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ABSTRACT

Background: A one-month-old neonate presented to the
hospital with dyspnea and bloody stool, which happened sud-
denly and progressed over two days.

Case presentation: Computed tomography and three-
dimensional reconstruction of the trachea and heart was
done, demonstrating significant trachea stenosis, aberrant
right subclavian artery arising from Kommerell’s diverticu-
lum, and patent ductus arteriosus. Reconstruction of the
aberrant subclavian artery, resection of the diverticulum, and
ligation of ductus arteriosus was performed.

Conclusion: The case reported a rare combination of
congenital anomalies and rare clinical manifestations at the
same time. We thought the anatomical anomalies caused nec-
rotizing enterocolitis (NEC), which lead to bloody stool.

INTRODUCTION

The brachiocephalic trunk (BCT), left common carotid
artery (LCCA), and left subclavian artery (LSA) from the
proximal arch to distal arch is the typical branching pattern
of the left-side aortic arch (LSAA), and the right common
carotid artery (RCCA) and right subclavian artery (RSA)
are the branch vessels of the BCT. Aberrant right subcla-
vian artery (ARSA) is a variant branch arising from the aortic
arch between the LSA ostium and distal arch, and it is one of
the most common congenital aortic arch anatomical anoma-
lies, which has a prevalence of 8% overall variant patterns
[Natsis 2021]. About 60% of ARSA patients are complicated
with Kommerell’s diverticulum (KD) [Zhou 2017], which is
a diverticulum at the proximal descending aorta of the aortic
arch and gives rise to the aberrant subclavian artery [Tanaka
2015]. The expanded KD may press the adjacent trachea and
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esophagus, causing symptoms of dyspnea and dysphagia. This
case report describes a rare combination of congenital anom-
alies consisting of ARSA with KD and patent ductus arterio-
sus (PDA) in a neonate.

CASE PRESENTATION

A one-month-old male neonate presented to the emer-
gency department with bloody stool and inspiratory dyspnea.
These two main symptoms suddenly happened and progressed
over two days. Other clinical manifestations included retrac-
tion signs of three fossae, feeding difficulties, and decreased
activity. Medical history suggested the baby was a premature
infant, and there were no noteworthy abnormal conditions
with his mother’s pregnancy. Physical examination of the ner-
vous system did not find abnormal signs. Computed tomog-
raphy (CT) and three-dimensional reconstruction of the
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Figure 1. Three-dimensional reconstruction of the trachea demonstrat-
ed significant trachea stenosis (white arrow).
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Figure 2. Three-dimensional reconstruction of the heart revealed four
branches of the aortic arch (RCCA-LCCA-LSA-ARSA in sequence) and
Kommerell’s diverticulum. (LCCA, left common carotid artery; RCCA,
right common carotid artery; LSA, left subclavian artery; ARSA, aber-
rant right subclavian artery; LSAA, left-side aortic arch; KD, Kommer-
ell’s diverticulum)

trachea and heart were performed to identify causes. Thin-
section CT and three-dimensional reconstruction of the tra-
chea showed significant stenosis of the trachea, especially at
the position a little bit above the tracheal bifurcation. (Figure
1) Three-dimensional reconstruction of the heart revealed a
variant pattern of LSAA, which consisted of four branches,
including RCCA, LCCA, LSA, and ARSA from the proximal
aortic arch to the distal arch. And, the origination of ARSA
was dilated and formed KD. (Figure 2) Sight from another
direction revealed a PDA of 3mm, connecting the KD and
right pulmonary artery (RPA). (Figure 3) Thus, the left side
segment of LSAA, retroesophageal KD, ductus arteriosus,
and pulmonary artery composed a vascular ring around the
trachea and esophagus.

