abdominal wall defects) that present a distinctive challenge for surgeons. We present a case of
ectopia cordis and POC diagnosed in the second trimester and delivered by the caesarian section from a healthy 35-year-old gravid 3
with no history of embryotoxic exposure or smoking. Shortly after delivery, the baby was transferred to the neonatal intensive care
unit, and mechanical ventilation was assembled due to progressive respiratory failure. Unfortunately, his general condition deterio-
rated, and he died on the second day. In conclusion, the POC should be appropriately assessed for effective prenatal counseling and
postnatal management with a multidisciplinary team.

Introduction
Pentalogy of Cantrell is a poor prognosis sporadic congenital disorder with an incidence of 1-60:200,000 births, and a
1.3:1 male predominance.'~*

The pentalogy of Cantrell was first mentioned in 1958. It was distinguished by defects of the diaphragm’s anterior
part, the sternum’s lower part, the abdominal wall, the pericardium, and various heart congenital anomalies.” The original
hypothesis attributed to this syndrome is arrest in the development of lateral mesoderm between 14 and 18 days of the
embryonic period since no solitary genetic defect has been associated with it.*

Few patients have presented the full range of the Pentalogy of Cantrell associated with ectopia cordis in the
literature.”>”’ Here, we present a case of Pentalogy of Cantrell associated with ectopia cordis in a male newborn diagnosed
in the second trimester and delivered by the caesarian section.
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Case Presentation

A 35-years-old housewife woman, gravid 3, para 2, was referred to our radiology department after second-trimester
ultrasonography reported omphalocele in her fetus. She had two prior normal vaginal delivery of healthy offspring and
has no previous history of smoking, medical illness, specific medications, or congenital anomalies.

In the 23rd week of gestations, the US showed a small fetal chest with loss of anterior chest wall exposing the heart to
the outside. The US also showed cardiac chambers with a slight loss of configuration, so cardiac anomalies could not be
excluded. These findings were highly suggestive of the Pentalogy of Cantrell. Additionally, the US report supra-umbilical
omphalocele, containing bowel loops and the liver (Figure 1). The amniocentesis was not performed due to family
financial problems.

Magnetic resonance imaging (MRI) revealed an extra-thoracic heart located anterior to the chest cavity with the
possibility of herniation of the left lung, herniated liver through the anterior abdominal wall, and dilated bowel with a
chance of stenosis, atresia; and signs of spinal deformity. The above finding keeps with the Pentalogy of Cantrell and
ectopia cordis (Figure 2).

Parents were thoroughly informed about the situation but preferred to continue the pregnancy since they had been
dealing with secondary infertility for six years.

In the 33rd gestational week, the US showed a male gender and confirmed the diagnosis of Pentalogy of Cantrell and
ectopia cordis.

On the 5th of march 2022 patient arrived in the delivery room at Al-Gumhori Teaching Hospital, Sana’a University,
Sana’a, Yemen. The newborn was delivered with a caesarian section at 35 gestational weeks. The newborn length was
about 46 cm. His weight was about 2100 g. The head circumference was about 30 cm, and the thoracic perimeter was
25cm. In the first and fifth minutes, the newborn received Apgar scores of 3/10 and 6/10, respectively.

Figure | Two-dimensional sonographic examination showed (A) heart and liver extruded through the lower chest and upper abdomen (yellow arrow). (B) Omphalocele
containing liver, intestine, and dilated bowel loops (yellow arrow).

Figure 2 Magnetic resonance imaging (MRI) showed (A) sagittal view shows roots of four pulmonary veins (yellow arrow) and dilated bowels (blue arrow). (B) Sagittal view
shows a four-chamber heart (yellow arrow) and dilated bowel (blue arrow). (C) Coronal view shows extrude liver and dilated bowel outside the abdomen (yellow arrow).
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Figure 4 Shows (A) post-delivery chest x-ray of the patient. (B) Post-delivery computed tomography scan showed the Pentalogy of Cantrell (arrow).

On clinical examination, the neonate had a bulky omphalocele with the liver and bowel loops out of the abdomen and
covered with thick membranous. Maldevelopment of the distal part of the sternum and diaphragmatic hernia were also
observed. The heart was located outside the chest, associated with abnormalities (Figure 3).

Shortly after birth, the infant was admitted to the neonatal intensive care unit (NICU). Mechanical ventilation was
assembled due to progressive respiratory failure, severe respiratory acidosis, and electrolyte imbalance in blood gas
analysis. (Figure 4). Unfortunately, his general condition deteriorated, and he died on the second day due to septicemia
and respiratory failure. We recommended the autopsy examination, but the patient’s family did not accept it.

Discussion
Pentalogy of Cantrell is a severe congenital abnormality first described by James R Cantrell in 1958. The virulence
factors and pathophysiology of Pentalogy of Cantrell are not well understood.®

Mechanical teratogenesis by amnion tissue band adhesion, vascular dysplasia, biological field defects, altered
mesoderm formation during early embryogenesis, and structural compression secondary to chorion or yolk sac breakage
are all theories suggested as the etiology of Pentalogy of Cantrell. Many chromosomal anomalies, primarily trisomy 18,
have also been noted in individuals affected.”'?

