Supplementary information

Supplementary Table 1. Main outcomes of intra-operative, epicardial, high resolution mapping studies

focused on quantifying features of electropathology.

(%)

Study Mapping | No. | AF AF Rhythm Parameters Conclusion
Population | sites Type
WPW RA 25 3 PAF AF Focal waves AF persistence is associated with focal
prevalence waves
RA, LA LSPAF
spatial Features of focal waves indicate
CAD 24 AF distribution transmural conduction of fibrillation
waves (1).
MVD EGM morphology
repetitiveness
AFCL irregularities
WPW RA 25 3 PAF AF Intra-wave CB (%) | Electrical longitudinal dissociation in
conduction is a key element in the
RA, LA LSPAF Inter-wave CB (%) | ¢ pstrate of human AF (2).
CAD 24 AF No. of fibrillation
waves
MVD
CAD RA 14 10 PAF:3 AF Focal waves (%) First evidence for asynchronous
activation of the endo-epicardial wall
MVD PSAF:4 Conduction block during AF in humans.
(%)
LSPAF: Endo-epicardial asynchrony may play
3 Endo-Epicardial a major role in the pathophysiology of
Asynchrony AF (3)
CAD RA 209 | - N.A. SR Conduction delay | Intra-atrial and inter-individual
(%) variation in conduction delay/block.
BB
Conduction block | Predilection site: superior intercaval
LA

RA.

Extensiveness of CB at the superior
intercaval RA or BB does not reflect
CB elsewhere (4).




CAD BB 185 | 13 PAF:13 | SR Activation Conduction disorders, particularly
Patterns long lines of longitudinal conduction
POAF: block, are more pronounced in
56 Conduction delay patients with PoAF episodes (5).
(%)
Conduction block
(%)
MVD RA 139 | 38 PSAF SR Conduction delay: | MVD patients had a higher maximal
degree of CD at the lateral left atrium
AVD BB POAF: prevalence, than AV patients.
63 severity
LA A history of AF was most strongly
Conduction block: correlated to CD/CB at Bachmann’s
orevalence, bundle and age (6).
severity
CAD RA 447 | 75 PAF:52 | SR Conduction delay: | UHD has no impact on the frequency
prevalence, and severity of conduction disorders
MVD BB PSAF: severity, lengths | (6).
21
AVD LA Conduction block: | AF episodes are associated with more
LSPAF: prevalence, conduction disorders throughout both
2 severity, lengths atria and with more severe
conduction disorders at BB.
CAD RA 212 | No N.A. SR Conduction delay: | Obese patients have higher incidences
AF prevalence, of conduction disorders, which are
MVD BB severity, lengths also more extensive and more severe
AVD LA Conduction block: )
PVA prevalence,
severity, lengths
CHD RA 31 5 PAF SR Conduction delay: | Conduction disorders during SR are
prevalence, most pronounced in the RA—
BB severity, lengths particularly the intercaval region—
LA _ and BB (8).
Conduction block:
prevalence,
severity, lengths
CHD RA 10* | O N.A. SR Conduction delay: | Areas of conduction delay and block
prevalence, were present in all patients and were
BB

LA

severity, lengths

particularly observed at BB and to a
lesser degree in the left atrium (9).




Conduction block:

prevalence,
severity, lengths

CAD PVA 327 | 62 PAF:47 | SR Activation Complex patterns with often multiple
Patterns entry sites and high interindividual
MVD PSAF: variability.
14
AVD Altered patterns of activation,
LSPAF: consisting of multiple opposing
1 wavefronts combined with long lines
of conduction slowing, were
associated with AF (9).
CAD PVA 268 | 49 PAF: 38 Conduction delay: | Patients with AF more often present
prevalence with continuous lines of adjacent
MVD PSAF: areas of CD and CB (10).
11 Conduction block:
AVD prevalence,
CAD RA 381 | 59 PAF: 43 | SR Epicardial EBW are:
breakthrough
MVD BB PSAF: wave: spatial present in 168 patients
AVD LA o distribution, particularly in thicker parts of the
LSPAF: prevalence, EGM | io) wall
1 morphology at
origin most often in ischemic heart disease
patients
EBW EGM most often consisted of
double and fractionated potentials
Single potentials: a R wave was
observed in 88% of EBW, as opposed
to 21% of sinus node breakthrough
waves
Fractionated EBW potentials were
more often observed at the right
atrium and Bachmann’s bundle (11).
CAD RA 253 | 43 PAF:33 | SR Activation Atrial excitation during SR is affected
patterns by underlying heart disease and AF,
MVD BB PSAF:9 resulting in alternative routes for BB
AVD LA LSPAE: Total atrial and left atrioventricular groove

activation time




activation and prolongation of total
atrial activation times (10).

