Case Report
Successful Patent Ductus Arteriosus Transection for a Rare Vascular Ring by Right Aortic Arch with Aberrant Left Innominate Artery in an Extremely Low-Birth Weight Infant
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A right aortic arch with aberrant left innominate artery is a rare vascular ring. There have been no successful surgical reports of extremely low-birth weight infants with this anomaly. A 1-month-old girl weighing 0.9 kg was referred to our hospital for surgical treatment of a patent ductus arteriosus. Echocardiography and three-dimensional reconstruction of enhanced chest computed tomography indicated right aortic arch with aberrant left innominate artery encircling the esophagus and the trachea. Transection of the duct, but not clipping, was successfully performed, and the postoperative course was uneventful. This report describes the first successful surgical case of an extremely low-birth weight infant with the very rare vascular ring.
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Introduction
A right aortic arch with aberrant left innominate artery is a rare form of vascular ring. To date in the literature, only 10 reports or so documented this circumstance.1, 2) Furthermore, to the best of our knowledge, there have been no published reports on a successful surgical approach in an extremely low-birth weight infant with this abnormality.
Here, we report a case of successful transection of the left-sided patent ductus arteriosus (PDA) to treat a complete vascular ring in such a small infant. Written informed consent for publication was obtained from the parents.

Case
The patient was a 32-day-old girl weighing 0.9 kg. She was urgently delivered via the cesarean section at 34 weeks of gestation, weighing 788 g, at another hospital. She was immediately intubated due to respiratory failure. Upon investigating her up, the echocardiographic screening revealed a large PDA, resulting in a reversed diastolic flow through the descending aorta. Clinically, her symptoms of heart failure gradually deteriorated. Indomethacin was administered twice on hospital days 10 and 11. Despite the medical therapy, the patient’s symptoms related to PDA (including those probably attributed to renal dysfunction) were getting worse. On hospital day 21, she was transferred to our hospital for further management.
During our preliminary physical examination of the patient, a bounding pulse was palpated and a continuous murmur was audible. The large PDA was reconfirmed on echocardiography, but this imaging modality was unable to illustrate the full extent and course of the PDA due to its tortuosity. Additionally, we suspected that her neck vessel branches were anatomically abnormal. Upon further evaluation, computed tomography angiography (CTA) of the chest with a three-dimensional reconstruction revealed the following: (1) a right aortic arch, and (2) the third (last) arterial branch originating from the descending aorta with the left-sided PDA connected to the pulmonary artery (Fig. 1). The third arterial branch was determined to be the aberrant left innominate artery. This aortic arch malformation formed a complete vascular ring, which compressed the trachea.
[image: ]Fig. 1 Axial view on three-dimensional CTA: Right aortic arch and aberrant LIA with a left-sided PDA connecting to the MPA, forming a complete vascular ring that compressed the trachea

In general, clipping is a typical procedure in premature infants with PDA. In our particular patient, we decided to choose transection of the left-sided PDA via a thoracotomy for immediate decompression of the trachea. During the operation, at first, the right aortic arch and the left innominate artery coursing behind the esophagus were identified. Subsequently, we located the PDA which bridged from the left innominate artery to the pulmonary artery. Eventually, the PDA was divided to interrupt the vascular ring. After surgery, the patient was successfully extubated. The postoperative course was uneventful. Postoperative CTA confirmed that her vascular ring had been relieved (Fig. 2).
[image: ]Fig. 2 Axial view on three-dimensional CTA: The red circle shows the area of PDA transection that relieved the vascular ring


Discussion
Vascular ring is a malformation of the aortic arch wherein the trachea and the esophagus are completely surrounded by vascular structures. The common form is double aortic arch, or right aortic arch with an aberrant left subclavian artery from the diverticulum of Kommerell. The arch abnormality seen in this patient, a right aortic arch with aberrant left innominate artery and left-sided patent ductus arteriosus, is rare. The earliest report of such an example is dated back in 1968.3) Since then, the abnormality has been reported either in isolation4) or in conjunction with other congenital cardiac malformations.5) As for surgical treatment, there have been no reports of successful repair in extremely low-birth weight infants. Our report is the first to document a successful surgical approach in this setting.
The variation of right aortic arch with aberrant left innominate artery arising from the descending aorta was originally explained by the Edwards’ hypothetical model of double aortic arch.2) When the right aortic arch is persistent, there are four patterns in interruption or remnants of the left aortic arch, the latter being designated as the left innominate artery.6) Figure 3 illustrates the major vessels of the vascular ring with a right aortic arch and a right-sided descending aorta.7) Anomalous interruption of the left aortic arch can occur in any of the four positions (A–D). If interrupted at A or B, the remnant of the left aortic arch remains as the Kommerell’s diverticulum (the most common abnormality),8) whereas an interruption at D, as in this case, is especially rare. The latter results from an interruption of the left aortic arch between the ascending aorta and the left carotid artery during embryonic vascular development.9) In this abnormality, the aortic arch lies on the right side of the trachea. The first, the second, and the third branches become the right common carotid, the right subclavian, and the left innominate arteries, respectively. The aberrant left innominate artery arises from the distal aortic arch, passes behind the esophagus, and serves as the origin of the left carotid and the subclavian arteries.10, 11) This abnormality produces a vascular ring, which causes a tracheoesophageal compression. The vascular ring is composed of the right arch on the right side, the left innominate artery at the back, and the pulmonary artery in front. The PDA or ligamentum arteriosum completes the ring on the left side by connecting the left innominate artery to the left pulmonary artery.
[image: ]Fig. 3 Schematic illustration of the right aortic arch and potential sites of interruption(A–D). The dotted line indicates regression of the arch segment. In the present case, interruption occurred at D.

