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Physiological Evaluation of Anomalous
Aortic Origin of a Coronary Artery Using
Computed Tomography—Derived Fractional
Flow Reserve
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Jean-Michel Juliard, MD; Phalla Ou, MD, PhD; Jean-Pierre Laissy ", MD, PhD; Olivier Muller, MD, PhD;
William Wijns “&/, MD, PhD; Pierre Aubry, MD; On behalf of the Abnormal Coronary Origin investigators*

BACKGROUND: With the emergence of coronary computed tomography (CT) angiography, anomalous aortic origin of a coro-
nary artery (ANOCOR) is more frequently diagnosed. Fractional flow reserve derived from CT (FFRCT) is a noninvasive func-
tional test providing anatomical and functional evaluation of the overall coronary tree. These unique features of anatomical and
functional evaluation derived from CT could help for the management of patients with ANOCOR. We aimed to retrospectively
evaluate the physiological and clinical impact of FFRCT analysis in the ANOCOR registry population.

METHODS AND RESULTS: The ANOCOR registry included patients with ANOCOR detected during invasive coronary angiogra-
phy or coronary CT angiography between January 2010 and January 2013, with a planned 5-year follow-up. We retrospec-
tively performed FFRCT analysis in patients with coronary CT angiography of adequate quality. Follow-up was performed with
a clinical composite end point (cardiac death, myocardial infarction, and unplanned revascularization). We obtained successful
FFRCT analyses and 5-year clinical follow-up in 54 patients (average age, 60+13 years). Thirty-eight (70%) patients had con-
servative treatment, and 16 (30%) patients had coronary revascularization after coronary CT angiography. The presence of an
ANOCOR course was associated with a moderate reduction of FFRCT value from 1.0 at the ostium to 0.90+0.10 downstream
the ectopic course and 0.82+0.11 distally. No significant difference in FFRCT values was identified between at-risk and not
at-risk ANOCOR. After a 5-year follow-up, only one unplanned percutaneous revascularization was reported.

CONCLUSIONS: The presence of ANOCOR was associated with a moderate hemodynamic decrease of FFRCT values and as-
sociated with a low risk of cardiovascular events after a 5-year follow-up in this middle-aged population.
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broad spectrum of anatomical variations
Aand anomalies of coronary arteries exists.'
Anomalous aortic origin of a coronary artery
(ANOCOR) is defined as a coronary connection

from the contralateral artery, nonappropriate aortic
sinus, or ascending aorta. Anomalous connections

from the pulmonary artery are beyond the scope of
this study. The estimated prevalence of ANOCOR is
0.5% among patients undergoing invasive coronary
angiography (ICA) and 1.0% among patients under-
going coronary computed tomography angiography
(CCTA).* True prevalence of ANOCOR in the general
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CLINICAL PERSPECTIVE

What Is New?

e (Clinical decision making of patients with anom-
alous aortic origin of coronary arteries remains
challenging.

e FEvaluation of abnormal coronary origin with
fractional flow reserve derived from computed
tomography and long-term follow-up were
performed.

What Are the Clinical Implications?

e Fractional flow reserve derived from computed
tomography evaluation appears feasible in pa-
tients with anomalous aortic origin of coronary
arteries. We observed favorable fractional flow
reserve derived from computed tomography
value and clinical outcome at 5 years.

e Fractional flow reserve derived from computed
tomography could help clinical decision making
in patients with this abnormal coronary anatom-
ical feature.

