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NORSKE ABSTRAKTS 

The impact of real-time 
feedback by deep learning during 
echocardiographic scanning 
on test-retest variability of left 
ventricular systolic function 
measurements 
Pettersen H.1; Sabo S.1; Pasdeloup D.1; Ostvik 
A.1; Smistad E.1; Stolen SB.2; Grenne B.1; 
Lovstakken L.1; Dalen H.1; Holte E.1

1Norwegian University of Science and 
Technology, Department of Circulation and 
Medical Imaging, Trondheim, Norway

2St Olavs Hospital, Clinic of Cardiology, 
Trondheim, Norway

Background/introduction
Left ventricular (LV) ejection fraction (EF) 
is the most widely used measure of systolic 
cardiac function. LV foreshortening is a 
common problem within echocardiography 
and cause inaccuracies in estimation of EF 
and end-diastolic volume (EDV). Guidance 
of LV length during scanning could improve 
quality but has not yet been available.

Purpose
To evaluate the impact of real-time 
feedback using a robust deep learning (DL) 
tool during echocardiographic scanning to 
reduce test-retest variability in assessment 
of EF and LV EDV.

Methods
Patients scheduled for echocardiography 
were included if they were in sinus rhythm 
and had no need for use of contrast. 
Three consecutive echocardiograms were 
performed, where the first and second by 
two of three experienced sonographers 
and the third (reference) by one of four 
cardiologists in random order. Data 
collection was divided into two periods. In 
the first period, sonographers were told to 
provide high quality echocardiograms for 
analyses of LV function and no additional 
tool was provided. Thereafter, the 
sonographers were trained in use of the DL 
algorithm on 10 patients each. In the second 
period of inclusion, the real-time DL was 
used during scanning by the sonographers 
performing the second exam (Sonographer 
2), while the first (Sonographer 1) had 
participated in training but had no access 
to the DL tool. All exams included the 
standard apical views, and the reference 
exams included tri-plane recordings of the 
LV as well.
        All measurements were done 
retrospectively blinded to the others. LV 
EF and EDV were measured in four- and 
two-chamber views and averaged by the 
method of discs’ formula. The coefficients 
of variation (CoV) were compared for both 
LV EF and EDV (two groups of sonographers 
vs cardiologist) before and after the 
introduction of DL.
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Results
A total of 88 patients were included (45% 
women), 41 in period 1 and 47 in period 2. 
Mean (SD) age was 63 (16) years, LV EF 
was 53 (12) % and LV EDV was 126 (55) ml.
Main findings are shown in the table. 
There was no significant difference in 
CoV for neither LV EF nor EDV using the 
DL tool. Compared to the first period the 
sonographers not using the DL tool had 
poorer reproducibility of LV EDV in period 
2 (p ≤0.02), while there was a trend for 
reduced CoV for LV EDV for those using 
the algorithm (p = 0.11). By using the DL 
algorithm, LV foreshortening was reduced 
by 2.4 mm (p <0.001), and similarly, 
alignment of the mitral annulus was 
numerically improved (p = 0.10).  Whether 
other markers of image quality were 
changed is not known.

Conclusion
The novel real-time DL algorithm to reduce 
foreshortening provided more standardized 
recordings when used by experienced 
sonographers during scanning, but these 
changes did not result in significant 
improvement in test-retest variation. 
Further development and investigations are 

needed to significantly reduce test-retest 
variability. 

Pregnancy history and long-term 
progression of cardiomyopathy in 
LMNA genotype-positive women 
Castrini I.1; Skjolsvik E.1; Estensen M.1; 
Almaas V.1; Skulstad H.1; Lyssegen E.1; 
Edvardsen T.1; Lie O.1; Picard K.2; Lakdawala 
N.2; Haugaa K.1

1Oslo University Hospital Rikshospitalet, 
ProCardio Center for Innovation - Department 
of Cardiology, Oslo, Norway

2Brigham And Women"S Hospital, Harvard 
Medical School, Cardiovascular Medicine, 
Boston, United States of America

Background
Competitive and non-competitive exercises 
have been reported to be deleterious on 
prognosis of LMNA genotype-positive 
patients. Comparable to exercise, 
pregnancy is a prolonged hemodynamic 
stress situation.

Aims
We aimed to assess the association 
between pregnancy history and long-term 
progression of cardiomyopathy in women 



hjerteforum   N° 2/ 2022 / vol 35 108

with pathogenic or likely pathogenic 
variants of LMNA (LMNA+).

Methods
We retrospectively included consecutive 
LMNA+ females and recorded 
pregnancy data. We analyzed repeated 
echocardiographic examinations, including 
data on left ventricular (LV) end-diastolic 
diameter (EDD), LV ejection fraction (EF) 
and LV global longitudinal strain (GLS). 
We recorded the occurrence of atrial 
fibrillation (AF), atrioventricular block, 
sustained ventricular arrhythmias (VA), and 
implantation of cardiac electronic devices 
(ICD/CRT-D). We analysed retrospectively 
complications during pregnancy and 
peripartum period.

Results
We included 89 LMNA+ women (28% 
probands, age 41 ± 16 years), of which 
60 had history of pregnancy. Follow-up 
duration was 5 [IQR: 3-9] years. We 
analysed 452 repeated echocardiographic 
examinations. Women with previous 
pregnancy and nulliparous had a similar 
annual deterioration of LV EF (-0.5/year 
vs -0.3/year, p = 0.37, figure left panel), LV 
GLS (0.1/year vs 0.0/year, p = 0.35, figure 
right panel) and LV EDD (0.1/year vs 0.2/
year, p = 0.09). Number of pregnancies 
was not associated with increased long-
term risk of AF, atrioventricular block, 
sustained VA or ICD/CRT-D implantation. 

Pregnancy history was not associated 
with worse survival free from death, left 
ventricular assist device or need for cardiac 
transplantation. Arrhythmias occurred in 
9% of pregnancies. No increase of maternal 
and fetal complications was observed.

Conclusions
In our cohort of LMNA+ women, pregnancy 
was not associated with long-term adverse 
progression of cardiac dysfunction, 
worsening in arrhythmic progression or 
reduced event-free survival. Likewise, 
LMNA+ women generally tolerated 
pregnancy well, with a small proportion of 
patients experiencing arrhythmias. 

Segmental speckle tracking strain 
and strain rate in stable coronary 
artery disease 
Akay Caglayan H.1; Kjonas D.2; Jazbani M.3; 
Kornev M.1; Rosner A.1

1University Hospital of North Norway, 
Cardiology, Tromso, Norway

2University Hospital of North Norway, 
Tromso, Norway

3Stavanger University Hospital, Cardiology, 
Stavanger, Norway

Background
It is known that patients with coronary 
artery disease (CAD) display reduced
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global and regional strain and strain rate 
(SR). However, knowledge about segmental 
strain and SR in stable CAD patients is still 
limited.

Purpose
The purpose of this study was to explore 
whether segmental strain and SR analyses
are different between patients with normal 
and stenotic coronary arteries among 
individuals with chest-pain.

