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S1. Introduction

This suplement provides additionaiethodological detail for new 2D analysis of fibrosis
distributions inwheat germ agglutinksonjugated AF488WGA) labeled cardiac tissue. It also
describes 3D cell segmentation and analysis of confocal images from methyl salicylate cleared
cardiac tissudrinally, it includes results illustrating pit@lock alternans obsergen the different

SHR age cohorts.

S2 Anatomical measurements and fibrosis distribution

Tiled images oWWGA-labeledshort axis sectionsf ratheartwere combined wittmageJ
(imagej.nih.gov}o create aingle image. Figure S1A showsexample froman18 month
animal.Initial segmentation of tissue from ntissue used binary filter to obtain a mask for the
short axis sliceKigure SB). Measurements were taken of the average thicknesses of the LV and
RV (Figure SB) and lumen area and lumen centr@tjure S1C).

Cell membranes and the ECde labeled by WGAGreateimage intensity within the boundary
mask indicates the presence of fibrosigy(re SA), while the spatial distribution of this signal
provides information on the nature and exterthd fibrosis. Using a maximum entropy

intensity filter the higher intensity pixels were segmented to differentiate the regions of fibrosis
from the rest of the tissue and create a mBgjufe SD). This filter was chosen as it was able

to duplicate the histogram based WGA fibrosis segmentation from Emde et al 2(Fat4)|

hearts, the total segmented area of fibrosis was normalised with respect-txgharea to
determine the fibrotic percentage.



Figure S1. Short axis slice representation anmgtasurementsA. Merged WGA stained short axis slichigher
intengty pixels indicate fibrosisB. Tissue segmentation (white), endocardial (green)epichrdial (red) coordinates
C. LV cavity withcentroid highlighted by asterisk. Segmented patche$ fibrosis.

To quantify and compare the distribution of fibrosis across all heartse¢imeented mask

(Figure SD) was translatedto a polarcoordinate system. For each separate individatdh in

the mask (i.e. patch of fibrosig based on the WGA intensity signal), the patehtroid and

area verecomputed. The certid position was mappeadto a polar coordinate system based on

its polar angle and transmural (wall thickness) location relative to the lumen ceRtguice(

S2A). A polar angle of Bwas defined as mid septum and® 89270 werethe LV free wall In

the transmural field 0 was the endocardium and 1 the epicardiant a | Adensitiesod o
patches were thesteterminedy discretizing the spatial field into 50 by Bils. The resultant

field was smoothed using a 2D histogram fitero cr e at e FgurdiSB at map o (
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Figure S2.Fibrosis patch distribution and densi#y. Intramural location of patches of fibrosis relative i cavity

centroid. Blue lines indicate identificaticof patch fromcavity centre.B. Heat map ofibrosis patch densitin the

polar coordinate system. Colour scale indicates influence of patch ofi§ibRexd indicates thmfluence of 2.5 or
morepatches and dark blue indicatesfibrotic influence.

90°

The heat map wagsampled to 10@B60pixelsin the transmural and polar angle axes
respectively. A thresholdi§ing avalue of 1, representirtheinfluence of one patch) was
applied to the resampled fAheat mpazxldensitpady e
extract the connectddgh-densityregions. Thesaggregatedegions of fibrosipatchesrom the
heat map irFigure SB are shown irFigure S2 aswhite regionsTheregions were
skeletonizedusing theVIATLAB ® bwskel * function,as shown irFigure S3B and Figure

S3C. Thearea of theegion with the longest skeletonizatitmmeasure of fibrotic patch density
tortuosity and, hence, possible reentrant path lehgtiferred to as the aggregated fibrosis patch
density length (AFL)Wwas normalize@cross all hearts in the dgpgiving an index between 0

and 1 This is theaggregated fibrosis patch density area (AFA) index
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Figure S3. Mask of connected regions of fibrosis and measureméntdlask of connected regions of fibrosis
(threshold of 1B. Skeletonised lengths of each sepacatatiguous region of the magk Maximum path length of
the skeletonised lengths.

This method for assessing thggregatiorof fibrosispatch densityn cardiac tissuensures that
the structure of the fibrotic patatistributionis correctly accounted for. Fibrotic structures as
barriers to coordinated activation would not be fully capturefistya maximunarea measure

* mathworks.com/help/images/ref/bwskel.html



for example. Our fibroticonsolidatiormeasurencludes both path length and araadholds
similarities to a measure of tortuosity in 2D discontinuoamgocardium that was developed and
used in the analysis &ngelman et al(2010)*

Typical examples of the spatial distributions and characteristics of fibrosis quantified using this
method applied to LV short axis slices are shown in Figure S4. The dark areas in Figure S4A are
regions ofintense WGA fluorescence due to perimysial or replacement fibrosis. The
heterogeneous distribution of these patches is highlighted in the polar distribution maps (Figure
S4B) and the analysis of fibrotic regional connectedness is shown in Figure S4C.
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Figure S4. Typical distributions of WGA staining in LV sheaxis sectionst 6, 12 and 18 month&\. Initial LV
sections, intensely dark regions stained are representative of patches of fibfesiar heat maps reflect the intensity
and regional extarand the distribution of patches of fibrogis.Characterisation of potentially connected regions of
fibrosis (white). Maximum skeletonised lengths are indicated in red.

Each high intensity ped (darker pixels in Figure 4 was also translated intodlpolar
coordinate field to quantify the distribution of the amount of fibrosis. The resulting image was
discretized into 10 and 12 segments for the transmural and polar axes respdatiuety{3J.
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Figure S5 Distribution of fibrosis (individual high intensity pixels of WGA) in circumferential and transmural
coordinate system. Transmural axes discretised into 10 sections of 0.1 units, while the circumfere htakchres
discretised into 12 radial sectioog30°. These data are equivalent to data in figures S1, S2, S3 and S4 column 3.

