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Background Left coronary
artery

Prevalence:
* 0.26% AAOCA:
Anomalous Aortic Origin of a Coronary Artery

Clinical presentation:

 Vary

Grani et al. Swiss Med Wkly. 2016
Cheezum et al. J Am Coll Cardiol 2017
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Variants of AAOCA

. » Normal

Grani et al. Swiss Med Wkly. 2016
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Are AAOCA dangerous?

Sports-related sudden cardiac death in the young: autopsies

Other (3%)  Normal heart (3%)
Other congenital HD (2%)
lon channelopathies (3%)

Aortic rupture (2%)
Sarcoidosis (1%)___

Dilated C-M (2%) —
AS (3%
CAD (3%

Tunneled LAD (3%

Coronary artery
anomalies (17%)

Indeterminate LVH -
possible HCM (8%)

Maron BJ et al. Circulation. 2007

Myocardial Infarction and/or.
Coronary Artery Disease

Hypertrophic Cardiomyopath:

Coronary Artery Anomaly/Dysplasia

Arrhythmogenic Right Ventricular.
Cardiomyopathy

Dilated Cardiomyopath
Myocarditis

Pulmonary Embolis

N

Grani et al

T T T
10 15 20

Numbers of SrSCD

. Eur J Prev Cardiol. 2016
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14 y/o, chest pain and dizzines while exercise, elevated Troponin

» 2 # : _ AAOCA
RS AOCA : o W JWLeft coronary

Léft coronary artery'‘arising from
artery fio~ ~ right-faging sinus

. AAOCA

S Left

coronary
artery

Borns J. Grani C. et al. Front Cardiovasc Med. 2020
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Issue in adults with AAOCA
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« CCTA usage? according to US and EU Guidelines for CAD asessment

- AAOCA increasingly diagnosed

- Symptoms are not reliable
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Middle aged/older individuals with AAOCA

100 '
_L\ L
= _\_"‘—I—:

60

40

Cumulative event-free survival (%)

20—
-1 Controls
- ACAOS
: Age 56 * 11 years
1:2 matching: age, gender, 0] J y
previous revascularisation, CAD ) 20 40 60 80
Time to first event (months)
Patients at risk 198 149 136 115 22
ACAOS 66 42 32 19 9
Controls 132 107 104 96 13

Grani C et al. Eur Heart J. 2017 Jul 1;38(25):2009-2016.
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Non-SCA Syncope

Parameter
(n=35) (n=7)

Age (years) 41423 53+26 57+16 34+25  <0.0001

Male sex 48 (74) 26(87) 22(63) 3(60) 14(61)  5(71) 0.05
R-AAOCA 47 (72) 20(67) 27(77) 2(40) 21(91)  4(57) 0.35
L-AAOCA 18 (28) 10(33) 8(23)  3(60) 2 (9) 3 (43) 0.35

Nagashima K et al. Eur Heart J Cardiovasc Imaging. 2020
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TABLE 1 Clinical and Histopathological Features of SCD Victims With AOCA

Cardiac Circumstances of
Age, yrs Sex Symptoms Death HW (g) LV Fibrosis
ALCA
17 M - Died during exertion 320 -
M - Died at rest 451 -
18 M - Died during exertion 316 -
58 F Palpitations Died during exertion 340 —
CP
15 M  Syncope Died during exertion 318 —
13 M  Syncope Died during exertion 220 -
1 M  Syncope Died in sleep 204 -
15 M CP, syncope Died during exertion 341 -
13 M  Syncope Died during exertion 140 -
28 F Palpitations Died in sleep 431 -
16 M - Died during exertion 350 Posterior
ARCA
M - Died at rest 410 Multiple locations
21 M cP Died during exertion 323 Multiple locations
14 M - Died in sleep 285 -
F - Died in sleep 558 -
20 M - Died at rest 478 Anterolateral
M - Died at rest 474 Posterior
23 M - Died during emotional 337 -
stress
M - Died at rest 390 Posterior*
F - Died in sleep 323 -
18 M - Died in sleep 390 -
24 M - Died at rest 210 -

Finocchiaro G et al. JACC Clin Electrophysiol. 2019
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Anatomic high-risk features

Course
between

Aorta and A.
pulmonalis

2y

Take off <45°

Elliptic proximal
vessel shape
defined as
height/width
ratio of >1.3

Width

P,

Height

Proximal .
Distal

T~~~

v

Interarterial course

Intramural course

Acute take-off angle

d

Slit-like ostium
Elliptic vessel shape

Proximal narrowing

a

Pulmonary Artery
- “*\\ Course
‘ (‘M} within
Aorta i:L \\c-/ tunica
(\ S\ —-— media
R @
\\ > J
Slit-like ostium
RCA o .
>50% reduction
1 e of the ostial
- e minimal lumen
diameter
Left Right
Ccoronary cusp  Coronary cusps
- PN

>50% reduction of the
proximal minimal
lumen diameter/area
compared to the
normal distal reference

Gréani et al. JACC Cardiovasc Imaging 2017
Grani et al. J Nucl Cardiol 2017
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Variants of AAOCA Course = «Malignant»?