Methods
A total of 510 patients with chest pain, 
referred to coronary computed tomography 
angiography (CCTA) and additional 102 
patients with myocardial infarction (MI) 

were prospectively included. All patients 
underwent transthoracic echocardiography 
(TTE) with strain-rate analysis. All patients 
with CCTA-suspected CAD subsequently 
underwent invasive CAG, as well as in 
all MI patients. Global longitudinal strain 
(GLS) and average for segmental peak 
longitudinal strain during systole (PLS), 
peak systolic strain rate (PLSR S), peak 
early diastolic strain rate (PLSR E), post 
systolic shortening (PSS) measurements 
were analysed. Further, different cut-off 
values for reduced strain and SR were used 
to define the percentage of functionally 
reduced segments between patients with 
normal CAD (no CAD), MI, and stable 
CAD patients who were further treated by 
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percutaneous coronary intervention (PCI) 
or coronary artery bypass graft (CABG).

Results
As shown in the table 1,  all average 
segmental strain and SR parameters 
differed significantly between no CAD and 
MI groups. However, only PLSR E showed 
significant differences between no CAD 
and PCI groups .  PLSR E, PLS and GLS 
showed significant differences between no 
CAD and CABG groups. The percentage of 
reduced segmental strain and SR showed 
similar results. Regarding the percentage of 
pathological segments at different cut-off 
values, PLSR E showed the most significant 
difference between these four groups at a 
cut-off value 1.5 (p < 0.001) (Figure 1).

Conclusion
Patients with MI or CABG display clearly 
reduced segmental strain and SR values. 
However, in patients with chest-pain, 
segmental PLSR E seemed to be the only 
indicator revealing subtle differences 
between patients with no CAD or those 
assigned to PCI. The diagnostic value of 
PLSR E needs to be investigated in further 
studies.

The clinical influence of hand-
held ultrasound examinations by 
general practitioners in patients 
with suspected heart failure 
supported by tools for automatic 
quantification and telemedicine 
Magelssen MI.1; Hjorth-Hansen AK.1; 
Andersen GN.2; Graven T.2; Kleinau JO.2; 
Skjetne K.2; Dalen H.1; Mjolstad OC.1

1Norwegian University of Science and 
Technology, Department of Circulation and 
Medical Imaging, Trondheim, Norway

2Levanger Hospital, Levanger, Norway

Background
Heart failure (HF) affects large populations. 
Echocardiography is the diagnostic 
cornerstone related to identification 
of cardiac pathology and classification 
of the disease. The availability of 
echocardiography may be a bottleneck 
in HF diagnostics. Hand-held ultrasound 

devices (HUDs) are easy to use and 
have a high availability. So far, the clinical 
limitations of HUDs have been related to 
user experience and lack of quantification of 
cardiac function.

Purpose
We aimed to evaluate the clinical 
influence of HUDs by general practitioners 
(GPs), supported by automatic tools for 
quantification of ejection fraction (autoEF) 
and mitral annular plane systolic excursion 
(autoMAPSE), as well as telemedical 
support in HF diagnostics.

Methods
Five GPs with limited ultrasound experience 
participated in the study. They were 
equipped with a HUD with automatic 
tools for LV quantification (autoEF and 
autoMAPSE). All GPs underwent lectures 
and 6 days of practical training.
        In total, 167 patients referred to an 
outpatient cardiac clinic with suspected 
HF were included. The GPs examined the 
patients in chronological stages. First by a 
clinical examination. Secondly, by adding 
HUD, then the automatic quantification 
tools, and finally all recordings were 
transferred for telemedical support by an 
external cardiologist. At all stages, the GPs 
considered whether the patients had HF. A 
cardiologist’s clinical and echocardiographic 
examination served as a reference.

Results
Age was mean ± SD 70 ± 13 years, mean 
BMI was 29 ± 19 kg/m2 and mean NT-pro-
BNP 702 ± 1216 ng/L. Sinus rhythm was 
present in 76%. Ejection fraction was mean 
53 ± 10 %. Of the 167 patients, 28 were 
diagnosed with HF.
        The clinical importance of the HUD 
examinations is shown in the Figure. 
The GPs correctly classified 55% of the 
patients (15 with and 77 without HF) 
after the clinical evaluation. After adding 
the HUD examination, the proportion 
increased to 71% (19 with and 99 without 
HF). The proportion was highest after 
telemedical support (74%; 20 with and 
103 without). The use of HUDs with and 
without telemedicine improved the clinical 
benefit compared to the clinical evaluation, 
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p <0.001. There was no significant benefit 
after adding the automatic tools (autoEF 
55%; 15 with and 77 without, autoMAPSE 
54%; 17 with and 73 without). The 
proportion of uncertain assessment were 
lowest for HUD and telemedicine (clinical 
43 (26%), HUD only 20 (12%), autoMAPSE 
37 (25%), autoEF 41 (25%), telemedicine 
25 (15%)).

Conclusion
By adding HUD examinations to the 
clinical evaluation of suspected HF, the 
GPs diagnostic precision improved both 
in ruling in and ruling out HF. The use of 
HUDs combined with telemedical support 
had the highest proportion of correct 
reclassification. Tools for automatic 
quantification of LV function were not 
of clinical importance. Future studies 
are needed to evaluate how automatic 
quantification of cardiac function can 
support inexperienced users. 

Real-time automatic feedback 
by deep learning to reduce 
apical foreshortening in 
echocardiography 
Saeboe S.; Pettersen H.; Pasdeloup D.; 
Smistad E.; Oestvik A.; Stoelen S.; Grenne B.; 
Loevstakken L.; Holte E.; Dalen H.

Norwegian University of Science and 
Technology, Department of Circulation and 
Medical Imaging, Trondheim, Norway

Background
Left ventricular (LV) foreshortening is 
common in echocardiography and may 
impair reproducibility and estimation of 
LV function. Feedback of foreshortening 
metrics such as LV length during scanning 
could improve accuracy, however, such a 
tool has not been available.

Purpose
To evaluate the effect of feedback of LV 
length during imaging for experienced 
sonographers, measured in real-time using 
a robust deep learning (DL) based tool.

Methods
Consecutive patients (n = 108) with mixed 
cardiac pathology were included during two 
separate periods. Each patient underwent 
three echocardiograms. The first and 
second examinations were performed by 
two (of three) randomized sonographers 
and the third exam by one (of four) 
randomized cardiologists. All examinations 
included the three standard apical views 
and the cardiologists’ exam included tri-
plane recordings for reference. The data 
collection was divided in two phases. In 
the first period, the sonographers were told 
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to provide high quality echocardiograms 
for analyses of LV function. Subsequently, 
sonographers were trained in use of the 
real-time DL tool on 10 patients each. In 
period two, the algorithm was used during 
scanning by the sonographer performing 
the second exam. One expert reader 
measured LV length (subendocardial 
apex to mitral annular plane) in all exams. 
The cardiologists’ tri-plane recordings 
were analyzed and used as reference. LV 
foreshortening was calculated at end-
diastole (reference minus the operators 
LV length). Each exam was classified as 
foreshortened if the difference was ≥4 mm.

