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Abstract

A right aortic arch (RAA) is an extremely rare congenital anomaly with seven identified variants. While most
variants are asymptomatic, those with a vascular ring can be associated with severe symptoms. We present
an incidental RAA finding during left heart catheterization (LHC) in a 68-year-old female with multiple
morbidities presented with worsening angina. Her echocardiogram was significant for inferolateral wall
akinesia, prompting LHC. The procedure was challenging with an unexpected course of the guide wire
distally behind the cardiac shadow. Pressure tracing confirmed arterial access and contrast injection revealed
RAA. A subsequent aortic computed tomography angiography (CTA) confirmed RAA with mirror-image
branching. Abnormal origin and angle of aortic arch branches pose challenges in choosing the proper access.
We used the right radial artery approach, but the left radial approach may be superior in providing a more
proximal access and avoiding the abnormal origin of the right subclavian artery (RSA). Choosing the
appropriate angiographic view is also of utmost importance, and the right anterior oblique view provided
better visualization in our case. Aortic arch anomalies are confirmed by a CTA or magnetic resonance
angiography (MRA) of the aorta. This case underscores the importance of identifying the aortic arch
anomalies and the imposed challenges during the LHC.
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Introduction

A right aortic arch (RAA) is an exceedingly rare congenital vascular anomaly with an incidence rate of 0.1%
[1,2]. RAA manifests when the aortic arch develops to the right of the trachea and esophagus instead of the
typical left-sided positioning. Seven distinct variants of an RAA have been reported in the literature [1]. An
RAA with mirror-image branching is the second most common variant, coming after the RAA with an
aberrant left subclavian artery (LSA) [2].

RAA variants can be variably associated with another cardiac anomalies. However, unlike our presented
case, an RAA with mirror-image branching is associated with other cardiac defects in 98% of the cases, such
as tetralogy of Fallot, pulmonary atresia, or truncus arteriosus [1]. RAA anomalies are usually asymptomatic
unless associated with vascular rings or intracardiac anomalies [1-3].

In an RAA with mirror-image branching, the LSA and left common carotid (LCC) arteries originate from the
left innominate artery (LIA), which originates most proximally from the arch. The LIA is followed by the right
common carotid, and the most distal arch branch will be the right subclavian artery (RSA) [4]. Understanding
the intricate anatomy of RAA branches is of paramount importance for interventionalists. Expected
procedural challenges during left heart catheterization (LHC) in patients with an RAA include an extended
procedural duration and potential difficulties in achieving successful LHC [5]. In this case report, we present
an incidental finding of an RAA during the LHC procedure and discuss the observed findings and the
imposed challenges during LHC.

Case Presentation

We present a 68-year-old female patient with a past medical history notable for heart failure with preserved
ejection fraction, essential hypertension, type II diabetes mellitus, and obstructive sleep apnea. The patient's
primary complaint was exertional left-sided chest tightness and shortness of breath, which was relieved with
rest. Physical examination revealed trace bilateral pitting edema in the lower extremities but was normal
otherwise. Laboratory test results were largely within normal limits, except for a high-sensitivity troponin
level of 26, which subsequently trended down. The electrocardiogram displayed sinus rhythm, along with
first-degree atrioventricular block, right bundle branch block, and a heart rate of 88 beats per minute.

An echocardiogram showed focally abnormal left ventricular (LV) systolic function with akinesia in the
inferolateral wall (Figure ), LV ejection fraction of 55%, concentric left ventricular hypertrophy, and dilated
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left atrium (Figure 2).

FIGURE 1: Two-chamber view echocardiogram showing the left
ventricle and the left atrium.

A. Displays the left ventricle during systole with akinesia in the inferolateral segment (red-dashed circle). B.
Displays the left ventricle expanding during diastole.
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FIGURE 2: Apical four-chamber view echocardiogram showing left atrial
dilation and left ventricular hypertrophy.

Given the patient's clinical history and abnormal echocardiographic findings, a decision was made to
proceed with an LHC to assess for coronary artery disease. During the LHC, an unexpected deviation of the J-
wire across the LV shadow in a right paraspinal position prompted concerns about abnormal vascular
anatomy. Arterial pressure tracing confirmed the catheter's arterial position and contrast revealed the
presence of an RAA (Figure 3). Subsequent attempts to access the ascending aorta while using the left
anterior oblique view proved unsuccessful. A right anterior oblique view was then employed, which provided
enhanced visualization of the RAA course, leading to a successful LHC. No significant coronary artery
disease was revealed during the procedure. Aortic computed tomography angiography (CTA) was done

later after discharge and confirmed the presence of an RAA with mirror-image branching (Figure 4).
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FIGURE 3: Left anterior oblique view during left heart catheterization
showing the guide wire diving downward in the right side of the chest
suggesting the right-sided orientation of the aortic arch.
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FIGURE 4: Computed tomography angiography showing the right-sided
orientation of the aortic arch (red dashed line) with mirror-image
branching.