Transection of the PDA is appropriate when the structure forms a vascular ring, rather than usual clipping carried out to treat premature PDA. In such a circumstance, it is pertinent to follow the entire course of the PDA. Since the echocardiography was unable to reveal the whole PDA and the neck vessel branches, CTA was performed to confirm the presence of a vascular ring. This investigation identified the anatomical feature of the vascular malformation in our patient, which was helpful in formulating the definitive strategy and management plan. Furthermore, PDA transection appeared particularly sensible even when the PDA was small, since the risk of compression onto the trachea and the esophagus would be imminent in the future. We re-emphasize that accurate and complete diagnosis of the PDA using CTA is important in the vascular ring variety, and that the PDA can be divided without any complications even in an extremely low-birth weight infant.

Conclusion
Right aortic arch with aberrant left innominate artery is a rare form of vascular ring. In such an occasion, PDA transection is required to decompress the trachea and the esophagus. Our case is the first report of successful repair in an extremely low-birth weight infant with this abnormality.

Informed Consent
Written informed consent for publication was obtained from the parents.
Conflict of Interest
The authors have no conflicts of interest to declare.
1) Faistauer Â, Torres FS, Faccin CS: Right aortic arch with aberrant left innominate artery arising from Kommerell’s diverticulum. Radiol Bras 2016; 49: 264–266

2) Banka P, Geva T, Powell AJ, et al: Images in cardiovascular medicine. Right aortic arch with aberrant left innominate artery: A rare vascular ring. Circulation 2009; 120: 264–265

3) Grollman JH Jr., Bedynek JL, Henderson HS, et al: Right aortic arch with an aberrant retroesophageal innominate artery: Angiographic diagnosis. Radiology 1968; 90: 782–783

4) Calcagni G, Gesualdo F, Brunelle F, et al: An unusual case of left aberrant innominate artery with right aortic arch: Evaluation with high-resolution CT. Pediatr Radiol 2008; 38: 115–117

5) Nakajima Y, Satomi G, Kawamura T, et al: Right aortic arch with aberrant retroesophageal innominate artery: A report of 2 cases and review of the literature. Int J Cardiol 1993; 38: 247–251

6) Garti IJ, Aygen MM, Vidne B, et al: Right aortic arch with mirror-image branching causing vascular ring: A new classification of the right aortic arch patterns. Br J Radiol 1973; 46: 115–119

7) Garti IJ, Aygen MM: Right aortic arch with aberrant left innominate artery. Pediatr Radiol 1979; 8: 48–50

8) Tanaka A, Milner R, Ota T: Kommerell’s diverticulum in the current era: A comprehensive review. Gen Thorac Cardiovasc Surg 2015; 63: 245–259

9) Moes CA, Freedom RM: Rare types of aortic arch anomalies. Pediatr Cardiol 1993; 14: 93–101

10) Jaffe RB: Radiographic manifestations of congenital anomalies of the aortic arch. Radiol Clin North Am 1991; 29: 319–334

11) Lowe GM, Donaldson JS, Backer CL: Vascular rings: 10-year review of imaging. Radiographics 1991; 11: 637–646

OEBPS/nav.xhtml
		Introduction

		Case

		Discussion

		Conclusion

		Informed Consent

		Conflict of Interest

		References

		Bibliography



		Bibliography

		Bibliography

		Body

		References





OEBPS/text/figure2.xhtml
[image: ]Fig. 2 Axial view on three-dimensional CTA: The red circle shows the area of PDA transection that relieved the vascular ring

CTA, computed tomography angiography; LIA, left innominate artery; RCCA, right common carotid artery; RSCA, right subclavian artery.



OEBPS/text/figure3.xhtml
[image: ]Fig. 3 Schematic illustration of the right aortic arch and potential sites of interruption(A–D). The dotted line indicates regression of the arch segment. In the present case, interruption occurred at D.

aAo, ascending aorta; dAo, descending aorta; E, esophagus; LCCA, left common carotid artery; LPDA, left patent ductus arteriosus; LSCA, left subclavian artery; PA, pulmonary artery; RCCA, right common carotid artery; RPDA, right patent ductus arteriosus; RSCA, right subclavian artery; T, trachea.
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[image: ]Fig. 1 Axial view on three-dimensional CTA: Right aortic arch and aberrant LIA with a left-sided PDA connecting to the MPA, forming a complete vascular ring that compressed the trachea

CTA, computed tomography angiography; Inn V, innominate vein; LIA, left innominate artery; LPA, left pulmonary artery; MPA, main pulmonary artery; PDA, patent ductus arteriosus; RCCA, right common carotid artery; RPA, right pulmonary artery; RSCA, right subclavian artery.
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