Results
After excluding those not in sinus rhythm 
(n = 9) and with need for contrast 
echocardiography (n = 11), 88 patients 
(45% women) were included (41 in period 
1 and 47 in period 2). Age was mean (SD) 
63 (16) years (45% women). Main findings 
are shown in the Table. LV length by both 
sonographer groups was significantly 
foreshortened in period 1 (mean 2.6 and 
3.5 mm), and both sonographer groups 
reduced LV foreshortening in period 2 
(both p ≤0.02). Improvement was best 
for sonographers using the real-time DL 
algorithm. These were not significantly 

foreshortened compared to the reference (p 
= 0.53), and less foreshortened compared 
to sonographer 1 (p = 0.001). Similarly, 
sonographers had more foreshortened 
examinations than cardiologist in period 
1 (sonographer groups; 15 (37%) and 
13 (32%) vs. cardiologist; 5 (12%), both 
p ≤0.03). In period 2, there was no 
difference in proportion of foreshortening 
between cardiologists and sonographer 
2 (cardiologist; 0 vs sonographer; 2 (4%, 
p = 0.5)), while sonographer 1 foreshortened 
more 11 (23%), p ≤0.003).

Conclusion
Feedback of LV length during imaging 
significantly reduced foreshortening 
in echocardiographic acquisitions by 
sonographers, and has the potential to 
improve image accuracy even in the hands 
of experienced operators. 

Sex differences in athlete"s heart 
are evident from early adolescence 
Forsaa M.1; Bjerring AW.1; Haugaa KH.1; 
Hallen J.2; Sarvari S.1; Edvardsen T.1

1Oslo University Hospital Rikshospitalet, 
Oslo, Norway
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Introduction
Athlete’s Heart (AH) is characterized 
by cardiac remodelling as a response to 
exercise, but data on sex differences in 
adolescent athletes is limited.

Purpose
To study the impact of sex on development 
of AH in adolescent athletes. We 
hypothesize that male adolescent athletes 
develop greater morphological changes 
than females, also when adjusted for body 
surface area (BSA).

Methods
We recruited 12-year-old cross-country 
skiers of both sexes in a longitudinal 
cohort study. We examined them with 
echocardiography at age 12, 15 and 18.

Results
We recruited 76 athletes (48 males and 28 
females). We could follow 48 participants 
at age 15 (34 males and 14 females), and 
34 participants at age 18 (23 males and 11 
females). There were no sex differences in 
exercise hours at any time point. Adolescent 
males had greater indexed LV end-diastolic 
volume (LV EDVi) at all time points (Figure 
1). Both sexes displayed LV enlargement 
already at age 12, and athletes of both sexes 
displayed LV EDVi close to or above upper 
reference values for the adult population. 
Only males increased their indexed LV mass 
(LVMI) from 12 to 18 years (LVM/BSA, Δg/
m²; 33 ± 27 vs 4 ± 19, P = 0.006). Male 
adolescent athletes increased their LVMI by 
7.4 grams more and LV EDVi by 4.0 ml more 
than female athletes did for every 1000 

hours of exercise training. Cardiac function 
was within normal range in both sexes 
throughout the study period.
       Sex-related differences in cardiac 
adaptation to exercise are evident from 
early adolescence. Both sexes demonstrate 
cardiac remodelling, but adolescent male 
athletes display greater morphological 
changes compared to female athletes. 
 

Classic pattern dyssynchrony 
predicting outcome in patients 
with Fontan circulation 
Rosner A.1; Mc Elhinney DB.2; Friedberg 
MK.3; Lui GK.2

1University Hospital of North Norway, 
Tromso, Tromso, Norway

2Stanford University Medical Center, 
Stanford, United States of America

3Hospital for Sick Children, Toronto, Canada

Background
Morbidity and mortality increase as Fontan 
patients age into adulthood. Limited studies 
have examined cardiac magnetic resonance 
and echocardiographic parameters to 
predict death and transplantation in 
children after Fontan operation.

Purpose
The aim of the study was to investigate 
echocardiographic parameters in 
adolescents and adults after Fontan 
operation including myocardial mechanics 
including classic pattern dyssynchrony 
(CPD) as predictors of transplantation or 
death.
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Methods
In a cross-sectional retrospective 
study, strain analysis was performed on 
echocardiography studies performed 
between 2001 and 2014 of 110 patients with 
single ventricle physiology after the Fontan 
procedure. Strain curves were measured 
and visually assessed for the presence of 
CPD. The primary end point was death or 
transplantation after a follow-up period of 
85 ± 35 months after echocardiography.

Results
Median age at date of echocardiography 
was 20, range 3 to 45 years. Of 110 patients 
28 patients were transplanted. During 
the study-period 3 patients died after 
transplantation and 7 patients died without 
being transplanted. CPD was seen in 16 and 
protein losing enteropathy (PLE) in 21 of 
110 patients. By multivariate-analysis, CPD 
(HR 9.4 CI 2.6-34.6), PLE (HR 10.6 CI 3.4-
33.2); systolic blood pressure (HR 0.954 
CI 0.913-0.996), systolic/diastolic duration 
ratio (HR 6.83 CI 1.33-35.0) and E wave 
deceleration time (HR 0.98 CI 0.97 - 0.99) 
were independently associated with the 
primary end point.

Conclusion
CPD, PLE, systolic and diastolic ventricular 
dysfunction are significantly associated with 
transplantation or death in Fontan operated 
patients. In selected patients, the presence 
of CPD may be a basis to investigate cardiac 
resynchronization therapy as a treatment 
strategy. 

No signs of diffuse myocardial 
fibrosis by T1 mapping in male elite 
endurance athletes 
Andresen K.1; Klaeboe LG.2; Lie ØH2; Broch 
K.2; Kvaslerud AB.1; Bosse GS.3; Hopp E.3; 
Haugaa KH.1; Edvardsen T.1

1Oslo University Hospital Rikshospitalet, 
Department of Cardiology and University of 
Oslo, Faculty of Medicine, Oslo, Norway

2Oslo University Hospital Rikshospitalet, 
Department of Cardiology, Oslo, Norway

3Oslo University Hospital Rikshospitalet, 
Division of Radiology and Nuclear Medicine, 
Oslo, Norway

Background/Introduction
Observational data indicating increased 
prevalence of focal myocardial fibrosis in 
endurance athletes have raised concerns 
regarding the potential detrimental cardiac 
consequences of long-term athleticism. 
Cumulative exercise and competitive 
exposure has been associated with 
focal myocardial fibrosis visualised as 
late gadolinium enhancement (LGE) 
on cardiac magnetic resonance (CMR) 
imaging. Reports of higher extracellular 
volume (ECV) in the remote myocardium 
of athletes with LGE have suggested that 
this fibrotic process may affect the entire 
myocardium. However, detailed data on 
exercise exposure and possible associations 
with diffuse myocardial fibrosis in 
endurance athletes are scarce.

Purpose
Our aim was to investigate the association 
between cumulative exercise exposure and 
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diffuse myocardial fibrosis in male elite 
endurance athletes.

Methods
In this cross-sectional observational study 
we evaluated 27 healthy adult male elite 
endurance athletes age 41 ± 9 years and 
16 healthy controls age 41 ± 12 years. All 
subjects underwent 3 T CMR including LGE 
and T1 mapping. The athletes detailed their 
exercise history from 12 years of age in a 
structured interview.