Nonstandard Abbreviations and Acronyms

ANOCOR anomalous aortic origin of a coronary

artery

FFR fractional flow reserve

FFRCT fractional flow reserve derived from
computed tomography

ICA invasive coronary angiography

population is probably lower, but its detection will in-
crease with the rising use of noninvasive cardiac im-
aging. The clinical impact of ANOCOR is challenging
to predict and varies from none to the risk of sud-
den cardiac death. The general assumption is that
some ANOCOR could induce myocardial ischemia,
because of morphological modifications that appear
as a slit-like ostium shape, acute take-off angle, ec-
topic course narrowing between the great vessels,
and sometimes intramural aortic course. Myocardial
ischemia is infrequently documented by noninvasive
stress tests. Exercise test and stress myocardial
perfusion imaging are often normal in patients with
ANOCOR.5" Invasive evaluation of ANOCOR with
intravascular ultrasound and fractional flow reserve
(FFR) has shown that, within the ectopic course,
the lumen area is mildly to moderately reduced but
changes from a round to an ovoid or elliptical shape,
in most cases without significant decrease in FFR val-
ues.®® However, this strategy is invasive, sometimes
challenging to perform, and cost/time consuming.
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FFR derived from computed tomography (FFRCT) is
an emerging noninvasive technology that provides
anatomical and physiological evaluation of the over-
all coronary tree.”® On the basis of several case re-
ports, FFRCT could be of interest for the evaluation
of ANOCOR vessels."""* We retrospectively analyzed
FFRCT in adult patients included in the ANOCOR
registry between 2010 and 2013, and evaluated clin-
ical outcomes at 5 years (Figure 1).

METHODS

The data that support the findings of this study are
available fromthe corresponding authorand ANOCOR
group on reasonable request. The ANOCOR registry
is a multicentric observational study of young and
adult patients with documented ANOCOR, validated
by an independent committee of cardiologists and
radiologists. This registry included 496 ANOCOR
cases in 472 patients from 71 centers between
January 2010 and January 2013 in France, Greece,
and Switzerland. This cohort has been previously de-
scribed.” The role of the committee was to classify
each anomalous connection of coronary artery (type
of artery, site of connection, ectopic course, and the
presence of coronary artery disease). Therefore, we
defined the type of artery involved: left main artery,
left anterior descending artery, left circumflex artery,
and right coronary artery. Site of connection was
defined according to the connection site from the
contralateral artery, nonappropriate aortic sinus, or
ascending aorta (Figure 2). The ectopic course was
defined as interarterial when proximal coronary ves-
sel is placed between the aorta and pulmonary ar-
tery with or without intramural course. The retroaortic
course was defined when the coronary artery travels
posterior to the aorta. Prepulmonar course was de-
fined when the coronary artery courses forward to
the pulmonar trunk and pulmonar infundibulum. The
retropulmonar course was defined when the coro-
nary artery travels below the pulmonic annulus and
right ventricular outflow tract and courses on the in-
terventricular septum. Ectopic course is defined as
the coronary path between the ostium and the point
where the ANOCOR vessel meets up with an appro-
priate myocardial area. We defined ANOCOR involv-
ing interarterial course as ANOCOR at risk and other
courses as not at risk (Figure 2).

ICA and CCTA, when performed, were reviewed by
the committee to evaluate the degree of coronary ste-
nosis in ANOCOR and non-ANOCOR vessels, which
was defined as angiographically significant stenosis
when stenosis is >50%, assessed by visual estimation,
and nonsignificant for stenosis <560% and normal cor-
onary artery.'® By definition, a stenosis observed in an
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Figure 1. Flowchart.

ANOCOR indicates anomalous aortic origin of a coronary artery; CCTA, coronary CT angiography; CT,
computed tomography; FFRCT, fractional flow reserve derived from CT; MT, medical therapy; and Revasc,

revascularization.

interarterial course was defined as a non—-coronary ar-
tery disease-related stenosis. All other stenoses were
defined as coronary artery disease-related stenosis
attributable to atheroma. Noninvasive stress tests were
performed at discretion of the referring physician, and
the positivity of these tests was defined according to
the standard criteria."”

Therapeutic decision making (conservative treat-
ment, percutaneous revascularization, and surgical
revascularization) for ANOCOR and non-ANOCOR
vessels was left at the discretion of the referring
physician.