Pre-pulmonic
course

Retroaortic
course

Grani et al. Swiss Med Wkly 2016

Insel Gruppe —



) INSELSPITAL ‘ CARDIOVASCULAR

UNIVERSITATSSPITAL BERN CENTER
BERN UNIVERSITY HOSPITAL

Intramural course

Proximal
coronary
segment

Proximal
coronary
segment

Coronary

ostium
Le ngth of ) 55/9‘0d115()<cm/i9.)50 202.
intramural
rd
course 2
Coronary
ostium
Normal

Intramural course

Bigler & Grani C et al. J Am Heart Assoc 2022
Jiang et al. JTCVS Tech. 2022
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False concept: scissor like compression of interarterial course

Acute take-
off angle P

Interarterial/
intramural
course

HR Rest HR Stress |Max HR (220| BP Rest BP Stress PAP Rest PAP CoP Rest CoP
-A
ge) Stress Stress

67 150 168 116/64 142/63 22/11 4 7/24 100/59 9 5/60

Schitze, Raber, Grani et al. Eur Heart J Case Rep 2024
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Pathophysiology
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c ] ] ] ] i i
: Pathophysiology in patients with AAOCA IOSE (MY BT el CHETE
% compression:

() o

=N B - « Increased stroke volume

EWm< @ - Slitlikeostuvm [} _

c e X+ Proximal narrowing g - Blood pressure (systole/diastole)

=8 B H

oS « Heart rate

o <

() Proximal Distal

G

e Other factors to consider

8] = I

< g ’ f‘ct”te take;"’ffa"gle,th Exercise W Exercise W8 * Pre-load

Z © - Intamuralcoursewith [ | i || e | |

Q- 2 lateral compression - Afterload (Microvascular Resistance)

« Stiffness of the Aorta

Bigler & Grani et al. 2021 Front. Cardiovasc Med 2021
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Invasive assessment

« Dobutamin-volume: Assessment of fixed + dynamic stenosis

- FFR and IVUS

Dobutamine Dobutamine

- Max. Dobutamine 40ug/kg per body weight per minute + ~3’000ml ringer lactate + 1mg atropine

IVUS rest / FFR adenosine  IVUS/FFR dobutamine-volume

Frame 805 ) Frame 961

Bigler, Réber et al. Contemp Clin Trials Commun 2024
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CCTA predictors for hemodynamic relevance in R-AAOCA-IA-IM

CCTA of AAOCA (anatomy) _‘ CCTA - derived anatomical features of AAOCA

Minimal lumen area

Intramural &

;

. Take-off *
Elliptic ratio =
Major axis /
Minor axis

Maximal lumen
narrowing = 1-
= Minimal lumen
area/

Distal lumen
area

Stark, Raber, Grani et al. Circulation. 2025
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CCTA versus Dobutamin FFR reference in R-AAOCA-IA-IM

CCTA - derived anatomical predictors for ischemia (FFR .<0.8)

Dobutamin

. I 1.00 1|Cut-off | » - g
Minimal lumen area 1 ™ c 6mmz | % cut-off |
w I 49% f.-' #.".-'
T 7
MLA elliptic ratio |  Fr—® | 0.75 /J
' I - P
: | = 7 Minimal lumen
50 Mamma! Iurrlen ) L e — - E; 0.50 1 __|_ r area [mm?]
———harrowing [%] ! 9 A
T “ < __Maximal lumen
[mm] : ~ AUC: 0.86 nt |
AUC:0.78 __ 'htramura
) o1 | re—d
FER >0.8 <0.8 fakeoftangle : 0.00 {- _AUCD55 l.ength [m.m]
T é 1 2 3 A 5 6 7 0.00 0.25 0.50 0.75 1.00
1- Specificity

- Not all “malignant” (hemodynamically relevant)
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Outlook: Digital Twin and Artificial Physical Twin
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Computational fluid dynamics

CARDIOVASCULAR
CENTER

FFRAdenosine =0.77

FFR =0.72

Dobutamine

Bigler & Grani et al. JACC Case Rep 2022
Stark & Grani et al. J Cardiovasc Dev Dis 2023
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3D printed flow loop AAOCA