Results
Athletes had lower resting heart rate, 
enlarged cardiac chambers and increased 
left ventricular mass compared to controls, 
in accordance with the athlete’s heart 
phenotype (table 1). In contrast to what 
would have been expected in diffuse 
myocardial fibrosis, athletes had shorter 
native T1 time than controls (1214 ± 24 vs. 
1268 ± 48 ms, p < 0.001). The native T1 
time fell with increasing yearly exercise 
dose, accumulated exercise duration and 
accumulated exercise dose (r=-0.46, 
-0.51 and -0.53, p < 0.05 for all). In a 

stepwise multiple linear regression model, 
only the accumulated exercise dose was 
independently associated with native 
T1 time as shown in figure 1 (r = 0.53, 
p = 0.01). There was no clear difference 
in ECV between athletes and controls 
(22.5 ± 3.1 vs. 23.8 ± 2.0 %, p = 0.16), 
indicating that increased left ventricular 
mass in the athletes was balanced without 
disproportionate extracellular expansion. 
There was no association between exercise 
exposure and ECV. LGE was observed in 
5 (19 %) of the athletes and none of the 
controls (p = 0.14). There was no difference 
in native T1 time (1220 ± 4 vs. 1212 ± 27 ms, 
p = 0.56) or ECV (22.0 ± 1.2 vs. 22.7 ± 3.4 %, 
p = 0.69) between athletes with or without 
LGE.

Conclusion(s)
We did not observe signs of diffuse 
myocardial fibrosis in healthy elite 
endurance athletes. These results indicate 
that diffuse myocardial fibrosis is not highly 
prevalent in healthy athletes with extreme 
exercise exposure. 
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Combined assessment of 
septal scar and septal flash by 
cardiac magnetic resonance 
identifies responders to cardiac 
resynchronization therapy 
Kjellstad Larsen C.1; Duchenne J.2; Galli 
E.3; Aalen JM.1; Lederlin M.3; Bogaert J.4; 
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7Olv Hospital Aalst, Cardiovascular Center, 
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Background
Left ventricular (LV) scar, particularly in the 
lateral wall and septum, reduces response 
rate to cardiac resynchronization therapy 
(CRT), whereas a dyssynchronous LV 
contraction pattern (septal flash) suggests 
good response. Lateral wall scar abolishes 
septal flash. Therefore, a combined 
approach of septal scar and septal flash 
may characterize the myocardial substrate 
responsive to CRT. Cardiac magnetic 
resonance (CMR) may assess both scar and 
contraction pattern.

Purpose
The present study aimed to determine 
if combined assessment of septal scar 
and septal flash by CMR as single image 
modality identifies responders to CRT.

Methods
We investigated all CRT recipients 
with available CMR from a prospective, 
multicenter study (n = 136), with both 
ischemic and non-ischemic heart failure. 
Septal scar was assessed by late gadolinium 
enhancement (LGE) from a stack of short 
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axis slices (n = 128) and septal flash 
determined visually on ordinary cine 
sequences (n = 136). CRT response was 
defined as ≥15% reduction in LV end-
systolic volume by echocardiography at 
6 months follow-up. We also assessed 
heart transplantation or death of any cause 
39 ± 13 months after device implantation.

Results
In multivariate analysis including 
percentage septal scar (LGE), septal flash, 
QRS-duration and QRS-morphology, 
septal LGE and septal flash were the only 
independent predictors of CRT response 
(both p < 0.001). A combined approach of 
septal LGE and septal flash predicted CRT 
response with area under the curve 0.86 
(95% confidence interval (CI): 0.78-0.94) 
and long-term survival without heart 
transplantation with hazard ratio 0.18 (95% 
CI: 0.05-0.61).
        A practical approach to selection 
of CRT candidates by septal LGE and 

septal flash is illustrated in the present 
figure. As shown, absence of septal LGE 
indicated excellent response rate (93%) 
to CRT independent of other parameters. 
When septal LGE was present, however, 
overall response rate was substantially 
lower (58%), but presence or absence of 
septal flash separated responders from 
non-responders with high accuracy. This 
sequential approach correctly classified 
86% of patients. Importantly, the approach 
was equally accurate in patients with 
intermediate QRS duration (130-150ms), 
where 93% of patients were correctly 
classified.

Conclusions
Combined assessment of septal LGE 
and septal flash by CMR as single image 
modality identifies CRT responders with 
high accuracy and predicts long-term 
survival. 
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Reduced LVEDD following a 12 
week exercise training program 
in patients with symptomatic 
chronic heart failure is associated 
with reduction in serum levels of 
Troponin I 
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Background
Exercise training (ET) exerts many 
beneficial effects on the cardiovascular 
system, and longitudinal observational data 

from epidemiological studies suggest that 
higher physical activity is associated with 
lower concentrations of cardiac troponins. 
We have previously shown that ET can 
reduce Left Ventricle End-diastolic diameter 
(LVEDD), and improve exercise capacity.

Purpose
Our aim was to explore the relationship 
between changes in LVEDD and changes in 
high-sensitive plasma troponin I (hs-TnI) 
levels in patients with symptomatic heart 
failure undergoing a 12 week structured 
exercise training program in the randomized 
multicenter SMARTEX trial.

Methods
This was a post hoc analysis in 199 patients 
with symptomatic HF with LVEF <35% and 
NYHA II-III that were randomly assigned 
to High Intensity Interval Training (HIIT, 
n = 73), Moderate Continuous Training 
(MCT, n = 59) or Recommendation of 
Regular Exercise, (RRT, n = 67) for 12 weeks. 
Log-transformed Hs-TnI measurements and 
clinical data acquired before (BL) and after 
a 12 week exercise training intervention (12 
weeks) and at 1 year follow-up (1 year) were 
analysed using a linear mixed model. For 
Troponin analysis the STAT Troponin-I from 
Abbott Diagnostics was used.
        Nakagawa’s marginal R2 and 
conditional R2 were used to evaluate 
variance explained by fixed effects only 
and by fixed and random effects together, 
respectively.
        Changes of LVEDD between baseline 
and 12 weeks and baseline and 52 weeks 
were evaluated using linear mixed model. 
The outcome variable were measures of 
LVEDD, while age, sex, visit and training 
group and their interaction [visit × 
training group]  were included as fixed 
effects. Patient id and training center were 
random effects. Covariance structure was 
compound symmetry.
        Linear association between log-
transformed TnI and LVEDD baseline 
was evaluated using Pearson correlation 
coefficient (R).

Results
Serum was available for hs-TnI analyses in 
199 patients. In the HIIT group there was a 



hjerteforum   N°2/ 2022/ vol 35119

sustained significant reduction in LVEDD at 
both 12 and 52 weeks.
        In the MCT group this reduction was 
statistically significant at 52 weeks only.
Mixed model analysis predicts that each 1 
mm decrease in LVEDD is associated with 
1.2% decrease in TnI levels (95% CI: 0.6 – 
1.9%, p <0.001). Neither time nor training 
group were associated with changes of 
TnI (overall test p = 0.739 and p = 0.987, 
respectively).
        Dynamics of TnI is highly patient-
specific with Intraclass correlation 
coefficient (ICC) = 0.86. Mixed model 
explains 87% variation of the data 
(conditional R2), however, only 7% is 
attributed to the fixed effects (marginal R2).
        At baseline, TnI and LVEDD have 
modest but statistically significant 
correlation (R = 0.2, p= 0.004).

Conclusions
A reduction of LVEDD following a 12-week 
exercise-training program is associated 
with a reduction in plasma troponin levels, 
in patients with mild to moderate chronic 
heart failure. 
 