Follow-up was performed by contacting the patient
by telephone or letter or, in case of no answer, by call-
ing the referring physician. Evaluation follow-up criteria
consisted of unplanned revascularization, myocardial
infarction, or cardiac death. Clinical follow-up was per-
formed at 5 years.

We evaluated the clinical presentation, the non-
invasive stress tests performed, the coronary an-
giograms when performed, and the FFRCT analysis
from CCTA. From the ANOCOR registry population
of 472 patients, 105 had a CCTA. All CCTAs were
sent for FFRCT analysis. All computed tomography

J Am Heart Assoc. 2021;10:e018593. DOI: 10.1161/JAHA.120.018593

(CT)-coded Digital imaging and communications in
medicine files were submitted by protected internet
transfer link to Heartflow (Redwood City, CA) for cal-
culation. Results were transmitted via a protected
website for evaluation by a blinded independent op-
erator, unaware of the medical file of the patients.
The computation of FFRCT is based on the following
physiological assumptions: the baseline coronary
blood flow is proportional to the volume of myocar-
dial mass at resting condition, the coronary micro-
vascular resistance at rest is inversely associated
with the vessel size, and a predicable reduction of
microcirculatory resistance is seen as response to
infusion of vasodilators, such as adenosine. Three-
dimensional geometric models of coronary tree are
obtained from CCTA images acquired from at least
64-detector row CCTA. Lumen boundary surfaces of
the aorta and coronary arteries are delineated and
reconstructed in 3 dimensions. Baseline coronary
blood flow is estimated and applied at the inlet as
boundary condition. Hyperemic conditions are sim-
ulated, and the Navier-Stokes equations are solved
using computational fluid dynamic principles, as-
suming that the blood flow is a newtonian fluid and
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Figure 2. Anomalous aortic origin of a coronary artery (ANOCOR) types: examples of fractional
flow reserve derived from computed tomography (FFRCT) in the conservation group.
LCx indicates left circumflex; LM, left main; and RCA, right coronary artery.

the vessel wall is rigid. As there is no preestablished
method for the use of FFRCT to model ANOCOR,
FFRCT evaluation consisted of collecting FFRCT val-
ues within the ANOCOR vessel, just downstream to
its abnormal course location, by visual evaluation at
the level of the first lateral branch and in the distal
part of ANOCOR and non-ANOCOR vessel loca-
tions, which were defined as the most distal analyz-
able part of main vessels (left anterior descending
artery, left circumflex artery, and right coronary ar-
tery) obtained with FFRCT (Figure 3). The ANOCOR
registry obtained ethical committee approval in
France. All patients gave informed consent for the
use of their imaging data for research purposes.
Clinical decision making was based on the medical
file without FFRCT analysis. We aimed to evaluate
the hemodynamic impact of ANOCOR using FFRCT
and the clinical outcome at 5 years of follow-up.

Statistical Analysis

The summary of descriptive statistics is reported as
mean (SD) or count (percentage), as appropriate.
Normal distribution was tested with the Shapiro-Wilk
test. Comparisons between groups were performed
by Mann-Whitney or unpaired t test, as appropriate.
A Cox regression model was used to adjust to the
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cofounding factors, defined as age, sex, diabetes
mellitus, body mass index, and the presence of ana-
tomical features at risk. Kaplan-Meier curves were
generated to evaluate the cumulative rate of the clini-
cal end point (composite of cardiac death, myocar-
dial infarction, and unplanned revascularization) in
at-risk and not at-risk groups. Kaplan-Meier curves
were compared by the log-rank test, according to
at-risk and not at-risk anatomical features. P values
were considered statistically significant if <0.05. All
analyses were performed with Prism GraphPad 7.0
(GraphPad Software Inc, CA) and SPSS 21.0 (IBM
Inc, NY).

