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Introduction

Anomalous aortic origin of the coronary artery (AAOCA) 
is a rare congenital disease in which the coronary artery 
originates from a single opening or 2 independent openings 
of the same aortic sinus. It may be related to sudden cardiac 
death (SCD), and myocardial ischemia is considered 
the potential cause of SCD associated with AAOCA (1). 
Therefore, the early diagnosis and hemodynamic assessment 
of AAOCA are critical for reducing the risk of cardiac death. 
Presently, computed tomography angiography (CTA) and 
invasive coronary angiography (ICA) are commonly used to 
evaluate the anatomical morphology of AAOCA, but these 
are not useful for the hemodynamic detection of AAOCA (2).  
Fractional flow reserve derived from CTA (FFR-CT), a 
specific application in ischemia with coronary arteries, 
can noninvasively explore the hemodynamic changes in a 
patient with AAOCA and determine the relative benefit of 
therapeutic interventions (3,4).

Here, we report a patient with AAOCA who presented 
with postexercise syncope and acute myocardial infarction 
(AMI). We evaluated the hemodynamics of abnormal 
coronary artery detected using FFR-CT. 

Case presentation

An 18-year-old male patient was sent to the emergency 

department due to sudden chest pain, progressive dyspnea, 
and dizziness while running. His lungs were covered 
with massive wet rales. The systolic blood pressure 
was 70 mmHg, and the heart rate was 110 bpm. The 
electrocardiogram revealed a sinus rhythm, a high and 
sharp T wave in leads V1–V6, an elevated ST-segment 
in lead augmented vector left (aVL) a depressed ST-
segment in leads II and III, and augmented vector foot 
(aVF). Echocardiography revealed a segmental wall motion 
abnormality (especially in the inferior posterior wall) and an 
ejection fraction (EF) of 51%. Laboratory findings were as 
follows: creatinine kinase (CK), 8,444 U/L (38–174 U/L); 
creatinine kinase MB (CK-MB), 612 U/L (0–25 U/L); and 
cardiac troponin l (cTnI), 4.19 ng/mL (<0.04 ng/mL). 

The patient had no previous history of the disease or a 
family history of cardiovascular disease or SCD. He had 
previously experienced difficulty in breathing after exercise. 

A chest X-ray of the patient showed acute pulmonary 
edema. The left main coronary artery (LM) ran abnormally 
between the anterior wall of the aorta and the outflow tract 
of the right ventricle, causing severe compression of the 
LM. ICA showed up to 90% stenosis of the opening of the 
LM (Figure 1), while the left anterior descending artery 
(LAD), the left circumflex artery (LCX), and the right 
coronary artery (RCA) were normal. CTA with 3D volume-
rendering reconstruction confirmed that the LM originated 
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from the anterior wall of the aorta (between the right and 
the left sinus) (Figure 2). 

We used a deep learning based FFR-CT technique, 
which can accurately detect coronary artery ischemia (5). 
Since the reconstruction of LM showed severe stenosis and 
failed to match with the FFR-CT analysis, the imported 
image was not successful; thus, we measured the FFR values 
of the 3 branches. Taking the LAD, LCX and RCA within 
2 cm of the opening as the measuring point, we found that 
the FFR of the LAD, LCX, and RCA was 0.75, 0.72, and 
0.96, respectively (Figure 3). 

The patient’s condition continued to worsen after 
symptomatic treatment. The patient died of heart failure  
1 week later. 

All procedures performed in this study were conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013) and were approved by the Human Subjects Review 
Committee at Beijing Anzhen Hospital, Capital Medical 
University, Beijing, China (No. 2013007X). Written 
informed consent was obtained from the patient for 
publication of this case report and accompanying images. 
A copy of the written consent is available for review by the 
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Figure 1 ICA examination. Severe stenosis was detected at the origin of the LM opening (arrows). ICA, invasive coronary angiography; LM, 
left main coronary artery. 

Figure 2 Axial view (A) and 3D volume-rendering image (B) of CTA showing the starting point and the course of the LM (arrow) relative to 
the AO and the PA. LM, left main coronary artery; LAD, left anterior descending artery; LA, left atrium; PA, pulmonary artery; AO, aorta; 
CTA, computed tomography angiography.
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editorial office of this journal.

Discussion

AAOCA is a rare congenital cardiac condition. The varied 
clinical manifestations range from typical chest pain to 
syncope and cardiac arrest, which could cause malignant 
cardiovascular events. In this case, the patient eventually 
died of cardiac insufficiency due to myocardial ischemia, 
indicating the great value of hemodynamic detection with 
FFR-CT.

Although the gold standard for evaluating the 
hemodynamic significance of coronary artery is FFR (6), 
its invasiveness and high-cost limit is more widespread use 
in clinical practice. The DISCOVER-FLOW (Diagnosis 

of Ischemia-Causing Stenoses Obtained Via Noninvasive 
Fractional Flow Reserve), DeFACTO (Determination 
of Fractional Flow Reserve by Anatomic Computed 
Tomographic Angiography, and NXT (Analysis of Coronary 
Blood Flow Using CT Angiography: Next Steps) trials have 
confirmed that FFR-CT has good consistency with FFR in 
the detection of ischemic disease in the coronary artery (7-9). 
In patients with AAOCA, the indication of ischemia by FFR 
remains an important tool for guiding clinical decision-
making. A study showed that conservative treatment may 
be justifiable in adult patients in the presence of normal 
FFR and nonsuspicious symptoms despite the presence of 
an inter-arterial course and/or slit-like orifice (10). Adjedj 
et al. retrospectively enrolled 54 patients with AAOCA, and 
they found that AAOCA was associated with a moderate 
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Figure 3 According to the CTA images, the FFR-CT values of the LAD and LCX caused by the stenosis of the LM were 0.75 and 
0.72, respectively, and the FFR-CT value of the RCA was 0.96. LAD, left anterior descending artery; LCX, left circumflex artery; RCA, 
right coronary artery; CTA, computed tomography angiography; FFR-CT, fractional flow reserve derived from computed tomography 
angiography.
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hemodynamic decrease of FFR-CT values from 1.0 at 
the ostium to 0.90±0.10 downstream the ectopic course 
and 0.82±0.11 distally (11). We applied FFR-CT to the 
presently discussed patient with AAOCA to further confirm 
the hemodynamic manifestations of AAOCA with cardiac 
death in addition to morphology. In this case of AAOCA 
with cardiac death, the FFR-CT of the LAD and LCX was 
consistent with stenosis of the LM, with the FFR-CT being 
<0.8, which might have caused the corresponding ischemic 
symptoms. 

Patients presenting with symptoms such as myocardial 
ischemia need surgical treatment as soon as possible. 
Surgical repair is usually safe, but adverse events such as 
restenosis may occur, and long-term monitoring is essential 
(12,13). Furthermore, FFR-CT may potentially serve as a 
noninvasive detection method in those patients with severe 
cardiac insufficiency.

Conclusions

FFR-CT i s  an  e s sent ia l  too l  for  eva lua t ing  the 
hemodynamics of patients with AAOCA. It can reduce the 
incidence of SCD and guide clinical decision-making and 
prognosis evaluation in these patients. Moreover, young 
patients with coronary heart disease-like symptoms should 
be suspected of AAOCA, and intervention should be 
provided as early as possible to avoid the risk of SCD.
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