Echocardiographic assessment 
of diastolic dysfunction in elderly 
patients with severe aortic stenosis 
before and after aortic valve 
replacement 

Rosner A.1; Caglayan HA.1; Kjonaas D.1; 
Malm S.2; Schirmer H.3

1University Hospital of North Norway, 
Tromso, Tromso, Norway

2Universityhospital of North Norway, 
Harstad, Norway

3Akershus University Hospital, Akershus, 
Norway

Background
 The 2016 guidelines of the American 
Society of Echocardiography (ASE) and 
European Association of Cardiovascular 
Imaging (EACVI) for evaluation of left 
ventricular (LV) diastolic dysfunction do not 
adjust assessment of high filling pressures 
for patients with aortic stenosis (AS). 
However, most of the studies on this patient 
group indicate age independent specific 
diastolic features in AS.

Purpose
The aim of this study is to identify disease-
specific range and distribution of diastolic 
functional parameters and their ability to 
identify high N-terminal prohormone of 
brain natriuretic peptide (NT-proBNP) levels 
as a marker for high filling pressures.

Methods
In this study, 169 patients who underwent 
surgical aortic valve replacement (SAVR) 
or transcatheter aortic valve replacement 
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(TAVR) were prospectively enrolled. Resting 
echocardiography was performed including 
Doppler of the mitral inflow, pulmonary 
venous flow, tricuspid regurgitant flow 
and tissue Doppler in the mitral ring and 
indexed volume-estimates of the left atrium 
(LAVI). Echocardiography, and NT-proBNP 
levels were assessed before TAVR/SAVR 
and at two postoperative visits at 6 and 12 
months.

Results
Pre- and postoperative values were septal 
e´; 5.1 ± 3.9, 5.2 ± 1.6 cm/s; lateral e´ 
6.3 ± 2.1; 7.7 ± 2.7 cm/s; E/e´19 ± 8; 16 ± 7 
cm/s; E velocity 96 ± 32; 95 ± 32 cm/s; 
LAVI 39 ± 8; 36 ± 8 ml/m2, pulmonary 
artery pressure (PAP) 39 ± 8; 36 ± 8 mmHg, 
respectively.  The scoring recommended by 
ASE/EACVI detected elevated NT pro-
BNP with a specificity of 25%. Adjusting 
thresholds according to the cut-off 
values of the table increased prediction 
of  NT-proBNP levels ≥ 500 ng/L with 
substantially increased specificity (>85%).
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Conclusion
Diastolic echocardiographic parameters in 
AS indicate persistent impaired relaxation 
and NT-proBNP indicate elevated filling 
pressures in most of the patients, improving 
only modestly 6-12 months after TAVR 
and SAVR. Applying the 2016 ASE/
EACVI recommendations for detection of 
elevated filling pressures to patients with 
AS, elevated NT pro-BNP levels could not 
be reliably detected. However, adjusting 
thresholds of the echocardiographic 
parameters increased specificities to useful 
diagnostic levels. 
 
 Left atrial appendage structure 
predicts thromboembolic risk 
in 185 patients with crytogenic 
stroke/TIA without history of AF
Saberniak J.1; Skrebelyte-Strom L.1; Orstad 
EB.1; Solberg MG.2; Hilde JM.1; Ronning 
OM.3; Kjekshus H.1; Steine K.3

1 Akershus University Hospital, Department of 
Cardiology, Oslo, Norway

2 Baerum Hospital Vestre Viken Trust, 
Department of Medical Research, Gjettum, 
Norway

3 University of Oslo, Institute of Clinical 
Medicine, Oslo, Norway

Background
Cryptogenic stroke/TIA (CS) is supposed 
to be associated with intracardiac thrombus 
formation and left atrial (LA) structure, 
in particular thrombus formation in left 

atrial appendage (LAA). However, there 
is little evidence if thromboembolic risk 
is associated with LAA morphology in 
patients with CS.

Purpose
We aimed to investigate, if different 
LAA morphology types may predict 
thromboembolic risk in patients with CS.

Methods
In this prospective study (mean follow-up 
859 ± 226 days), 185 patients with CS 
(mean age 68 ±13 years, 33% female) 
without history of AF were included. 
All patients underwent complete 
transesophageal echocardiography in sinus 
rhythm after index CS (mean 5 ± 3days). 
Occurrence of LAA thrombus, sludge or 
spontaneous echo contrast (SEC) were 
defined as thromboembolic risk and 
LAA structure was evaluated by 2D and 
3D transesophageal echocardiography. 
Multilobate LAA was defined as LAA 
with  > 1 lobes.

Results
Of the 185 included patients, LAA type 
chicken wing was found in 79 (43%), type 
windsock in 64 (35%), type cactus in 35 
(19%) and type cauliflower in 7 (4%). 
Thrombus formation occurred in 29/185 
(16%), LAA sludge in 112/185 (61%), 
and LAA SEC in 74/185 (40%), which is 
increased compared to data in the general 
population. We found SEC in sludge in 
65/112 (58%), SEC in thrombus in 18/29 
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(62%) and sludge in thrombus in 27/29 
(93%). SEC and sludge were significantly 
associated with thrombus formation, 
(p < 0.001 and p < 0.01, respectively). Finally, 
thromboembolic risk occurred in 123 (67%) 
of all patients with CS. Moreover, LAA type 
chicken wing was significantly associated 
with thromboembolic risk (p < 0.01), while 
all other LAA types were not. Multilobate 
LAA occurred in 115 (62%) of all patients 
and predicted thromboembolic risk vs. non-
lobated LAA (p= 0.04). In a multivariate 
analysis LAA type chicken wing and 
multilobate LAA were independently 
predictors of thromboembolic risk, figure 1.

Conclusions
Patients with cryptogenic stroke/TIA 
without history of AF showed increased 
thromboembolic risk, and SEC and sludge 
were significantly associated with LAA 
thrombus formation. Only LAA type chicken 
wing and multilobate LAA predicted 
independently thromboembolic risk in this 
study. 
 

Sex-specific echocardiographic 
phenotypes in left ventricular 
outflow tract obstruction 
Hagen C.1; Lonnebakken MT.1; Davidsen ES.2

1 University of Bergen, Bergen, Norway

2 Haukeland University Hospital, Heart 
disease, Bergen, Norway 

Background
Previous studies have reported major sex 
differences in prevalence, demographics, 
and timing of intervention in left ventricular 
outflow tract (LVOT) obstruction. Whether 
the observed differences are related to 
LVOT anatomy is less explored.

Purpose
The aim of this study was to assess the 
anatomic substrate for LVOT obstruction by 
echocardiography to identify sex-specific 
phenotypes.

Methods
We included 76 patients (37% women) 
with symptomatic LVOT obstruction 
referred to a tertiary care centre between 
2005-2020 to be considered for septal 
ablation or myectomy. A standardized 
echocardiography was extended with 
systematic measurements of parasternal 
LVOT dimensions at 5, 10 and 15 mm below 
the aortic valve, proximal septal thickness 
at 10, 20 and 30 mm, subaortic septal 
bulge radius and aortoseptal angle in all 
patients prior to intervention (Image). 
Measurements were also adjusted for body 
surface area (BSA). A total of 3 patients had 
to be excluded from analysis due to poor 
image quality.