RESULTS

Study Population

From ANOCOR registry, including 472 patients with
ANOCOR, we performed a retrospective study of
CCTA performed in 105 patients; FFRCT could not
be performed in 49 cases. In 6 cases, CCTA did
not conform (not gated CT in 4 cases and cardiac
phases missing in 2 cases), and therefore they were
excluded from FFRCT analysis. Other reasons for
unperformed FFRCT analysis are listed in Figure 1.
Fifty-six patients had a successful FFRCT analysis; 2
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Figure 3. Anomalous aortic origin of a coronary artery
(ANOCOR), fractional flow reserve derived from computed
tomography (FFRCT) analysis example.

patients were lost to follow-up just after inclusion and
therefore excluded from the study: one patient was
treated with conservative strategy, and the other one
was treated with surgical revascularization (both pa-
tients had FFRCT values >0.80 in all distal main ves-
sels). Finally, we included in this study 54 patients
with 56 ANOCOR (2 patients had 2 ANOCOR) and
5 years of follow-up (median of 7.5 years). Among
the 54 patients included, 42 (78%) were men, and
mean age was 60+13 years. Thirty-eight (70%) pa-
tients had conservative treatment, and 16 (30%)
patients had coronary revascularization with per-
cutaneous angioplasty or coronary artery bypass
grafting on at least one coronary artery (ANOCOR or
non-ANOCOR vessel) within the 6 months after the
inclusion. In ANOCOR vessel, revascularization was
performed in 5 cases, including 2 patients in associ-
ation with valvular replacement and 2 percutaneous
coronary interventions downstream the ANOCOR.
Baseline characteristics are summarized in Table 1.

Clinical Presentation

Patients were asymptomatic in 20% of cases.
Symptoms reported at inclusion were typical or atyp-
ical angina in 39% of cases, dyspnea in 20%, and
palpitations in 20%. Acute coronary syndrome was
noticed in 5 patients (9%), syncope in 3 patients (6%),
and resuscitated cardiac arrest in 1 patient (2%). A
functional test to assess ischemia was performed in
23 (43%) patients. Among them, 16 (70%) of patients
had a positive test, 8 (35%) of exercise tests and 8
(835%) of single-photon emission CT were positive.
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Silent ischemia was documented in 12 (52%) of pa-
tients with noninvasive stress test. No significant
difference was observed between the 2 groups ac-
cording to ANOCOR at risk and not at risk, except a
significantly higher rate of current smoker in at-risk
group compared with not at-risk group (19% versus
0%, respectively; P=0.030) (Table 1).

Angiographic Characteristics

ICA was performed in 50 (93%) patients. The degree
of stenosis of ANOCOR and non-ANOCOR vessels
was detected and analyzed by visual estimation. In
non-ANOCOR vessels, no stenosis was observed
in 17 (34%) patients, coronary stenosis <50% was
observed in 14 (28%) patients, and coronary ste-
nosis >50% was observed in 19 (38%) patients. In
ANOCOR vessels, no stenosis was observed in 26
(62%) patients, coronary stenosis <50% was ob-
served in 16 (32%) patients and coronary stenosis
>50% was observed in 8 (16%) patients. No statis-
tical difference was observed between ANOCOR
at risk and ANOCOR not at risk in terms of visual
assessment.

Morphological and FFRCT Evaluation
Among 56 ANOCOR vessels: left main artery was in-
volved in 8 (14%) of cases, left circumflex artery was
involved in 16 (29%) cases, and the right coronary ar-
tery was involved in 32 (57%) cases. The ANOCOR
course involved the following reparation: preaortic ar-
terial course was observed in 15 (27%) of cases, in-
terarterial course was observed in 31 (565%) of cases,
prepulmonar course was observed in 7 (13%) of cases,
and subpulmonar course was observed in 3 (5%) of
cases (Table 2 and Figure 2). Among the 31 interarte-
rial courses, 30 involved right coronary artery and 1
involved left main artery.

