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Background An aorta-right atrial tunnel (ARAT) is a rare congenital cardiac anomaly that connects the aorta at any coronary sinus to the right 
atrium. Its cause remains unclear and may involve abnormal origins of the coronary arteries. There is no established link between 
ARAT and mitral valve prolapse (MVP). Diagnosing ARAT can be challenging, often necessitating multiple imaging techniques, while 
its management is complex and is further complicated by the association with MVP in our patient.

Case summary We report a case of a 46-year-old man admitted for dyspnoea and palpitations. Thirteen years prior, he had been diagnosed with a 
cardiac murmur. Echocardiography revealed ARAT and MVP complicated by a flail leaflet and severe regurgitation. AngioCT con
firmed the right coronary sinus as the origin of the ARAT and demonstrated the right coronary artery (RCA) arising deep within the 
tunnel. Cardiac catheterisation identified unclassified pulmonary hypertension due to a left-to-right shunt, along with severe mitral 
regurgitation. Given the unfavourable anatomy for interventional treatment and the patient’s decline in surgery despite multiple 
consultations, our team opted for conservative management. Currently, the patient’s clinical status and echocardiographic para
meters remain stable.

Discussion ARAT is a complex congenital disorder that presents diagnostic and treatment challenges, requiring multimodal imaging and team
work. Since the RCA originates deep within the tunnel and is associated with MVP complicated by flail leaflet and severe regurgi
tation, we recommend surgical intervention as the appropriate treatment approach. Considering the patient’s preferences, 
conservative treatment was chosen.
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Learning points
• The aorta-right atrium tunnel (ARAT) is a rare congenital condition that may be linked to other cardiac anomalies. While no cases have yet 

associated it with mitral valve prolapse, such a connection is possible due to shared extracellular matrix abnormalities.

• A collaborative approach using multimodal imaging is essential for understanding clinical challenges and determining the best management 
strategy.

• The treatment strategy of the ARAT depends on the tunnel’s size, sharp U-turns, and the origin of the coronary artery, along with other 
associated anomalies.

Introduction
The aorta-right atrial tunnel (ARAT) is a rare congenital anomaly that 
creates communication between the aorta and the right atrium 
(RA).1–4 It features a tunnel-like extracardiac structure that acts as a 
left-to-right shunt and should be considered in the differential diagnosis 
of persistent cardiac murmurs.1–4 Although Coto et al.1 first described 
this condition over forty years ago, the exact causes remain unclear.1

This anomaly’s complexity is further heightened by its association 
with abnormal coronary artery origin and mitral valve prolapse 
(MVP). Therefore, a multimodal imaging approach is crucial for an ac
curate diagnosis and the best treatment strategy choice.

Summary figure

Case presentation
We present the case of a 46-year-old male who was admitted to our 
hospital with palpitations and shortness of breath during mild exertion. 
His medical history notes an asymptomatic systolic murmur indicated 
at the age of 17, with no other reported cardiovascular abnormalities 
at that time. After that, he was lost to follow-up. Upon admission, 
the physical examination revealed dyspnoea with minimal exertion 
and mild ankle swelling. Cardiac auscultation indicated an apical systolic 
murmur graded at 4/6 and a continuous murmur at 3/6 at the right 
parasternal border. His vital signs were stable: a regular heart rate of 
85 beats per minute, a blood pressure of 125/80 mmHg, and an oxygen 
saturation of 97% on room air. Upon auscultation, lung fields were clear 
bilaterally, and no significant abnormalities were noted on the chest 
X-ray. Routine blood tests showed normal results, except for an ele
vated level of NT-proBNP at 700 pg/mL (normal range: <125 pg/mL). 
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The electrocardiogram revealed sinus rhythm, premature supraventri
cular beats, left atrial (LA) enlargement, and right ventricular (RV) 
hypertrophy.

Transthoracic echocardiography revealed a continuous turbulent 
flow on colour Doppler examination, likely directed from the right cor
onary sinus to the roof of the RA (Figure 1A and B). Additionally, MVP 
with severe regurgitation was observed. The LV was dilated with 
LVEDV of 172 mL and LVESV of 73 mL but maintained a preserved 
ejection fraction (LVEF of 58%) and severe dilated LA with an LAVi 
of 85.9 mL/m2. The right heart chambers (RV and RA) were dilated, 
showing mild systolic dysfunction (RV fractional area change of 35%), 
moderate tricuspid regurgitation, and pulmonary hypertension (PH), 
indicated by a systolic pulmonary artery pressure (PAP) of 51 mmHg. 
Transesophageal echocardiography showed that the turbulent flow 
likely resulted from a connection between the right coronary sinus 
and the RA (Figure 1C and D; Supplementary material online, Videos 
S1 and S2), with a flow velocity of 5.2 m/s at the drainage orifice of 
the RA (Figure 1E). The mechanism of severe mitral regurgitation 
(MR) due to the flail of the P1 scallop and prolapse of the P2 and P3 
scallops was also identified (Figure 2).