Given the clinical features and radiological findings, the
diagnosis of ARSA with KD and combined with PDA was
confirmed. The compression to the trachea from the dilated
KD and vascular ring caused symptoms, including dyspnea,
feeding difficulties, and decreased activity. The bloody stool
was considered secondary to the anatomical anomalies, which
possibly was relevant to anoxia caused by trachea stenosis and
the “diastolic steal phenomenon” caused by PDA. The infant
underwent one-stage surgery, including reconstruction of
ARSA, resection of the KD, and ligation of PDA. A median
sternotomy was performed, and cardiopulmonary bypass was
initiated through aortic and bi-caval cannulation. The patient
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Figure 3. Three-dimensional reconstruction of the heart revealed a pat-
ent ductus arteriosus connecting the Kommerell’s diverticulum and the
right pulmonary artery. (PDA, patent ductus arteriosus; LSAA, left-side
aortic arch; KD, Kommerell’s diverticulum; RPA, right pulmonary artery)

was anticoagulated with 1 mg/kg heparin administered intra-
venously. Antegrade cardioplegia was administered to induce
cardiac arrest. The avascular clamp was placed across the base
of the KD and a portion of the descending aorta, and the por-
tion of ARSA distal to the KD was also occluded, using a vas-
cular clamp. The KD was resected, and the ARSA was then
anastomosed to the opening of the descending aorta where
the KD used to be, that means orthotopic transplantation.
Finally, the ductus arteriosus was ligated at its pulmonary
artery end and aorta end, and then was resected.

Postoperative vital signs were stable and the patient was
discharged home without symptoms of dyspnea. At follow-up
one month later, complete blood count demonstrated normal
cell count and hemoglobin of 134g/L, and cardiac markers,
including troponin, troponin T and CK-MB, returned to
normal. TTE revealed no residual leaks at the PDA level, the
dilation of the base of ARSA had disappeared. No dyspnea or
bloody stool or other complications was found.

DISCUSSION

‘Typical branching pattern (BCT-LCCA-LSA sequence)
of the aortic arch has a prevalence of 78% reported by a
review of cadaveric studies, while variant patterns have 22 %
prevalence [Natsis 2021]. ARSA is a rare congenital anomaly

with a prevalence ranging from 0.7 to 2.0% in the general
population [Dumfarth 2015; Tanaka 2015]. ARSA usually
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originates from a dilated base named KD, which is defined
as a widening of the base of the subclavian artery that is
more than 1.5 times the size of the distal subclavian artery
[Backer 2012]. Considering the high risk of lethal complica-
tions like diverticulum rupture and aortic dissection [Azeem
2021], such patients usually are recommended to undergo
the surgical procedure once KD was found [Mossad 2002;
Kim 2014]. The most common surgical procedure was
resection of the KD and reconstruction or translocation of
ARSA. Many surgical incisions and operations have been
reported. After considering age and the combination of
PDA in this patient, a one-stage operation was decided. A
median sternotomy and orthotopic transplantation of ARSA
were mainly performed.

ARSA with KD is more likely to have pressure symptoms
caused by direct compression from the KD or restriction
from the vascular ring, such as dysphagia, dyspnea, coughing,
chest pain, and right upper extremity ischemia [Stone 2011;
Tanaka 2015]. Due to the absence of elastic tissue in neonates,
the rigidity of the trachea is usually insufficient to resist the
pressure, and dyspnea is more common in pediatric patients.
This corresponded with the respiratory symptom in this case.
Another noteworthy condition was the bloody stool, which
suddenly appeared and disappeared after surgery. Drugs for
the digestive system were not used. In this patient, besides
ARSA with KD, a 3-mm PDA also should be taken into
consideration, thus, the following reasons might conspire to
cause this symptom.

First, duct-dependent systemic circulation, for example,
hemodynamically significant PDA, may lead to impaired mes-
enteric blood flow through a phenomenon named “diastolic
steal” [McElhinney 2000]. Ischemia of the mesenteric artery
causes necrosis of intestinal mucosa, usually leading to bloody
stool. Accordingly, some studies have reported correlation
between congenital heart disease and necrotizing enterocoli-
tis (NEC) in neonates [McElhinney 2000; Motta 2015]. One
multicenter case-control study has considered hemodynami-
cally significant PDA as an independent risk factor for NEC
[El Manouni EI Hassani 2021]. Secondly, decreased oxygen-
ation secondary to the trachea stenosis would also increase
the risk of NEC. Finally, a randomized controlled trial has
confirmed that infants with congenital heart defects appear to
have decreased diversity of gut flora [Ellis 2013]. Though the
correlation between gut flora diversity and NEC has not been
fully studied, it could be speculated that stability of intestinal
environment would reduce, due to the change of gut fora,
and bloody stool may happen. Without an examination of the
digestive system, diagnosis of NEC could not be confirmed,
however, through analysis of clinical manifestation and surgi-
cal findings, a great possibility of NEC caused by congenital
heart defects should be taken into consideration.