FFRCT could be obtained in 54 patients. The over-
all ANOCOR course reduced the FFRCT mean values
from 1 in the aorta to 0.87+0.20 just downstream to the
ANOCOR course. The mean FFRCT value in the distal
segment of the ANOCOR was significantly lower than
immediately after the ectopic segment of ANOCOR
(0.82+0.11 versus 0.87+0.20, respectively; P<0.0001;
Table 2). Mean FFRCT values between at-risk and
not at-risk ANOCOR were similar (P>0.05 for all com-
parisons) (Table 2). FFRCT values are summarized in
Figure 4, Table 1, and Figures S1 and S2.

Revascularization

In the group of patients at risk (n=31), 11 (35%) pa-
tients underwent revascularization. Five patients had
coronary artery bypass grafting. Six patients had per-
cutaneous coronary intervention revascularization.
Among them, 1 patient had percutaneous coronary
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Table 1. Baseline Characteristics, Clinical Presentation, and Stress Testing of Patients With ANOCOR at Risk (ANOCOR

Involving Interarterial Course) and Not at Risk

P Value for at Risk vs Not
Variable Overall (N=54) At Risk (N=31) Not at Risk (N=23) at Risk
Baseline characteristics
Age, y 60+13 57+14 58+14 0.069
Sex (men) 42 (78) 22 (71) 20 (87) 0.200
BMI, kg/m? 26.5+3.9 26.7+3.8 26.2+3.9 0.823
Hypertension 23 (43) 14 (45) 9(39) 0.783
Dyslipidemia 16 (30) 11 (35) 5 (22) 0.368
Diabetes mellitus 6 (11) 3(10) 3(13) 0.999
Current smoker 6 (11) 6 (19) 0 0.030
Physical activity* 18 (33) 9(29) 9(39) 0.370
Previous MI 4(8) 3(10) 14) 0.296
Cardiomyopathy 1) 0 1) 0.999
Valvular heart disease 3(6) 2 (6) 1) 0.563
Clinical presentation
Asymptomatic 11 (20) 7(17) 4(17) 0.999
Atypical angina 10 (19) 7 (21) 3(13) 0.791
Angina 11 (20) 6 (21) 5(22) 0.913
Dyspnea 11 (20) 7 (21) 4 (17) 0.741
Palpitations 11 (20) 5(29) 6 (26) 0.304
Acute coronary syndrome 5(9) 3(8) 2(9) 0.999
Syncope 3 (6) 3(8) 0 0.267
Resuscitated cardiac arrest 1) 1 0 0.999
Documented ventricular 24 0 2(9) 0.158
tachycardia
Noninvasive stress testing
Noninvasive stress test 23 (43) 15 (48) 8 (35) 0.283
Myocardial scintigraphy 11 (39) 8 (26) 3(13) 0.319
Positive exercise test 16 (30) 10 (82 6 (26) 0.999
Silent ischemia 12 (22) 6(19) 6 (26) 0.999

Data are given as number (percentage), unless otherwise indicated. ANOCOR indicates anomalous aortic origin of a coronary artery; BMI, body mass index;

and MI, myocardial infarction.
*Physical activity: expressed as >20 minutes of exercise 3 times a week.

intervention of the left anterior descending artery
downstream an ANOCOR course. In the group of
patients not at risk (n=23), 6 (26%) patients under-
went revascularization. Two patients had surgery with
aortic valve replacement and coronary artery bypass
grafting. Four patients had percutaneous coronary
intervention revascularization.

Follow-Up

Median follow-up was 7.5 years. During the 5-year
follow-up period, 1 patient (2%) presented an acute
coronary syndrome associated with unplanned re-
vascularization in the at-risk group. Cox regression
adjusted for the following confounding factors (age,
sex, diabetes mellitus, body mass index, and ana-
tomical features at risk), which were not statistically
significant (P>0.05) (data not shown). The composite

end point was not statistically different between the
at-risk and not at-risk group (P=0.39) (Figure 5A and
5B).