Mimics Segmentation Mimics Volume 3-matic Shell
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3DPSP in Flow-Loop Polylet print File CAD Model

llli & Grani et al. JACC Case Reports 2025
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3D printed flow loop AAOCA
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Resistances Reservoir
Flow Probes (Left Atrium)
@ Pressure
Sensors
Mitral Valve
Piston Pump
Compliance Aortic
Chamber Valve

Patient-Specific
Root Phantom

| \ : =

| | .
¢ Systemic and coronary

Atrial
reservoir

Aortic and coronary .’
S pressure sensors

"~ Phantom

llli & Grani et al. JACC Case Reports 2025
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3D printed flow loop AAOCA
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Anatomy Rest Stress

/
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a.
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22 i : 1 —
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A

llli & Grani et al. JACC Case Reports 2025
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nature communications

Article https://doi.org/10.1038/s41467-025-58362-9

Al-based detection and classification of
anomalous aortic origin of coronary arteries
using coronary CT angiography images

Received: 24 September 2024 Isaac Shiri', Giovanni Baj®"°, Pooya Mohammadi Kazaj ® ', Marius R. Bigler’,

Anselm W. Stark’, Waldo Valenzuela ®?, Ryota Kakizaki', Matthias Siepe?,

Accepted: 5 March 2025 Stephan Windecker', Lorenz Riber', Andreas A. Giannopoulos®,

Published online: 01 April 2025 George CM. Siontis', Ronny R. Buechel ®“* & Christoph Gréani®'

M | Check for updates
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Normal R-AAOCA L-AAOCA L-AAOCA Low-Risk High-Risk

CCTA

GradCam++

Shiri & Grani et al. Nature Comm 2025
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Artificial Intelligence Based Detection and Classification of AAOCA in CCTA

Data without label for AAOCA

’
WINSELSPI R R T e e R
UNIVERSITATSSPITAL BER} developing and evaluation of seg: lon model =
BERN UNIVERSITY HOSPIT i Training & validation Internal testing External testing
i dataset dataset dataset
- { ' Revospective E-n- Prospective -n- j i
| i cohort _ cohort 2 =B
L J 536 Patients 350 Patients 483 Patients
1203 3D-CT images with the label for aorta and LV ; 1567 3D-CCTA 1066 3D-CCTA 437 3D-CCTA

External clinical
evaluation dataset

B

998 Palients

9498 30-CCTA

o L-AAOCA R-AAOCA
R-AAOCA L-AN no HR features  with HR fea

2.0 M

Normal Anatomy

Ilustrative examples from dataset

Normal anatomy and analyzed region

3D-Cropped CCTA

\\

~~ 3D-Cropped CCTA

b

Automaseally segment the aceta and Classificasion of the anomalous Low-Risk: pre-pulmonic, retro-aortic,
LV 1o detect the intersection for vessel high take off
Cropping purposes
ke Class 0: R-AADCA High-Risk: inter-arterial and sub-
Class 1: L-AAOCA puimonic
AAOCA 3D SE-ResNet  Migh Risk
3D nnU-Net

|
¥

True label

e Mogel T (AUCH0.99)
Model 2 (AUC=0937) |

— Madel 3 (AUC<0 995)

— Modd 4 (AUC=0.999 |
Madel § AUC=0 928)

True postive rate

0 02 ©04 08 08 10
Falee positive rate

ROC curve external testing

Insel Gruppe - \ \Q-SNE in Anomaly detection

~

Shiri & Grani et al. Nature Comm 2025
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Conclusions

s  AAOCA numbers in adults increase, CAD more important, but AAOCA can become relevant later in life

% Thorough anatomical assessment & ischemia testing important

% Invasive testing preferred over noninvasive stress (CAVE: evidence needed!) - use physical or dobutamine testing
¥  R-AAOCA-IA-IM: 25% hemodynamic relevant - Mortality is low, mostly «innocent» bystanders

% Future role: computational fluid dynamics / 3D print for ischemia simulation & intervention planning in AAOCA
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A A O C A T h e r ap y Assess hemodynamic relevance of ACAOS

- FFRDnbutamine <0.80or

- IVUSpoputamine >50% Minimal Lumen Area reduction or
- Ischemia noninvasive imaging (max. physical / dobutamine)
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Concomitant CAD in the :
® CABG — Conservative sports
anomalous vessel

restrictions and/or beta
? blocker therapy:
Anatomical features o) Unroofing — Temporary: until correction
- Long intramural course e of ACAOS is performed
- Course above the valvular commissure
- Acute take-off angle o Neo-ostium / — Long-term: only
= : ;
Translocation recomm_ended in sel_ected
cases (i.e.non-surgical /
If relevant proximal narrowing longer non-PCl candidates)
- Pt .
+ -
than intramural course present =~ + Patch anglOplaStv