CAD RA 80 8 PAF: 25 | ST Conduction block | Conduction disorders: more
(%) differences pronounced at endocardium than the
MVD (endo- PSAF: 4 between endo- epi- cardium particularly at the
epicardia . . superior intercaval region.
AVD |)p LSPAF: and epicardium Lesgth of CB lines Ionier in patients
2 Endo-epicardial with presence of cardiovascular risk
factors.
asynchromy Conduction disorders and EEA are
more present in patients with
persistent AF (12)
CAD RA 20 8 PAF: 8 SR Conduction block | In patients with AF, sino-atrial node
(%) differences activity occurred more caudally, which
MVD (endo- between endo- indicates changes in preferential sino-
AVD ;picardia and epicardium atrial node exit pathways (13).
Endo-epicardial
asynchrony
CAD RA 164 | 25 PAF: 19 | SR Activation Conduction disorders are mainly
Patterns provoked by prematurely, aberant
MVD BB PSAF:5 | AES beats (14).
Conduction delay
AVD LA LSPAF: (%)
1
Conduction block
(%)
CAD RA 44 23 PAF: 23 | SR RS ratio AF is characterized by decreased
amplitudes of single potentials at BB
MVD BB Unipolar voltages due to loss of S-wave amplitudes and
LA decreased conduction velocity (15).
CAD RA 21 11 PAF:7 SR Endo-epicardial Local epi—endocardial differences in
asynchrony EGM
MVD (endo- PSAF:2
epicardia EGM fractionation occur occasionally
AVD ) LSPAF: fractionation during SR but will likely increase
2 during arrhythmias due to increasing
endo-epicardial asynchrony and
(functional) conduction disorders.
EGM fractionation can originate from
EEA (16).
CAD RA 189 | 0 N.A. SR EGM morphology, | The signal fingerprint, consisting of

quantified EGM features, including




delay

BB R/S rations the R/S ratio, the relative frequency
distribution of unipolar voltages, the

LA fractionation proportion of low-voltage areas, the

PVA fractionation proportion of the different types of

EGMs, and durations of long double
and fractionated potentials, may

unipolar voltages | Serve as a diagnostic tool to
determine the severity and
extensiveness of conduction
inhomogeneity (17).

AVD: aortic valve disease, BB: Bachmann’s bundle, CAD: coronary artery disease, CHD: congenital heart
disease EGM: electrograms, EBW: epicardial breakthrough waves, LA: left atrium, LSPAF: longstanding
persistent AF, MVD: mitral valve disease, N.A.: not applicable, PAF: paroxysmal AF, PSAF: persistent AF,
PVA: pulmonary vein area, RA: right atrium, R/S ratio: amplitude R (positive)-wave/amplitude S (negative)-
wave, SR: sinus rhythm.

Inclusion criteria: adult patients undergoing cardiac surgery. Exclusion criteria: presence of an atrial pacing
lead, severe liver- or kidney disease, history of ablative therapy in the atria, usage of inotropic agents,
impaired left ventricular function (<30%), prior radiation therapy of the chest.

Supplementary Box 1. AF persistence: caused by rotors or endo-epicardial asynchrony?

Proposed mechanisms underlying AF persistence can be divided in either focal (repetitive ectopic activity),
re-entrant mechanisms (rotors) or endo-epicardial asynchrony. Though series of elegant experimental
studies demonstrated that rotors, identified by dominant frequency analysis, maintained AF (18),
multicenter clinical AF trials failed to demonstrate successful outcomes of ablative therapy targeting these
rotors (19). In addition, high resolution mapping studies in patients so far failed to demonstrate the
presence of such rotors driving AF (1). However, these studies did demonstrate that focal fibrillation
waves, defined as fibrillation waves originating in a circumscription area from which they expand into the
surrounding tissue, play a key role in AF persistence. These focal waves are caused by transmural
conduction of fibrillation waves as a result of endo-epicardial asynchrony. We think it is unlikely that the
high-resolution epicardial mapping methodology is too detailed and therefore fails to see rotors is
incorrect as linking of consecutive wave fronts combined with stable beat-to-beat-morphology and AF

cycle lengths still would reveal the presence of a rotor, irrespective of the mapping resolution.

Supplementary Box 2. Conflicting role of atrial refractoriness in AF pathophysiology.



Although APD shortening was previously recorded in models of atrial tachypacing-induced AF,
electrophysiological changes that drive AF include prolongation as well as shortening of action potential
duration (APD) (20, 21), reduction in cardiomyocyte excitability and increased APD dispersion (22, 23).
APD prolongation was observed in patients with ‘lone’ paroxysmal AF, in atrial tissue of patients
predisposed to AF and in various patient and animal studies for AF with underlying heart failure and
structural changes in the atria (21, 24-26). These studies provide compelling evidence that the
predominant contributors to the substrate underlying AF are the structural and associated conduction
abnormalities i.e. electropathology rather than shortening of APD. Moreover, current pharmacological AF
treatments are directed at modulation of atrial refractoriness, and not at molecular root causes of
electropathology. This may explain their limited efficacy, while its usage is further limited by pro-

arrhythmic effects and noncardiovascular toxicity (27).
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