Results
Women were older (p < 0.001, Table), 
while there were no differences in body 
mass index (27.6 v.s. 27.5, p = ns), systolic 
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and diastolic blood pressure (133 v.s 
133 mmHg, p = ns and 75 v.s 80 mmHg, 
p = ns, respectively), or prevalence of 
hypertension (24% v.s. 29%, p = n.s). Left 
ventricular end-diastolic diameter, LVOT 
diameters and septum thickness measured 
30 mm from the aortic valve were lower 
in women (Table). However, in all these 
measurements the differences disappeared 
after adjusting for BSA. There were no sex 
differences in posterior wall thickness. 
Furthermore, the aortoseptal angle was 
steeper among women, and the septum 
bulge radius smaller, remaining so even 
after adjustment for BSA(Table).

Conclusion
In women with LVOT obstruction, the 
septum bulge radius adjusted for BSA 
was smaller, and the aortoseptal angle 
steeper. Our findings suggest that there 
may be important sex differences in the 
echocardiographic phenotype in LVOT 
obstruction. 

A new approach to artefact 
detection and its effect on the 
normal range of segmental strain 
and strain rate values 
Kornev M.; Rosner A.; Caglayan HA.

UiT The Arctic University of Norway, Tromsø, 
Norway 

Background
Definition of normal ranges of 
myocardial segmental deformation are 
important in clinical studies and routine 
echocardiographic practice. It is known 
that artefacts hamper segmental strain and 
strain rate (S/SR) analysis.

Purpose
This study is based on a new approach 
for artefact detection. We intended to 
investigate to what degree different types 
of artefacts and their localization bias the 
result of measurements and to establish 
corrected normal ranges for segmental S/
SR parameters.
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Methods
The study is based on a collaboration 
project between the Russian cross-sectional 
study "Know your heart" and the Norwegian 
"Tromso-7" study. From 2207 participants 
we identified 840 individuals (511 females 
and 329 males, age range 40-79) with 
normal cardiac function by excluding 
left ventricular ejection fraction <50%, 
moderate or severe valvular heart disease, 
LV- dilatation, pulmonary hypertension, 
Q-waves and bundle branch block signs 
on ECG, high blood pressure, history of 
heart attack, use of antihypertensive drugs 
or high level of NT-proBNP. End-systolic 
longitudinal epi- myo- and endocardial 
strain and peak systolic SR and diastolic 
SR E and SR A were assessed for the 
calculation of segmental normal ranges.
        In addition to noise and foreshortening 
artefacts, we introduced a concept of 
"curve artefact" which can be defined as 
unphysiological strain curve shapes. Panel A 
of the figure shows examples of these curve 
artefacts, A: diastolic mismatch B: blunted 
curve, and C: floating curve. All strain 

curves were assessed for the presence 
of one of these unphysiological shapes 
and 2D images were visually assessed for 
the presence of noise, reverberations, or 
missing parts of the myocardium.

Results
The bar-chart for segmental strain 
demonstrates significantly reduced strain 
values at the presence of curve artefacts 
and increased strain at the presence of 
foreshortening. Normal ranges for basal 
septal, basal, medial, and apical segments 
excluding segments with artefacts and 
foreshortening are displayed in the table. 
The presence of curve artefacts matched 
the presence of noise or other 2D image 
artefacts in 88% of cases.

Conclusions
Strain artefacts result in systematically 
reduced peak-strain values. Thus, the 
detection and exclusion of curve artefacts 
seem to be an important measure for the 
correct interpretation of strain curves for 
a definition of normalcy and pathology. 
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The selection of artefact-free strain curves 
reveals high strain and SR gradients 
increasing from epi to endocardial position 
and basal-septal towards apical segments. 
 

Left atrial mechanical 
dyssynchrony: an independent 
predictor of left ventricular 
reverse remodelling after cardiac 
resynchronization therapy 
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Voigt JU.3; Galli E.4; Khan FH.1; Sletten OJ.1; 
Smiseth

OA.1; Stugaard M.1
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Institute for Chirurgical Research, Oslo, 
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2 Oslo University Hospital Rikshospitalet, 
Department of Cardiology, Oslo, Norway

3 University Hospitals (UZ) Leuven, 
Department of Cardiovascular Sciences, 
Leuven, Belgium

4 Laboratory Signal Processing and Image, 
Department of Cardiology, Rennes, France

Introduction
Left bundle branch block (LBBB) leads 
to left ventricular (LV) mechanical 
dyssynchrony. Since the left atrium (LA) 
and the left ventricle (LV) are anatomically 
connected, dyssynchronous LV contractions 
may be transmitted to the LA causing LA 
dyssynchrony and disturbed LA function.

Purpose
To investigate if LA dyssynchrony 
induced by LBBB predicts LV reverse 
remodelling after cardiac resynchronization 
therapy (CRT).

Methods
In a prospective study, myocardial strain 
was measured by speckle-tracking 
echocardiography in 171 heart failure 
patients with LBBB, before and 6 months 
after CRT. LA dyssynchrony was measured 
as the time delay between onset systolic 
stretch of the interatrial septum and the LA 
lateral wall (white arrows in Figure), and LV 
dyssynchrony as the time from onset septal 
shortening to onset lateral wall shortening. 
Septal flash was assessed visually. 
Response to CRT was defined as at least 15 
% reduction in LV end systolic volume at 6 
months follow up.
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Results
The figure shows a representative LBBB 
patient with LA and LV dyssynchrony which 
was abolished by CRT. For the whole study 
population, LA dyssynchrony was 104 ± 77 
ms (mean ± SD) before CRT, and decreased 
to 43 ± 70 ms (p < 0.0001) after CRT. There 
was a significant correlation between LA 
and LV dyssynchrony (r = 0.68, p < 0.0001).
        LA dyssynchrony correlated with LV 
reverse remodelling after CRT (p = 0.009), 
and multivariable analysis revealed that LA 
dyssynchrony was an independent predictor 
of CRT response (β=-0.046, p = 0.04) when 
combined with septal flash, QRS duration 
and QRS morphology (Table).

Conclusions
Patients with LBBB had marked LA 
dyssynchrony which was attributed to direct 
LV-LA mechanical interaction. Furthermore, 
LA dyssynchrony was an independent 

predictor of LV reverse remodelling 
after CRT. These findings suggest that 
assessment of LA dyssynchrony should be 
part of the echocardiographic evaluation in 
patients with dyssynchronous heart failure. 
 

Automatic measurement of LV 
wall thickness from 2D cardiac 
echocardiography 
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Voigt JU.3; Galli E.4; Khan FH.1; Sletten OJ.1; 
Smiseth

OA.1; Stugaard M.1
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3 University Hospitals (UZ) Leuven, 
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Leuven, Belgium

4 Laboratory Signal Processing and Image, 
Department of Cardiology, Rennes, France

Background
The wall thickness of the left ventricle (LV) 
is an important parameter in the diagnosis 
of hypertension and more specifically in 
hypertrophic cardiomyopathy. A user-
dependent manual assessment of distances 
on 2D echocardiographic images is the 
current clinical gold-standard.

