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Abstract: A 4-month-old previously healthy baby was found to be in congestive heart failure with LV dysfunction and a right aortic arch with severe coarctation, undetectable by blood pressure measurements. A cardiac CT and central blood pressure led to the diagnosis of a unique anatomic variant of aortic coarctation. Once diagnosed the patient underwent surgery with an uncomplicated recovery.
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Abbreviations



	CoA:
	Coarctation



	LV:
	Left ventricle



	CT:
	Computed tomography



	ER:
	Emergency room



	OR:
	Operative room




1  Case Report

1.1 History of Presentation

A previously healthy 4-month-old girl presented to the emergency department with a recent history of difficulty breathing and reduced oral intake. On examination, the child was tachycardic with a gallop rhythm, tachypneic with reduced peripheral perfusion, and had weak peripheral pulses.

1.2 Past Medical History

Born at term after an uneventful pregnancy with normal antenatal scans. Her perinatal and postnatal course were unremarkable. Parents reported no concerns with feeding or breathing prior to the ER visit.

1.3 Differential Diagnosis

The differential diagnosis included structural heart disease and myocarditis/cardiomyopathy. Tachycardia-induced cardiomyopathy was unlikely, given presenting sinus rhythm. Structural heart disease considerations included valvular aortic stenosis, coarctation, and anomalous left coronary artery from the pulmonary artery. There was no evidence of a valvular lesion and the coronaries were normal.

1.4 Investigations

Chest X-ray (Fig. 1) demonstrated cardiomegaly with pulmonary edema. The electrocardiogram demonstrated T wave inversion in the left lateral leads. Troponin I was 0.48 ug/L (normal high <0.05) and BNP was >5000 ng/L (normal high <37). Echocardiography revealed severe left ventricular dysfunction from qualitative and quantitative assessment with an ejection fraction of 12%, with a dilated left ventricle (LVd z-score +5) and a right aortic arch. Echo imaging of the arch was challenging, however, there was evidence of right arch coarctation on the two-dimensional images and a mild diastolic tail on Doppler interrogation. There was a left sided vessel supplying the descending aorta with laminar flow. Despite these findings, there was no upper/lower limb blood pressure gradient and there was no brachiofemoral difference in palpation of the peripheral pulses. An estimate of the LV systolic pressure, obtained from the mitral regurgitation Doppler jet, when compared to a non-invasive peripheral systolic blood pressure, demonstrated a pressure difference of 50 mmHg between the LV and the peripheral blood pressure measured in the extremities.

Cardiac CT (Figs. 2–4) identified an ascending aorta that gave rise to dilated common carotid arteries and an extremely tortuous and stenotic right aortic arch. The right subclavian artery originated beyond the area of severe arch stenosis with an additional area of narrowing at its origin. Collateral vessels were seen in the right side of the neck. A long and relatively narrow right-sided dorsal aortic root passed in a caudal direction where it was joined by an equally long but larger left-sided dorsal aortic root reflecting ductal flow in utero. The dorsal roots fused below the level of the carina. The descending aorta was also right-sided but crossed to the left at the level of the diaphragm. The left-sided dorsal root remnant supplied an aberrant left subclavian artery, a dilated left vertebral artery, and collateral vessels in the left side of the neck. There was no evidence of a double aortic arch.

Both the right subclavian artery and aberrant left subclavian artery were distal to the coarctation, making the measurement of extremity blood pressures unhelpful and falsely reassuring in determination of an arch gradient. Only the carotid arteries were directly supplied from the ascending aorta. Simultaneous invasive measurements of pressures in the carotid and femoral arteries in the OR revealed a 60 mmHg arch gradient.
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Figure 1: Chest X-ray on admission. Cardiomegaly with marked pulmonary interstitial edema and right basal linear atelectasis
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Figure 2: Cardiac CT—Sagittal oblique maximum intensity projection multiplanar reconstruction (MIP/MPR) on admission. Extremely tortuous and stenotic right aortic arch. Severe discrete coarctation (large arrow). The right subclavian artery originates beyond the area of severe arch stenosis with an additional area of narrowing at its origin (small arrow)
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Figure 3: A coronal 3D reconstruction viewed from posterior, shows stenosis of the right sided arch (large arrow), and stenosis of the proximal right subclavian artery (small arrow). The dorsal aortic roots are long and the left sided dorsal root is larger than the right indicating ductal flow in utero
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Figure 4: An oblique coronal 3D reconstruction viewed from anterior. The ascending aorta gives rise to the two dilated common carotid arteries. A large ductal remnant is present (arrow). The left subclavian is being supplied by the left-sided dorsal root remnant