Aortic arch branches from proximal to distal: a: left innominate artery, b: left subclavian artery, c: left common
carotid artery, d: right common carotid artery, e: right subclavian artery.

Discussion

Selecting the most appropriate vascular access route is the initial challenge encountered when performing
LHC in patients with abnormal aortic arch anatomy. Generally, the transradial approach is preferred over the
femoral artery approach in LHC due to its association with fewer bleeding complications [6]. Specifically, the
right radial artery is favored over the left due to its ergonomic suitability for right-handed operators [7,8].

However, the inherent complexity and unpredictable nature of the RAA and its variants compound the
challenge of achieving successful LHC. Each variant has its own challenges. Given the reverse branching in
an RAA with mirror-image branching, the femoral artery and left radial artery approaches may be superior,
providing a more proximal access and avoiding the abnormal direct and acute-angle origin of the RSA, as the
guide wire may selectively dive into the descending aorta in the RSA approach [9,10].

In our presented case, the right radial approach was utilized. The unexpected downward deviation across the
LV shadow indicated that the guide wire had exited the origin of the RSA, following a path toward the
descending aorta rather than proceeding as expected toward the ascending aorta, requiring multiple
manipulation attempts. This deviation was primarily attributed a the abnormal origin and angulation of the
RSA. Another challenge encountered in achieving a successful LHC in RAA patients is obtaining an adequate
radiographic view. In our case, the left anterior oblique was inadequate, whereas the right anterior oblique
view provided a better visualization and proved to be more helpful in accessing the ascending aorta. Both
challenges contributed to prolonged procedural time; however, no periprocedural complications were
encountered.

Ultimately, when such anomalies are encountered during the procedure, confirmation through CTA or MRI
angiography is necessary to gain a clear understanding of the arch anatomy. If an RAA is suspected based on
prior chest X-rays or CT scans, it is necessary to perform a dedicated CTA to identify the anomaly before
proceeding with the LHC. Multidetector CT scanning has recently emerged as the gold standard for
diagnosing RAA, with MRI angiography representing a viable alternative [3,11]. In our case, the LHC did not
reveal ischemic or stenotic lesions in any of the coronary arteries, and no interventions were done during
the procedure. The CTA was ordered as an outpatient, which confirmed the presence of RAA with mirror-
image branching as illustrated above in Figure 4. The patient received intravenous furosemide inpatient
until euvolemia was achieved. After discharge, she was seen by the cardiology team and reported being
symptom-free. The outpatient cardiology team further optimized the guideline-directed medical therapy for
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the cardiomyopathy, without plans for additional workup or future interventions.

Conclusions

This case underscores the importance of considering the variations in vascular anatomy, such as an RAA,
when encountering unexpected challenges during the LHC. This includes choosing the appropriate vascular
access and obtaining the optimal angiographic view. Furthermore, the case highlights the significance of the
multimodal diagnostic approach to ensure thorough evaluation, identify the high-risk variants, and facilitate
successful intervention in a timely manner when warranted.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Firas Anaya, Anibelky Almanzar, Anas Alameh, Christopher Cunningham, Aisha Siraj
Acquisition, analysis, or interpretation of data: Firas Anaya, Anas Alameh
Drafting of the manuscript: Firas Anaya, Anibelky Almanzar, Anas Alameh, Christopher Cunningham

Critical review of the manuscript for important intellectual content: Firas Anaya, Anas Alameh, Aisha
Siraj

Supervision: Aisha Siraj

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Kanne JP, Godwin JD: Right aortic arch and its variants. ] Cardiovasc Comput Tomogr. 2010, 4:293-300.
10.1016/j.jcct.2010.07.002

2. Hanneman K, Newman B, Chan F: Congenital variants and anomalies of the aortic arch . Radiographics.
2017, 37:32-51. 10.1148/rg.2017160033

3. Tiirkvatan A, Biiyiikbayraktar FG, Olger T, Cumhur T: Congenital anomalies of the aortic arch: evaluation
with the use of multidetector computed tomography. Korean ] Radiol. 2009, 10:176-84.
10.3348/kjr.2009.10.2.176