Cardiac catheterisation conducted for haemodynamic assessment 
revealed a left-to-right shunt with a flow ratio (Qp: Qs) of 1.80 and un
classified PH [mean PAP was 25 mmHg, the pulmonary capillary wedge 
pressure was 15 mmHg, and the pulmonary vascular resistance (PVR) 

was 1.03 Wood units]. Additionally, coronary angiography showed a 
normal origin of the left main coronary artery, while a large tunnel ori
ginating from the right coronary sinus flowed into the RA without iden
tifying the origin of the right coronary artery (RCA).

We performed a computed tomography angiography that showed 
an extracardiac anterior-type tunnel originating from the anterior as
pect of the ascending aorta at the level of the right coronary sinus. 
After running in an anteroinferior direction, the tunnel makes a sharp 
U-turn, redirecting the passage towards the roof of the RA. It travels 
along the posterior side of the interatrial septum and is oriented to
wards the RA just above the entrance of the inferior vena cava. The dis
tal part of the tunnel is narrower than the initial segment and drains into 
the RA through a restrictive opening (see Figures 3 and 4 and 
Supplementary material online, Video S1). This design protects the pul
monary circulation from high pressure, maintaining normal PVR. The 
RCA originates from the tunnel near the U-turn (Figure 3E). Due to 
the RCA’s abnormal origin, surgical closure of the tunnel was neces
sary, along with reimplantation of the coronary artery into the respect
ive sinus of Valsalva. Even if the atrial end had the proper dimensions, 
potential rupture and retrograde RCA thrombosis could complicate 
percutaneous closure. Furthermore, due to the associated severe 
MR, surgical treatment was the recommendation for our patient.

After reviewing the clinical, anatomical, and haemodynamic data, 
our multidisciplinary team concluded that surgical treatment would 

Figure 1 2D and colour Doppler transthoracic echocardiography: parasternal short-axis (A) and modified four-chamber view (B) both show con
tinuous turbulent flux on colour Doppler examination (white arrows), probably from the aortic root to the RA roof towards the tricuspid valve. 2D 
modified mid-esophageal long axis and short-axis view: aortic root (Ao) to the RA tunnel (ARAT), originating from the right coronary (RCS) sinus and 
turning towards the RA (C ). The atrial outlet segment of the U-turn ARAT on colour Doppler (D). Continuous systolic-diastolic flow with a systolic 
velocity of 5.2 m/s in the ARAT (E). Ao, aorta; ARAT, aortic root to the right atrial tunnel; LA, left atrium; LV, left ventricle; RA, right atrium.
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Figure 2 Transesophageal echocardiography evaluation of the mitral valve. (A) 2D and colour Doppler transesophageal echocardiography at mid- 
esophageal level—severe MR with eccentric jet due to posterior leaflet prolapse. (B) 3D atrial view of the MV showing flail of the P1 scallop (arrow) and 
prolapse of the P2 and P3 MV scallops.

Figure 3 Computed tomographic angiography illustrates a large ARAT originating from the right coronary sinus (A, B). It takes an anterior initial 
course, followed by a first U-turn with anterior convexity, changing direction towards the RA. It then proceeds along the posterior side of the interatrial 
septum (C ), turning off to the superolateral side of the RA (D). (E, F ) 3D CT reconstruction of the ARAT (stars show its entire course) also shows the 
coronary arteries’ origins. Ao, aorta; AoR, aortic root; ARAT, aorta right atrial tunnel; IVC, inferior vena cava; LV, left ventricle; LMA, left main artery; 
RA, right atrium; RAA, right atrial appendage; RCA, right coronary artery.
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be optimal. Despite multiple consultations and the risk of future 
Eisenmenger’s syndrome, the patient declined surgery. Consequently, 
our teamwork considered the interventional approach for the ARAT 
and severe MR. However, the ARAT anatomy was unfavourable for oc
clusion by intervention. Furthermore, based on current guidelines and 
complicated mechanisms of severe MR—including P1 flail and P2 and 
P3 prolapse—we determined that the interventional approach carries 
both short—and long-term, high-risk complications in a young patient. 
Therefore, we decided to proceed with conservative management. 
Currently, the patient’s clinical status remains stable, and the echocar
diogram parameters showed no changes during the 3-and 6-month 
follow-ups. However, we will continue to emphasize the potential ben
efits of surgical treatment during future follow-up meetings.

Discussions
To the best of our knowledge, this is the first case in the literature de
scribing the association of the ARAT and the RCA anomaly with the 
MVP and severe regurgitation.