1.5 Management

To avoid the use of cardiopulmonary bypass in a baby with severe LV dysfunction, surgical management consisted of anastomosis of the left-sided dorsal aorta to the left common carotid artery to re-establish continuity between the ascending and descending aorta (Figs. 5 and 6 from the follow up CT). After completion of this anastomosis, there was a persistent 25 mmHg gradient present between the right common carotid artery and the femoral artery, which was attributed to the small size of the dorsal aorta. Therefore, the entire left-sided dorsal aorta was incised from its origin to its point of confluence with the right-sided dorsal aortic root and patch enlargement was performed. Direct inspection of the dorsal aorta revealed a macroscopically abnormal vessel. Postoperative transesophageal echocardiography showed improved left ventricular function.

2  Discussion

The clinical suspicion and diagnosis of coarctation of the aorta depends primarily on the palpation of peripheral pulses, with differential blood pressures lending further support to the diagnosis. In rare cases, unusual arch anatomy can negate the standard diagnostic modalities. For example, when both subclavian arteries arise distal to the coarctation, pulses and blood pressure will be reduced but symmetric in both arms and legs. Another example than the one we describe is when the usual left sided juxtaductal coarctation involves the origin of the left subclavian artery and the right subclavian artery is aberrant [1,2]. A pulse discrepancy will only be apparent on comparison of the carotid pulses with the brachial or femoral pulses [3]. In an infant, qualitative assessment of the carotids is not routinely done.

To our knowledge, this type of complexity in the aortic arch malformation has only been described in patients with PHACE syndrome [4,5] (Posterior fossa abnormalities, Hemangiomas, Arterial abnormalities, Cardiac abnormalities, Eye abnormalities, Sternal cleft) and arterial tortuosity syndrome. Our case did not fulfil the criteria for PHACE syndrome [4]. Other vessels were not abnormal in morphology as expected in the arterial tortuosity syndrome [6]. This case is consistent with an isolated aortic arch abnormality, albeit a very complex one.

This case presented a diagnostic challenge on several levels. Firstly, the initial suspected diagnosis of typical coarctation did not fit the clinical scenario as the child’s pulses were weak but symmetrically weak in all the extremities. Although there were two dimensional and Doppler echocardiographic evidence of a coarctation, we could not identify the origin of the subclavian arteries adequately, impeding full comprehension of the lesion. Additionally, our initial invasive measurement of arm and leg blood pressures were falsely reassuring against coarctation. Ultimately, the combination of cross-sectional imaging and direct pressure measurement in the carotid artery provided us with definitive answers.

3  Follow Up

The patient’s postoperative course was uneventful. She was extubated on post-operative day 1 and transferred to the cardiac ward on post-operative day 2. She was discharged from the hospital on post-operative day 8 on anti-failure medication that was gradually weaned. At 3-month follow-up, the extended reconstruction is irregular and mildly narrowed with no evidence of recurrent obstruction and the right-sided dorsal root remnant has decreased in size following the repair (Figs. 5 and 6).
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Figure 5: Cardiac CT coronal oblique view 3 months post-operatively. The reconstructed left-sided aortic arch consists of an anastomosis of the left-sided dorsal remnant to the left carotid artery after excision of the ductal remnant (arrow). Irregular left-sided dorsal root course with mild narrowing
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Figure 6: Cardiac CT coronal view 3 months post-operatively. Regression in size of the right-sided dorsal root. Reconstructed left-sided dorsal root is somewhat irregular with a point of mild narrowing

4  Conclusion

We report a case of unusual arch anatomy with coarctation of the aorta and severe LV dysfunction with both subclavian arteries distal to the coarctation and equal blood pressure in the extremities.
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