DISCUSSION

In our study, FFRCT showed a low hemodynamic
impact on coronary flow of vessels, as evidenced
by a low FFRCT gradient across different types
of ANOCOR. This observation was associated
with good outcomes in patients with ANOCOR at
5 years of clinical follow-up. The growing use of
cardiac CT will increase the number of patients
recognized as having ANOCOR. However, clinical
decision making for ANOCOR at risk remains chal-
lenging. Cheezum et al recommend a personalized
approach based on clinical presentation, type of

J Am Heart Assoc. 2021;10:e018593. DOI: 10.1161/JAHA.120.018593 6
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Table 2. Coronary Angiography, CT, and FFRCT Evaluation, According to Patients With ANOCOR at Risk and Not at Risk

P Value for at Risk vs Not
Variable Overall (N=54) At Risk (N=31) Not at Risk (N=23) at Risk
Coronary angiography for non- N=50 N=31 N=19
ANOCOR vessels
No atheroma 17 (34) 12 (38) 5 (26) 0.220
Atheroma <50% 14 (28) 8 (26) 6 (32) 0.506
Atheroma >50% 19 (38) 11 (35) 8 (42) 0.999
Coronary angiography for ANOCOR N=50 N=31 N=19
vessel
No stenosis 26 (52) 16 (52) 10 (63) 0.999
Stenosis <560% 16 (32) 12 (39) 4(21) 0.999
Stenosis >50% 8 (16) 3(10) 5 (26) 0.236
CCTA of ANOCOR vessel N=56 N=33 N=23
Left main artery 8 (14) 2 (6) 6 (26) 0.053
Left circumflex artery 16 (29) 0 16 (69) 0.001
Right coronary artery 32 (57) 31 (94) 14) <0.001
CCTA ANOCOR course N=56 N=33 N=23
Retroaortic 15 (27) 2 (6) 13 (57) <0.001
Interarterial 31 (55) 31 (94) 0 <0.001
Prepulmonar 7 (13) 0 7 (30) 0.003
Subpulmonar 3(5) 0 3(13) 0.058
FFRCT values
Downstream to ANOCOR course 0.87+0.20 0.90+0.10 0.91+0.09 0.516
Distal to ANOCOR 0.82+0.11 0.83+0.11 0.81+0.11 0.499
Left anterior descending artery 0.85+0.09 0.85+0.10 0.86+0.06 0.803
Left circumflex artery 0.91+0.08 0.92+0.07 0.90+0.09 0.224
Right coronary artery 0.89+0.05 0.86+0.05 0.90+0.06 0.201

Data are given as number (percentage) or mean+SD. ANOCOR indicates anomalous aortic origin of a coronary artery; CCTA, coronary CT angiography; CT,

computed tomography; and FFRCT, fractional flow reserve derived from CT.

ANOCOR, and risk-benefit balance of surgery.* This
risk stratification can lead us to propose a surgical
correction in patients with chest pain or syncope
during exercise, documented myocardial ischemia,
aborted sudden death, and ANOCOR with an in-
terarterial or preaortic course. Coronary bypass
graft surgery is not recommended in absence of
high-grade coronary stenosis. Accordingly, several
surgical methods to treat ANOCOR, such as un-
roofing, coronary reimplantation, or neo-ostia for-
mation, are occasionally used. Noninvasive stress
tests were performed in our study in 23 patients
and were considered positive in 16 patients (70%
of noninvasive stress tests). A clear mismatch
was observed between ischemia evaluated with
stress ECG and myocardial scintigraphy compared
with FFRCT evaluation in our study population of
ANOCOR. However, previous studies and meta-
analysis showed that myocardial scintigraphy has
a low sensitivity compared with FFR.'®