Purpose
The automation of LV wall thickness 
measurements in 2D echocardiography in 
order to improve robustness and reduce 
time of clinical reports where wall thickness 
is required, such as hypertrophy and the 
presence of Basal Septal Hypertrophy 
(BSH)(1).
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Methods
A dataset of 4-chamber (4CH) 
echocardiograms on 118 patients with a 
diagnosis of hypertension (2) is used for 
this study. The images were segmented 
automatically (3) extracting the blood 
pool and the myocardium. Based on the 
curvature of the complete myocardial 
contour, the valve annular regions are 
removed leaving the endocardial and the 
epicardial walls as independent structures. 
The wall thickness along the myocardium 
is calculated as the distance from each 
endocardial border pixel to the closest 
epicardial point  (see Figure 1). A high pass 
gaussian filter was applied to remove high 
frequency noise. Ultimately, the basal-to-
mid septal wall thickness ratio that defines 
BSH (ratio ≥ 1.4) was computed as the 
maximal of basal-septal segment divided by 
minimum of mid-septal segment. In order 
to validate the method for BSH detection, 
the wall thickness septal ratio was carefully 
measured by a clinical expert following the 
guidelines (2). The statistical agreement 
was accessed via linear correlation and 
Bland-Altman analysis.

Results
The automatic assessment of LV wall 
thickness along the myocardium is feasible 
in 2D echocardiography. The septal ratio 
showed an excellent agreement with 
manual measurements (R2 = 0.94, bias=-
0.01, see Figure 2), leading to a detection 
of BSH in n = 19 vs the n = 18 detected 
manually (1 false-negative and 2 false-
positives). In comparison to the intra and 
inter-observer variabilities of 12% and 42% 
respectively in the manual measurement 

(4), the automatic method had no variability 
for a given image acquisition.

Conclusions
The automatic measurement of myocardial 
wall thickness from a 2D echocardiographic 
images is accurate and reproducible. 
The implementation of the methodology 
in clinical practise has the potential to 
improve and automate the assessment of 
hypertrophic cardiac conditions.
 

Disease progression rate is a 
strong predictor of ventricular 
arrhythmias in patients with 
cardiac laminopathy in a 
prospective cohort study 
Rootwelt-Norberg C.1; Skjolsvik ET.1; 
Chivulescu M.1; Bogsrud MP.2; Ribe MP.1; 
Beitnes JO.1; Brekke PH.1; Haland TSF1; 
Hasselberg NE.1;

Lie OH.1; Haugaa KH.1

1 Oslo University Hospital Rikshospitalet, 
Department of Cardiology and ProCardio 
Center for Innovation, Oslo, Norway

2 Oslo University Hospital Ulleval, Unit for 
Cardiac and Cardiovascular Genetics, Oslo, 
Norway

Background/Introduction
Cardiac laminopathy is a highly malignant 
and pro-arrhythmic familial dilated 
cardiomyopathy, caused by LMNA gene 
mutations. The optimal timing of primary 
preventive implantable cardioverter 
defibrillator (ICD) is a challenge in this 
patient population.
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Purpose
We aimed to explore whether disease 
progression rate assessed by echo-
cardiography can predict ventricular 
arrhythmias in LMNA genotype positive 
patients, and to describe the cardiac 
phenotype at time of first ventricular 
arrhythmia.

Methods
We prospectively included consecutively 
recruited LMNA genotype positive patients 
in a primary prevention cohort study. 
Patients underwent repeated clinical 
and echocardiographic examinations 
during long-term follow-up. Ventricular 
arrhythmia was defined as sustained 
ventricular tachycardia, appropriate 
therapy by ICD or aborted cardiac arrest. 
We used generalized estimating equation 
analyses to assess whether individual 
patient disease progression could predict 
first-time ventricular arrhythmia. Graphical 
illustration of disease progression rate was 
presented as linear prediction by patient 
age. Cardiac function and volumes at time 
of ventricular arrhythmia was assessed 
from echocardiograms acquired ±12 months 
of the arrhythmic event.

Results
We included 94 patients with no ventricular 
arrhythmia at baseline (age 38 ± 15 years, 
32% probands, 53% female). Nineteen 
(20%) patients experienced ventricular 
arrhythmia during 4.6 (inter quartile 
range 2.1-7.3) years follow-up, at mean 
age 50 ± 11 years. We analysed 536 
echocardiographic examinations. Individual 
patient disease progression were strong 
predictors of subsequent ventricular 
arrhythmia with OR 1.3 (95% CI 1.2-1.5) 
per 5% reduction in left ventricular ejection 
fraction (LVEF), OR 1.3 (95% CI 1.2-1.5) 
per 1% worsened left ventricular global 
longitudinal strain (LVGLS), and OR 1.2 
(95% CI 1.1-1.3) per 5 ml/m2 increase 
in left ventricular end diastolic volume 
index (LVEDVi). Comparison of disease 
progression by LVEF between patients with 
and without ventricular arrhythmias is 
illustrated in Figure. At arrhythmic event, 
there was left ventricular structural- and 
functional pathology (LVEF 40 ± 12%, LVGLS 
-11.7 ± 4.3%, LVEDVi 83 ± 22 ml/m2), while 
right ventricular function was preserved 
in most patients (tricuspid annular plane 
systolic excursion 20 ± 7 mm). 

Conclusions
First time ventricular arrhythmic event 
occurred in 20% of LMNA genotype 
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positive patients during 4.6 years of follow 
up. Individual patient disease progression by 
structural and functional parameters were 
strong predictors of ventricular arrhythmias, 
indicating that the disease progression 
rate may have additional value to absolute 
measurements when considering primary 
preventive ICD implantation. 
 

Pre-intervention left ventricular 
mechanical dispersion is increased 
in patients in need for pacemaker 
after TAVI 
Kaya E.; Klaeboe LG.; Aaberge L.; Haugaa 
KH.; Edvardsen T.; Skulstad H.

Oslo University Hospital Rikshospitalet, Oslo, 
Norway

Background and Purpose
Transcatheter Aortic Valve Implantation 
(TAVI) is an effective therapy for patients 
with severe aortic stenosis. Complete 
atrioventricular block (AVB) that requires 
permanent pacemaker treatment is a 
common complication of TAVI and it is 
reported in up to one fifth of patients. 

Prediction of this complication could 
be important. Global longitudinal strain 
(GLS) and left ventricular mechanical 
dispersion (LVMD) by speckle tracking 
echocardiography (STE) are novel 
techniques that detect subtle changes 
in myocardial function and are related to 
myocardial fibrosis. Thus, we aimed to 
investigate the association between LVMD 
and AVB development after TAVI.

Methods
We retrospectively screened 168 
consecutive patients after TAVI. Patients 
with abnormal ECG and changed 
conduction pre- and post-TAVI were 
excluded. Data from the remaining 61 
patients were compared to the group 
of 16 patients in need for a permanent 
pacemaker. Baseline echocardiograms 
recorded before TAVI were used to assess 
GLS and LVMD by STE (Figure).

Results
Of the 77 patients analysed, 60% were 
female (82 ± 7 years old). The mean GLS 
values were -16.8 ± 4.2% and -16.9 ± 3.7% 
in AVB and no AVB groups, respectively 
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(p = 0.9). The mean LVMD was 60 ± 19 ms 
in AVB group and 50 ± 16 ms in no-AVB 
group (p = 0.04). (Table)

Conclusion
LVMD was increased in patients who 
developed TAVI-induced complete AVB, 
while GLS could not differentiate between 
post-procedural normal and abnormal 
electrical conduction. This finding may be 
important to identify myocardial properties 
associated with complete AVB after TAVI. 
 