Bigler & Siepe & Grani C et al. J Am Heart Assoc 2022
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Table 2:
Surgical data

\

n=T1 (100%)
( Types of AAQCA correction, n (%)
Unroofing 51(72)
Reimplantation 20 (28)
Additional nec-ostium patchplasty 9(13)
k Patients who underwent concomitant procedures, n (%) 28 (39)
Concomitant procedures, i (%) 30
Aortocoronary bypass grafting (of the non anomalous coronary artery) 2 (3)
Aortic valve replacement 9(13)
Valve-sparing aortic root replacement 3(4)
Aortic root replacement with composite graft 5(7)
Aortic valve repair 1(1)
Aortic arch replacement 3(4)
Supracoronary ascending aorta replacement 1(1)
Mitral valve repair 4(6)
Atrial myxoma removal 1(1)
Atrial septum defect closure 1(1)

AAOCA: anomalous aortic origin of coronary artery.

Inse

JOURMNAL ARTICLE L\s
Safety and efficacy of surgical correction of
anomalous aortic origin of coronary arteries:

experiences from 2 tertiary cardiac centres @

Fabio Pregaldini ™ , Hannah Widenka , Mohamed Barghout , Christoph Grani,
Martin Czerny, Fabian A Kari, Salome Chikvatia, Alexander Kadner , Matthias Siepe

European Journal of Cardio-Thoracic Surgery, Volume 63, Issue 5, May 2023, ezad075,
https://doi.org/10.1093/ejcts/ezad075
Published: 15 March 2023  Article history »
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Unroofing

Vorher

Nachher
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Reimplantation

B Coronary translocation / reimplantation

Reimplanted coronary button

Patch closure of excised LCA button

Bigler & Siepe & Gréni C et al. J Am Heart Assoc 2022
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Reimplantation

B Coronary translocation / reimplantation

Reimplanted coronary button

Patch closure of excised LCA button

Bigler & Siepe & Grani C et al. J Am Heart Assoc 2022
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Safety and efficacy of surgical correction of
anomalous aortic origin of coronary arteries:

experiences from 2 tertiary cardiac centres @
Fabio Pregaldini 2 | Hannah Widenka , Mohamed Barghout , Christoph Grani,
Martin Czerny , Fabian A Kari, Salome Chikvatia , Alexander Kadner , Matthias Siepe

Symptom evolution after correction for
AAOCA

Pre-OP Follow-up

Life-threatening | Life-threatening
12% 0%

Moderate A N O Moderate
38% \ ' 21%
Asymptomatic Asymptomatic
0% 70%

Insel Gruppe —

Table 4: _
Postoperative complications = 7 1 \
Early (<30 days) Late (=30 days)
Cardiovascular death 0 a
Death other than cardiovascular 0 3 )
Unknown cause of death 0 2
Myocardial infarction 3 0
Stroke 1 0
Reoperation
Coronary artery bypass grafting 3 0
Pericardial drain due to tamponade 1 0
Sternal wound infection 0 2
Pacemaker implantation 1 0
Cardiovascular mechanical support
ECMO 4 a
IABP 2 a

ECMO: extracorporeal membrane oxygenation; IABP: intra-aortic balloon pump.
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Beispiel fur Notwendigkeit dergleichzeitigen Mit-Behandlung: LCXx
from RC-Sinus beim Wurzelaneurysma

- ;y yr
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Haufig Zufallsdiagnose
Selten relevant mit Symptomen

Interventionell und
chirurgischleicht behandelbar
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Vielen Dank fur die Aufmerksamkeit

INSELGRUPPE

European Coronary Artery

Anomaly Conference
Friday, January 16th, 2026

Topics:

AAOCA - From Anatomy to Disease

The Pathologist's View of AAOCA
Surgical Strategies in AAOCA

From Imaging to Artificial Twin in AAOCA
The view of the patient

Venue:
Neues Anna Seiler Haus Inselspital Bern,
Freiburgstrasse 20, 3010 Bern, Switzerland

Organizing Committee:
Prof. Dr. Dr. med. Christoph Grani
Prof. Dr. med. Matthias Siepe

Elﬁ A0
www kardiologie.insel.ch =
Registration via QR-code: =

Insel Gruppe —



