
regarding clinically relevant engineered heart tissue (EHT)
patches large enough for first-in-human studies are lacking.
Methods An upscaled EHT patch (approx. 3 cm × 2 cm ×
1.5 mm) consisting of 15–20 million human induced pluripo-
tent stem cell derived cardiomyocytes (hiPSC-CM) embedded
in a fibrin based hydrogel was developed. A rabbit myocardial
infarction model was then developed to test for feasibility and
efficacy of EHT grafting.
Results The patches began to beat spontaneously within 3
days of fabrication and after 28 days of dynamic culture (late
EHTs) showed the development of several mature characteris-
tics when compared to early patches (<14 days from fabrica-
tion). Late EHTs contained hiPSC-CMs which were more
aligned; showed better contraction kinetics, and faster calcium
transients.

We then tested the EHT patch in-vivo using a rabbit
model. Patches were applied to infarcted hearts (n=14 [n=7
EHT vs n=7 sham]). Sham operations used non-cellular fibrin
patches. Blinded echocardiographic analysis revealed a signifi-
cant improvement in function in infarcted hearts that under-
went EHT patch grafting (n=7; absolute difference of 10.04
± 3.1% over sham group; fractional area change, P<0.01).

In-vivo telemetry recordings (n=5 MI/sham vs n=7 MI/
EHT) indicated that no clinically relevant arrhythmia was seen
in the MI/EHT group and arrhythmia provocation protocols
(ex vivo n=5 MI/sham vs n=6 MI/EHT) confirmed that the
patch was not pro-arrhythmic (arrhythmia inducibility score
5.6 ± 1.0 [MI/patch] vs 5.0 ± 0.6 [MI/sham]; p=ns).
Conclusion An upscaled clinically relevant EHT patch was
developed and improved function in infarcted hearts without
causing arrhythmia. Therefore EHT may have specific advan-
tages over the direct intramyocardial injection of cells.
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Introduction Diabetes mellitus (DM) is an important risk fac-
tor for atrial fibrillation (AF) – the most common heart
rhythm disorder. However, the mechanisms underlying this
association are poorly understood. In addition, patients with
DM often have comorbidities, such as obesity, hypertension,
dyslipidaemia, that are also independently associated with
increased risk for AF. The aim of this project was to explore
whether prolonged hyperglycaemia alone is sufficient to
increase the risk of AF.
Methods Multiple low-dose (50 mg/kg over 5 days) intraperi-
toneal injections of streptozotocin were used to induce DM in
C57BL/6 mice. After 12 weeks of DM, left ventricular (LV)
systolic and diastolic function was characterised using echocar-
diography. In vivo atrial electrophysiological properties and
arrhythmia inducibility were assessed using transoesophageal
atrial pacing. Atrial conduction time and action potential dura-
tion (APD) and conduction velocity were measured by optical
mapping of isolated atria.
Results Diabetic mice had significantly higher probability of in
vivo AF induction (15±3% vs. 6±1%, in controls, p=0.005,
n=24–26/group), atrial ECG conduction abnormalities (longer

PQ interval in diabetic mice: 44±1 ms vs. 39±1 ms in con-
trols, p=0.001, n=24–26/group), but without any changes in
the P wave duration, RR, QRS or QT intervals. Diabetic mice
developed modest LV diastolic dysfunction (tissue Doppler E’/
A’ 1.02±0.05 vs. 1.20±0.06 in controls, p=0.04, n=11–12/
group), but no LV systolic dysfunction. In addition, diabetic
mice also had larger relative LA size (LA area/body weight
0.28±0.01 mm2/g vs. 0.23±0.01 mm2/g in controls, p=0.001,
n=11–12/group). Optical mapping revealed a two-fold greater
conduction time in diabetic left atria (LA) (39±3 ms vs. 22
±2 ms in controls, p=0.0006, n=6/group), without differen-
ces in the right atrial (RA) conduction time. The APD was
not significantly different in RA or LA. The regional analysis
of optical mapping recordings demonstrated a significant
decrease in the conduction velocity in the medial part of the
RA resulting in increased conduction wavefront roughness in
the LA. Finally, the medial part of the diabetic RA also had a
significantly higher total collagen content (5.5±0.5 mg/mg vs.
9.1±0.6 mg/mg in controls, p=0.0002, n=9–11/group), and a
decrease in the connexin 43 levels (0.92±0.05 vs. 0.66±0.4
in controls, p=0.001, n=7–8/group), with no significant
changes in other parts of the atria.
Conclusions Prolonged hyperglycaemia alone is sufficient to
cause pathological remodelling making atria more susceptible
for AF. Diabetic hearts also have modest LV diastolic dysfunc-
tion, relative LA enlargement, but no LV systolic dysfunction.
In this study, we provide evidence of a novel mechanism
where localized (rather than global) atrial fibrosis in a critical
area causes a focal conduction defect and predisposes diabetic
mice to AF.
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Background Left ventricular maximum wall thickness (MWT)
is central to diagnosis and risk stratification of hypertrophic
cardiomyopathy (HCM), but measurement has variation.
Objectives We developed a fully automated machine learning
(ML) algorithm for MWT measurement and compared it to
international experts using precision (repeatability) on a data-
set of HCM patients scanned twice with cardiovascular mag-
netic resonance (CMR).
Methods Training dataset: Endo- and epicardial end-diastolic
contours were derived using a fully-automated convolutional
neural network trained on 1,923 independent multi-centre
multi-disease cases (14 centres from 3 countries, 10 scanner
models, 2 field strengths, with balanced pathologies - health,
athletes, myocardial infarction, aortic stenosis, HCM, dilated
cardiomyopathy, infiltrative diseases) all segmented by a single
expert.

Patients: 60 HCM patients were scanned twice (scan:rescan)
in the same session (no biological variability) at different field
strengths and vendors (Siemens, GE, Philips) in 3 centres to
allow generalizability. The protocol consisted of long axis cines
and a short axis (SAX) bSSFP cine stack. Between scans,
patients were brought out of the bore, repositioned on the
table and re-isocentered.

Wall thickness: MWT was measured in the SAX cine stack
in end-diastole (scans A and B) by 11 experts (from 4

continents, 6 countries, 9 centers). For ML performance, the
contours were based on a repurposed algorithm used for brain
cortical thickness measurement, applying the Laplace equation
for all contour points – effectively creating nested smoothly
deforming surfaces from endo- to epicardium. We created
orthogonal field lines to connect endo-and epicardial points,
measured these distances and took the maximum as MWT.
Results 1320 MWT measurements by experts were analyzed.
Mean MWT varied significantly from 14.9 mm to 19.0 mm
(D4.1 mm, p<0.05). MWT measured by ML fell in the mid-
dle of the experts (5 read higher, 4 lower, p<0.05). Experts
had significantly different test:retest precision, ranging from
1.1±0.9 to 3.7±2.0 mm. ML precision performance surpassed
all humans on all measures: precision 0.7±0.6 mm, p<0.05;
Bland-Altman limits of agreement (ML 3.7 vs humans average
7.7 mm), and coefficient of variance (ML 4.3% vs experts
5.7–12.1%, p<0.05). Using ML, sudden cardiac death risk
prediction would be 1.4 to 3.1 times more precise, and a clin-
ical trial to detect a 2 mm MWT interval change would need
1.3 to 4 (mean 2.3) times fewer patients (beta=0.90,
alfa=0.05).
Conclusions ML MWT measurement in HCM is superior to all
international experts studied with implications for risk stratifica-
tion and sample sizes for clinical trials.
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