4. McElhinney DB, Hoydu AK, Gaynor JW, Spray TL, Goldmuntz E, Weinberg PM: Patterns of right aortic arch
and mirror-image branching of the brachiocephalic vessels without associated anomalies. Pediatr Cardiol.
2001, 22:285-91. 10.1007/s002460010231

5. Moorthy N, Ananthakrishna R, Rao DP, Hegde M, Nanjappa MC: Right aortic arch with left-sided arteria
lusoria: a challenge for radial interventionalists. JACC Cardiovasc Interv. 2017, 10:e85-6.
10.1016/j.jcin.2017.02.017

6. Doyle BJ, Ting HH, Bell MR, et al.: Major femoral bleeding complications after percutaneous coronary
intervention: incidence, predictors, and impact on long-term survival among 17,901 patients treated at the
Mayo Clinic from 1994 to 2005. JACC Cardiovasc Interv. 2008, 1:202-9. 10.1016/j.jcin.2007.12.006

7. Guédes A, Dangoisse V, Gabriel L, Jamart J, Chenu P, Marchandise B, Schroeder E: Low rate of conversion to
transfemoral approach when attempting both radial arteries for coronary angiography and percutaneous
coronary intervention: a study of 1,826 consecutive procedures. ] Invasive Cardiol. 2010, 22:391-7.

8.  Will M, Weiss TW, Weber M, et al.: Left vs. right radial approach for coronary catheterization: Relation to
age and severe aortic stenosis. Front Cardiovasc Med. 2022, 9:1022415. 10.3389/fcvm.2022.1022415

9. Patel T, Shah S, Pancholy S: Coronary cannulation through mirror-image right aortic arch during right
transradial approach: a rare case report with review of literature. | Invasive Cardiol. 2012, 24:234-5.

10.  Shapiro M, Raz E, Nelson PK: Aortic arch variants: a practical guide to safe and timely catheterization .
Interv Neurol. 2018, 7:544-55. 10.1159/000491940
11. Kimura-Hayama ET, Meléndez G, Mendizéabal AL, Meave-Gonzalez A, Zambrana GF, Corona-Villalobos CP:

Uncommon congenital and acquired aortic diseases: role of multidetector CT angiography . Radiographics.
2010, 30:79-98. 10.1148/rg.501095061

2024 Anaya et al. Cureus 16(4): €57802. DOI 10.7759/cureus.57802 6 0of 6


https://dx.doi.org/10.1016/j.jcct.2010.07.002
https://dx.doi.org/10.1016/j.jcct.2010.07.002
https://dx.doi.org/10.1148/rg.2017160033
https://dx.doi.org/10.1148/rg.2017160033
https://dx.doi.org/10.3348/kjr.2009.10.2.176
https://dx.doi.org/10.3348/kjr.2009.10.2.176
https://dx.doi.org/10.1007/s002460010231
https://dx.doi.org/10.1007/s002460010231
https://dx.doi.org/10.1016/j.jcin.2017.02.017
https://dx.doi.org/10.1016/j.jcin.2017.02.017
https://dx.doi.org/10.1016/j.jcin.2007.12.006
https://dx.doi.org/10.1016/j.jcin.2007.12.006
https://www.hmpgloballearningnetwork.com/site/jic/articles/low-rate-conversion-transfemoral-approach-when-attempting-both-radial-arteries-coronary-ang
https://dx.doi.org/10.3389/fcvm.2022.1022415
https://dx.doi.org/10.3389/fcvm.2022.1022415
https://www.hmpgloballearningnetwork.com/site/jic/articles/coronary-cannulation-through-mirror-image-right-aortic-arch-during-right-transradial-pati
https://dx.doi.org/10.1159/000491940
https://dx.doi.org/10.1159/000491940
https://dx.doi.org/10.1148/rg.301095061
https://dx.doi.org/10.1148/rg.301095061

	Navigating the Unexpected: Right Aortic Arch Unveiled During Left Heart Catheterization
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Two-chamber view echocardiogram showing the left ventricle and the left atrium.
	FIGURE 2: Apical four-chamber view echocardiogram showing left atrial dilation and left ventricular hypertrophy.
	FIGURE 3: Left anterior oblique view during left heart catheterization showing the guide wire diving downward in the right side of the chest suggesting the right-sided orientation of the aortic arch.
	FIGURE 4: Computed tomography angiography showing the right-sided orientation of the aortic arch (red dashed line) with mirror-image branching.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