S3 Cellular organization and architecture

ITK SNAP (itksnap.orgy was used to manually segment the high resolution cell data into
individual cells Figure S§. The segmentation wa®nductedy a contracbperatomwith no link

to the project and its potential findings. they were unaware of potential alterations to cell
morphologywith HHD progressiop For each internal celi.é. awhole myocytdully contained

in the image volume) the longitudinal orientation was determined using the eigenvectors of the
covariance matriX. The longitudinal axis and centre of mass of the cetiethen used to
determine the cell cross sect#mrea. Cell lengths and total cell volumes were also measured,
while the surface areas were calculated using Minkowski medsDissnce maps from each
internal (whole) myocyte were generated to identify/courathibrmyocytes within a distance

of 1 voxel (0.41 pm) to the outer sarcolemma. This metas usedo provide an estimate of
likely cell coupling i.e. number of neighbiog myocytesThe rehtive volumeof the fibrosiswas
estimatedrom the WGA intensityising thelmageJ (imagej.nih.gov) implementation of the
Shanbhag filter.



Figure S6. Cell segmentations using ITK SNAR. Axial slice of tissue volumeB. Side view of tissue sectiof.
3D redering of segmented celGells nd wholly in the image volume are identified by th&incation at the image
boundaries.

S4. Induction and duration of arrhythmia

Ventricular tachycardia arentricular fibrillation (> 5 s duration) was induced in 17% of 6
month, 83% of 12 month and 100% of 18 month cohorts. The median duration of arrhythmia
induced in 6 month SHRs was 3.7 s, in 12 month 11.7 s and in 18 month 43.4 s.



S5 Rate dependentlternans

In all animals, 1:1 capture failed as the pacing rate increased and 2:1 block ocouereal.

rangeof base cycle length®CL) prior to loss of 1:kapture alternans rhythm was observed in

opticd action potential amplitudes for all animalsdaactivation timegor most animalsTable

S1 summarizes the BCL thresholds and the observed nature and prevalence of alternans. Figures
S7 to S9 illustrate alternans rhythms in 6, 12 and 18 month rats, respe@weilgll, animals

displaying discordamdctivation time (AT) alternans prior to loss of capture had significantly

higher arrhythmic risk (8.1+4.1; p < 0.005) compared to animals showing concordant or no AT
alternans (3.9+4.1Animals with discordant AT alternans were associated with a significa

higher patchy fibrosis index (0.2+0.1) compared to animals displaying concordant AT alternans
(0.07£0.09; p < 0.05) and animals displaying no AT alternans (0.02+0.02; p < 0.05).

Table S1.Summary of observed alternans onset conditions and categorization. BCL: base cycle length;of pacing
AMP: amplitude; AT: activation time

6 month (n=6)

12 month (n=6)

18 month (n=5)

Conduction block

BCL <129+10 ms

BCL < 145+21 ms

BCL < 136+14 ms

Observed alternans

BCL <139+9 ms

BCL <165+21 ms

BCL <161+14 ms

Discordant AMP alternans (% animals) 100 100 100
No AT alternals (% animals) 50 0 0
Concordant AT alternans (% animals) 33 67 40
Discordant AT alternans (% animals) 17 33 60
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Figure S7.Activation and alternans rhythm obseniads month SHRover 10 beatgrior to 2:1 blockfor BCL of

122 ms A. Optical action potential trace at indicated site on the LV free Bakctivation time sequence for each

of 10 beats. 2 ms isochronés. Optical action potential (OAP) discordant alternans shown by relative difference
between current and previous béatActivation time concordant alternans shown by difference between current and
previous beat.
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Figure S8 Activation and alternans rhytihobserved in 12 month SHR over 10 beats prior to 2:1 block for BCL of
143 ms A. Optical action potential trace at indicated site on the LV free Balctivation time sequence for each

of 10 beats. 2 ms isochron&s. Optical action potential (OAP) disrdant alternans shown by relative difference
between current and previous bdatActivation time concordant alternans shown by difference between current and

previous beat.



Figure S9. Activation and alternans rhythm observed in 18 month SHR oveai lprior to 2:1 block for BCL of

139 ms A. Optical action potential trace at indicated site on the LV free Balctivation time sequence for each

of 7 beats. 2 ms isochrongs. Optical action potential (OAP) discordant alternans shown by relatffereshce
between current and previous bdatActivation time discordant alternans shown by difference between current and
previous beat.

S6. Global LV morphology

Closed contours were fitted to the inner and outer LV surfaces of the composite WGA confocal
images of shoraixis rings. The images were acquired usiridikon TE2000 inverted confocal
microscope system (excitation wavelength 488 nrpljectve: NA 0.13,WD 16.4 mm; 6.22 x

6.22 unt pixels).Areas bounded by both contours were determined, as well as the estimated total
LV wall crosssection area, average inner and outer diameters and wall thickness for equivalent
circular contours. The dimensions from tenter of the inteventricular septum (IVS) to the
center of the LV free wall (Figure S10) and the LV wall thickness at the center of LV free wall
were also calculated. The results are given in Table S2 and the short axes slices for all animals
across allcohorts are given in Figure S10. The measured dimensions align with expectation of
increasing wall thickness from® months and then decreasing again in the 18 month animals.
Simple statistics suggest that changes in wall thickness are real but noostigmficant.
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