The majority of these cases are incidental, with only a few reports of familial cases suggesting a potential autosomal
dominant, sex-linked disorder.'>'*

BMP2 (bone morphogenetic protein 2) gene mutations, according to some researchers, are the main reason for this
condition since these genes are responsible for the normal midline structure development. Aldehyde Dehydrogenase 1
family member A2 (ALDH1A2) on chromosome 15 has recently been linked to the Pentalogy of Cantrell progression.
ALDHI1A2 codes for the enzyme retinaldehyde dehydrogenase type 2, which is required to convert vitamin A into all-
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trans-retinoic acid. Retinoic acid is an essential morphogen for embryogenesis, as it is necessary for pleuroperitoneal
diaphragm formation.'*'>'¢

The Pentalogy of Cantrell manifests variously, ranging from minor to severe forms involving other organ systems.
Additional anomalies, which include abnormalities of the central nervous system, the face, the intestinal system, and the
limbs, are present in up to 28% of individuals affected.'’

Toyama classified the severity of the Pentalogy of Cantrell into three categories in 1972. Class I Pentalogy of Cantrell is a
definite diagnosis in which all five primary defects are existent. Class Il is a likely diagnosis (4 of the five deformities existent),
and Class III is a partial expression with various anomalies but always includes sternal deformities.'® Our case was Class I of
Toyama’s classification, which exhibited all five significant defects and additional primary and minor anomalies.

According to the literature, 80—-100% of patients with Pentalogy of Cantrell have congenital heart defects, and ectopia
cordis has been described in a few cases.® In ectopia cordis, the heart is entirely or partially outside the thoracic cavity. It
is classified into four subtypes based on the anatomic cardiac location: thoracic location (60%), abdominal location
(30%), thoracoabdominal location (7%), and cervical location (3%)."®'? The thoracoabdominal subtype is commonly
associated with Cantrell’s Pentalogy, as seen in our case.?’

Pentalogy of Cantrell and ectopia cordis are listed on the Online Mendelian Inheritance in Man (OMIM) website as
midline defects that may be part of an X-linked ventral midline developmental field complex. Research findings of an
extended family of 14 affected individuals suggest mutations in the X-linked gene ZIC3 (cited on Xq26.3) may be responsible
for a subgroup of patients with ventral midline developmental field defects.’ As a result, we believe that in the presence of both
midline developmental defects and anomalies implying left-right axis alterations, ZIC3 mutations should be considered.

The US could identify this anomaly in the first gestational trimester. The diagnostic characteristics of Pentalogy of Cantrell
in the US are pericardial effusion associated with an anterior diaphragmatic hernia and pericardial diaphragmatic deformities.
Additionally, MRI exams will confirm the diagnosis and establish the fetal anomalies, as seen in our patient.>'**

In our case, the combination of US and MRI has proven to be a valuable diagnostic tool, enabling the most
appropriate way of counseling a pregnant woman and her family. Fetal echocardiography is now used to support the
diagnosis of cardiac abnormalities associated with the Pentalogy of Cantrell.*

The Pentalogy of Cantrell is treated with cardiovascular surgery and palliative surgical corrections of the ventral
hernia, diaphragmatic malformations, and related anomalies. The magnitude of the abdominal wall defect, the mal-
formations in the heart, and the form of ectopia cordis will all impact treatment strategies.23’24

Van Hoorn et al conducted a literature review on 58 patients with Pentalogy of Cantrell. Complete Pentalogy of
Cantrell was presented in 33 patients. 14 patients with ectopia cordis but no congenital cardiac abnormalities, 16 with
intracardiac defects but no ectopia cordis, and 23 with both. 37 of the 58 patients cited, including those whose
pregnancies were terminated, died within a few days of birth. Patients with associated abnormalities and the existence
of the complete form had the highest mortality rate in this group. Ectopia cordi’s patients who survived had intracardiac
abnormalities. This unusual finding might result from the limited number of patients in the study.”> Due to inadequate
facilities in our country, no government support, and no expert pediatric cardiac surgeon, performing any intervention for
this neonate was impossible, and the baby died on the second day.

Conclusion

Pentalogy of Cantrell accompanied by ectopia cordis is a rare phenomenon with a broad range of clinical symptomatol-
ogy and consequences, which demand a multidisciplinary team to be appropriately assessed for effective prenatal
counseling and postnatal management. Prenatal investigations with fetal ultrasonography, fetal MRI, karyotyping, and
genetic counseling for associated anomalies are critical since infant survival assessment and early diagnosis give the
parents the option of terminating the pregnancy.

Ethics and Consent
Written informed consent was obtained from the patient’s family to publish this case report and any accompanying
images. No institutional approval was required to publish the case report.
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