Is left ventricular function reduced 
after ultra-endurance exercise? 
Witso M.; Sletten OJ.; Hisdal J.; Melau J.; 
Smiseth OA.; Remme EW.; Skulstad H.

Oslo University Hospital Rikshospitalet, Oslo, 
Norway

Introduction
Ultra-endurance exercise can be harmful 
according to previous studies, indicated 
by reduction in functional parameters and 
increase in cardiac biomarkers. Changes in 
load and heart rate with exercise influence 
left ventricle systolic function, making 
assessment of standard echocardiographic 
examination difficult.

Purpose
We investigated the effect of ultra-
endurance exercise on myocardial function 
acutely and at restitution.

Methods
We investigated 10 participants aged 46 
±7 years, before (baseline), within 142 ± 78 
minutes after finish (post run) and 5-10 
days after (restitution) an ultra-endurance 
race (3.8 km swimming, 180 km bicycling 
and 42 km running with a total elevation of 
5200 m). Echocardiography was performed 
at the three time points, including cardiac 
morphology and -function. Ejection 
fraction (EF) and stroke volume (SV) were 
measured by Simpson biplane. Cardiac 
output was calculated from SV and heart 
rate (HR). Cardiac power was calculated 
as the product of CO, mean arterial blood 
pressure and the conversion factor to Watt 
(W) 0.00222. Global longitudinal strain 
(GLS) was calculated using speckle-tracking 
echocardiography, and myocardial work 
was calculated by non-invasive pressure-
strain analysis.

Results
Acutely after exercise, myocardial function 
by GLS (p = 0.002), myocardial work 
(p < 0.001), mitral annular plane systolic 
excursion (MAPSE, p = 0.003) and EF 
(p = 0.004) were substantially reduced 
compared to baseline, whereas cardiac 
power and cardiac output (CO) were 
maintained (see table and figure). Heart 
rate was moderately increased (p < 0.001). 
End-diastolic volume (EDV) as an index 
of preload was numerically, but not 
significantly reduced. End systolic volume 
(ESV) was numerically increased (p = NS) 
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even though systolic blood pressure (sBP) 
was reduced (p = 0.01) post race. After 
restitution all parameters returned to 
baseline levels.

Conclusions
The temporary reduced strain and EF 
may be a physiologic response due to 
the higher heart rate. However, despite 
reduced systolic pressure the heart did not 
contract to a lower end systolic volume. 
This suggests loss of contractile function 
compensated by increase in heart rate. 
The findings should be explored in further 
studies. 
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Background
Few studies analyzed left atrial (LA) 
peak atrial longitudinal strain (PALS) 
determinants, particularly across heart 
failure (HF) stages. We aimed to analyze 
the pathophysiological and clinical 
PALS correlates in a large international 
prospective registry.

Methods
This is a multicenter prospective 
observational study enrolling 745 
patients with HF stages 0-C from July to 
October 2018. Data included PALS and 
left ventricular global longitudinal strain 
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(LV-GLS). Exclusion criteria were: valvular 
prosthesis; atrial fibrillation; cardiac 
transplantation; poor acoustic window.

Results
Median global PALS was 17% [24-32]. 29% 
of patients were in HF-stage 0/A, 35% in 
stage-B, and 36% in stage-C. Together with 
age, the echocardiographic determinants of 
PALS were LA volume and LV-GLS (overall 
model R²=0.50, p < 0.0001). LV-GLS had 
the strongest association with PALS at 
multivariable analysis (beta:-3.60 ± 0.20, 
p < 0.0001). Among HF-stages (Figure 
1), LV-GLS remained the most important 
PALS predictor (p < 0.0001) whereas age 
was only associated with PALS in lower 
HF-stage 0/A or B (R=-0.26 p < 0.0001, 
R=-0.23 p = 0.0001). LA volume increased 
its association to PALS moving from stage 
0-A (R=-0.11; P = 0.1) to C (R=-0.42; 
P < 0.0001). PALS was the single most 
potent echocardiographic parameter in 
predicting HF stage (AUC for B vs. 0/A 
0.81, and AUC vs. 0/A for C 0.76). PALS 
remained independently associated with 
HF stages after adjusting for ejection 
fraction, E/e’ ratio and mitral regurgitation 
grade (p < 0.0001).

Conclusion
Although influenced by LV-GLS and LA size 
across HF-stages, PALS is incrementally 
and independently associated with clinical 
status. LA function may reflect a substantial 

part of the hemodynamic consequences of 
ventricular dysfunction. 
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Introduction
Arrhythmogenic Cardiomyopathy (AC) 
is an inherited cardiac disease which is 
characterized by life-threatening ventricular 
arrhythmias and progressive cardiac 
dysfunction. Early disease detection 
and risk stratification is important as 
geno-positive subjects with and without 
symptoms may suffer from sudden cardiac 
death. We propose a patient-specific 
computer modelling approach using clinical 
imaging data, to non-invasively quantify 
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regional ventricular tissue abnormalities 
during follow-up.

Purpose
To non-invasively reveal the development 
of myocardial disease substrates underlying 
the regional RV deformation abnormalities 
in individual AC mutation carriers.

Methods
In 2 individuals carrying a plakophilin-2 
mutation, regional longitudinal deformation 
patterns of the RV free wall (RVfw, Figure 
top row strain panels) , interventricular 
septum (IVS) and left ventricular free 
wall (LVfw) were obtained using speckle-
tracking echocardiography at baseline 
during follow-up (4.2 and 9.9 years) and 
used as input for our Bayesian-based 
computational framework (Figure Left). This 
framework generates Digital Twins based on 
the CircAdapt model of the cardiovascular 
system which allows estimation of regional 
tissue properties and its associated 
uncertainties. The Digital Twins at baseline 
and during follow-up reveal evolution of 
the investigated regional tissue properties 
myocardial contractility, compliance, 
activation delay, and work.

Results
This framework was able to reproduce the 
regional deformation patterns measured 
at baseline and during follow-up (Figure 
second row strain panels). Both patients 
developed abnormal basal deformation 

patterns during follow-up. Our model 
revealed this was paired with an increase in 
heterogeneity in tissue properties. In Patient 
1, heterogeneity in contractility developed 
(75kPa/s [p=.228] at baseline to 347kPa/s 
[p<.001] at last follow-up). No activation 
delay was present in this subject (p = 0.188 
and p = 0.242 at baseline and at last 
follow-up). Heterogeneity in compliance 
developed from 0.11 (p=.014) to 0.49 /kPa 
(p=.002). Heterogeneity in work-density 
increased from 1927 (p<.001) to 5497kPa 
(p<.001). Patient 2 did not develop a 
contractile substrate (p=.336 and p=.104 
for baseline and last follow-up) or delayed 
basal activation (p=.336 and p=.190 for 
baseline and last follow-up). Heterogeneity 
in compliance and work did both develop 
from 0.04 (p=.070) to 0.1 /kPa (p=.004) 
and from 865 (p=.100) to 2504kPa 
(p < 0.001), respectively.

Conclusion
Our patient-specific modelling approach 
is able to reveal individual myocardial 
substrates including uncertainty underlying 
the regional RV deformation abnormalities 
and allows investigation of substrate 
development. Early abnormalities in RV 
longitudinal strain are most likely caused 
by increased heterogeneity in tissue 
compliance. Future studies will investigate 
whether this approach can improve early 
detection and risk stratification in geno-
positive subjects. 