FFRCT provides valuable data on the hemody-
namic impact of ANOCOR all along its course based

on cardiac CT calculation of myocardial mass and
3-dimensional reconstruction of the coronary artery
tree. On the other hand, ICA appears limited in its
ability to obtain good images, and intravascular ul-
trasound and FFR evaluation is challenging. These
evaluations were of value to understand that the 2-di-
mensional coronary “stenosis” of ANOCOR proximal
course has in fact a morphological elliptical shape
with preserved lumen size assessed by intravascu-
lar ultrasound, and in most cases FFR values were
>0.80.8 Similarly, FFRCT showed, in 3-dimensional
reconstruction with color coding, both anatomical
and hemodynamic aspects of ANOCOR, with an
elliptical shape of the vessel and minor changes in
FFRCT values within the ANOCOR course. In this
population, our study showed favorable FFRCT val-
ues and excellent outcomes with a conservative
strategy, with most of FFRCT values >0.80. Current
guidelines support surgical revascularization (class
IA) in patients with ANOCOR and symptoms or diag-
nostic evidence consistent with coronary ischemia
attributable to the anomalous coronary artery.!%2°

J Am Heart Assoc. 2021;10:e018593. DOI: 10.1161/JAHA.120.018593 7
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RCA, right coronary artery.

Furthermore, guidelines accept that surgery or con-
tinued observation may be reasonable for asymp-
tomatic patients with ANOCOR without ischemia or
anatomic or physiological evaluation, suggesting po-
tential for compromise of coronary perfusion, such
as intramural course, fish mouth-shaped orifice, or
acute angle (class IIb).2° However, our study showed
the limited clinical impact of current positive nonin-
vasive stress tests and anatomical evaluation of the
coronary tree, whereas FFRCT could be an eval-
uation of interest for tackling difficult decisions on
treatment of patients with ANOCOR.

Limitations

Our study has several limitations. Inherent to its retro-
spective design, it is not possible to compare revascu-
larization strategies and outcome. Our population was
selected by interventional cardiologists who mostly dis-
cover ANOCOR in patients with suspected coronary
artery disease during ICA. Therefore, our population
was men in 78% of cases, with a mean age of 60 years,
and younger patients were not diagnosed. FFRCT
analysis was limited to retrospective cardiac CT scans,

performed between 2010 and 2013. The main reason
is that radiologists performed cardiac CT to evaluate
the ANOCOR position and course. Therefore, most of
the quality criteria for FFRCT calculations were not re-
spected. A second reason for not being able to obtain
an FFRCT analysis could be the difficulty in avoiding
coronary spacing in ANOCOR along the cardiac cycle
with CT because of extra motion compared with stand-
ard anatomical coronary positions. We acknowledge
the small number of patients included. However, this
study is the largest reported with ANOCOR functional
evaluation and 5 years of follow-up.

CONCLUSIONS

In this cohort of adult patients with ANOCOR, we
did not identify a hemodynamic impact of ANOCOR
using FFRCT. Clinical outcome after a 5-year follow-
up was favorable in this population, mostly treated
medically. Further studies are needed to confirm
the clinical value of FFRCT measurements in pa-
tients with ANOCOR, especially in the young adult
population.
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Figure 5. Kaplan-Meier curve of event-free rate of patients
at 5 years of follow-up in the overall population and
according to the anatomical feature at risk.

A, Kaplan-Meier curve of event-free rate of patients at 5 years of
follow-up. Number of patients at risk are presented below in the
figure. B, Kaplan-Meier curves of event-free rate of patients at
5 years of follow-up, according to anatomical feature at risk. No
statistical differences were observed with log-rank test (P=0.39).
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Figure S1. Frequency distribution of ANOCOR vessel and non-ANOCOR vessel in at risk group.
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ANOCOR: Anomalous aortic origin of a coronary artery, FFRCT: Fractional Flow Reserve derived from Computed

Tomography, LAD: Left Anterior Descending, LCx: Left Circumflex, RCA: Right Coronary Artery.



Figure S2. Frequency distribution of ANOCOR vessel and non-ANOCOR vessel in non-at-risk group.
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