ARAT is a rare pathological condition characterised by an extra
cardiac connection between any coronary sinus and the RA. It was 
first described by Coto et al.1 in 1980. The tunnel can be classified 
as either anterior or posterior, depending on which side of the aorta 
it originates from.4 The tunnel typically curves sharply, making a 

U-turn to connect to the roof of the RA. Additionally, the coronary 
artery can arise from any segment of the tunnel, usually either before 
the U-turn or near the tunnel’s origin.4 Notably, we could distinguish 
the ARAT from the coronary cameral fistula based on normal calibre, 
abnormal origin from the tunnel, normal termination of the ipsilateral 
coronary artery, and the absence of intramyocardial coronary artery 
branches. We could also differentiate the ARAT from the sinus of the 
Valsalva aneurysm rupture, as the tunnel had an extracardiac 
course.1–4

Limited information is available regarding the etiopathogenesis of 
this abnormality.1–6 Gajjar et al.3 suggested that ARAT may result 
from a congenital deficiency in the external elastic lamina, which weak
ens the aortic wall.3,4 This weakness leads to the gradual enlargement 
of the tunnel due to high systolic aortic pressure, which drains into the 
RA, a low-pressure cardiac cavity located nearby. This theory accounts 
for the tunnel’s course, which is directed posteriorly from the left cor
onary sinus (the most common origin) and anteriorly from the right 
coronary sinus. Considering this etiopathogenesis, the association be
tween ARAT and MVP may not be coincidental, as similar abnormal
ities in extracellular matrix components could contribute to both 
conditions.3,4,7 Thus, a genetic disorder may underlie both cardiac 
abnormalities. Genetic testing could provide further insight into the 
etiopathogenesis of ARAT; however, an association between ARAT 
and MVP has not yet been documented. Notably, our patient declined 
genetic testing.

Figure 4 Comparative imaging of the ARAT through echocardiography and computed tomography. 2D and colour Doppler transthoracic echocar
diography in a modified four-chamber view reveals turbulent flow on the colour Doppler examination (white arrows), likely originating from the aortic 
root to the right atrial (RA) roof, toward the tricuspid valve (A). Computed tomographic angiography, modified four-chamber view, reveals a large 
aorta-right atrial tunnel (ARAT) extending to the superolateral side of the right atrium (RA) (B). 2D and colour Doppler modified mid-esophageal 
short-axis view and computed tomographic angiography: the atrial outlet segment of the U-turn ARAT on colour Doppler (C) proceeds along the 
posterior side of the interatrial septum (D). ARAT, aorta right atrial tunnel; RA, right atrium.

ARAT and mitral valve prolapse with flail leaflet                                                                                                                                                   5



Due to the increased volume overload in both ventricles, the 
clinical presentation can range from an asymptomatic continuous 
murmur to more complicated and symptomatic forms of heart failure 
and PH.1–3,8–13 Additionally, a flail leaflet may exacerbate MR and its 
associated symptoms. Without any inflammatory signs, myxomatous 
degeneration of the MV is likely the cause of the flail leaflet.14

We employed various imaging techniques to perform a precise ana
tomical and haemodynamic evaluation of the ARAT. These techniques 
included transthoracic echocardiography, transesophageal echocardi
ography, cardiac catheterisation, and computed tomography angiog
raphy. This comprehensive approach enabled us to diagnose the 
condition accurately, distinguish it from the more common aorta-right 
atrium communication, and identify the most effective treatment. The 
management strategy is determined by the tunnel’s type, size, and path
way; the location of the origin of the coronary artery in relation to the 
aortic end, and other associated cardiac anomalies.3,8–16

In our patient, congestive heart failure appears to be caused by volume 
overload resulting from both the left-to-right shunt and severe MR. This 
condition is likely worsened by the spontaneous rupture of the chordae, 
leading to a flail P1 leaflet. However, the percutaneous management was 
unfavourable considering the complex anatomy of the ARAT associated 
with abnormal coronary artery origin and the P2, P3 MVP complicated by 
the P1 flail in a young patient.3,8–16 Therefore, the surgical approach was 
the choice of our teamwork. Nonetheless, the surgical strategy for our 
patient is complicated and involves both mitral valvuloplasty and surgical 
closure of the ARAT with reimplantation of the RCA.

Conclusions
Our case emphasizes the need for a multimodal imaging approach to 
accurately diagnose complex congenital cardiac diseases. ARAT and 
coronary artery anomalies are associated with MVP complicated by a 
flail leaflet. A comprehensive multimodal imaging strategy and a multi
disciplinary team aim for optimisation management. Clinical manage
ment options were discussed with the patient, and the patient’s 
informed preferences guided subsequent treatment decisions.
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