CONCLUSION

In summary, this case report described a rare combination
of congenital anomalies, including ARSA with KD and PDA,
while the main clinical manifestations were dyspnea and
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bloody stool. Stenosis of the trachea and NEC secondary to
anatomical anomalies might explain these symptoms. A sur-
gical procedure successfully was performed, and the patient
safely was discharged home.

REFERENCES

Azeem SM, Arif U, Baig R, Khan MI. 2021. "Case report: A rare cause of
chest pain: Kommerell's diverticulum." Int J Surg Case Rep. 86: 106323.

Backer CL, Russell HM, Waurlitzer KC, Rastatter JC, Rigsby CK. 2012.
"Primary resection of Kommerell diverticulum and left subclavian artery
transfer.”" Ann Thorac Surg. 94(5): 1612-1617.

Dumfarth ], Chou AS, Ziganshin BA, Bhandari R, Peters S, Tranquilli
M, Mojibian H, Fang H, Rizzo JA, Elefteriades JA. 2015. "Atypical aortic
arch branching variants: A novel marker for thoracic aortic disease." J
Thorac Cardiovasc Surg. 149(6): 1586-1592.

El Manouni El Hassani S, Niemarkt HJ, Derikx JPM, Berkhout D]JC,
Ballén AE, de Graat M, de Boode WP, Cossey V, Hulzebos CV, van
Kaam AH, Kramer BW, van Lingen RA, Vijlbrief DC, van Weissenbruch
MM, Benninga MA, de Boer NKH, de Meij TG]J. 2021. "Predictive fac-
tors for surgical treatment in preterm neonates with necrotizing entero-
colitis: a multicenter case-control study.” Eur J Pediatr. 180(2): 617-625.

Ellis CL, Bokulich NA, Kalanetra KM, Mirmiran M, Elumalai ], Haapa-
nen L, Schegg T, Rutledge JC, Raff G, Mills DA, Underwood MA. 2013.
"Probiotic administration in congenital heart disease: a pilot study." ]
Perinatol. 33(9): 691-697.

Kim KM, Cambria RP, Isselbacher EM, Baker JN, LaMuraglia GM,
Stone JR, MacGillivray TE. 2014. "Contemporary surgical approaches
and outcomes in adults with Kommerell diverticulum." Ann Thorac
Surg. 98(4): 1347-1354.

McElhinney DB, Hedrick HL, Bush DM, Pereira GR, Stafford PW,
Gaynor JW, Spray TL, Wernovsky G. 2000. "Necrotizing enterocolitis
in neonates with congenital heart disease: risk factors and outcomes."
Pediatrics. 106(5): 1080-1087.

Mossad E, Farid I, Youssef GG, Ando M. 2002. "Diverticulum of Kom-
merell: a review of a series and a report of a case with tracheal deviation
compromising single lung ventilation." Anesth Analg. 94(6): 1462-1464,
table of contents.

Motta C, Scott W, Mahony L, Koch J, Wyckoff M, Reisch J, Burchfield
PJ, Brion LP. 2015. "The association of congenital heart disease with
necrotizing enterocolitis in preterm infants: a birth cohort study." J Peri-
natol. 35(11): 949-953.

Natsis K, Piagkou M, Lazaridis N, Kalamatianos T, Chytas D, Manatakis
D, Anastasopoulos N, Loukas M. 2021. "A systematic classification of

the left-sided aortic arch variants based on cadaveric studies' prevalence."
Surg Radiol Anat. 43(3): 327-345.

Stone WM, Ricotta J]J, 2nd, Fowl R], Garg N, Bower TC, Money SR.
2011. "Contemporary management of aberrant right subclavian arter-
ies." Ann Vasc Surg. 25(4): 508-514.

Tanaka A, Milner R, Ota T. 2015. "Kommerell's diverticulum in the cur-
rent era: a comprehensive review." Gen Thorac Cardiovasc Surg. 63(5):
245-259.

Zhou M, Bai X, Ding Y, Wang Y, Lin C, Yan D, Shi Z, Fu W. 2017.
"Morphology and Outcomes of Total Endovascular Treatment of Type
B Aortic Dissection with Aberrant Right Subclavian Artery." Eur J Vasc
Endovasc Surg. 54(6): 722-728.

E231




