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Comparison of management and
outcomes of ST-segment elevation
myocardial infarction patients in
Estonia, Hungary, Norway, and
Sweden according to national
ongoing registries

NOMIR (Norway; n=12,414; data available for
years 2013-2016) and SWEDEHEART (Sweden;
n=23,342). Country-level results were compared
as aggregated data.
Results: Mean age ranged from 65 to 69 years
(table 1). Estonia and Hungary had compared
to Norway and Sweden a higher proportion of
women (resp. 39%; 38% vs. 29%; 31%), as well
as patients with hypertension (resp. 79%; 72%
vs. 39%; 50%), diabetes (resp. 21%; 27% vs.
14%; 19%) and peripheral artery disease (resp.
9% vs. 6%; 4%). Proportion of current smokers
was highest in Norway (38%) and lowest in
Sweden (27%). Rates of discharge medications
were generally high. The results for in-hospital
procedures and mortality are shown in table 1.
Estonia had the lowest rates of dual antiplatelet
treatment (78%) and statins (86%). Norway
had the lowest rates of beta-blockers (80%)
and angiotensin converting enzyme inhibitors/
angiotensin II receptor blockers (61%).
See table
Conclusions: This cross-country comparison of
four national European registries provide new
insights into differences in risk factors, treatment regiments and outcomes of patients with
STEMI. There are several possible reasons for
the observed differences, including differences in
underlying expected mortality in the populations,
inclusion-criteria and coverage of the registries
and variable definitions, that need to be further
explored.
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Background: There is a high need for real-world
international comparisons of management of
patients with acute myocardial infarction. In
Europe Estonia, Hungary, Norway, and Sweden are among the few countries with national
ongoing acute myocardial infarction registries
with a high degree of completeness of data.
Purpose: To compare the management and
outcome of hospitalized ST-segment elevation
myocardial infarction (STEMI) patients in four
European countries with a national ongoing
myocardial infarction registry.
Methods: We compared patient baseline characteristics, use of in-hospital procedures and
medications at discharge as well as 30-day and
1-year mortality for all patients admitted with
STEMI during 2014-2017 using EMIR (Estonia; n=4,584), HUMIR (Hungary; n=23,685),

Time trends in incidence rates of
atrial fibrillation-related strokes
in Norway 2001-2014: a nationwide analysis using data from the
cardiovascular disease in Norway
(CVDNOR) project
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Age, mean (SD)
69 (13)
65 (13)
66 (13)
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Reperfusion, n (%)
3,474 (76) 19,452 (82) 9,855 (79) 18,602 (81) Institute of Public Health,
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Diseases and Ageing - Oslo
PCI, n (%)
3,335 (73) 19,402 (82) 9,666 (78) 20,808 (89)
- Norway, 2University of
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609 (13)
3,113 (13)
1,535 (12)
2,257 (10)
Bergen, Department of Global
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Background: Stroke incidence rates declined in
Norway during 2001 to 2014. Atrial fibrillation
(AF) incidence rates were stable in the same
period.
Purpose: We aimed to study time trends in incidence (first time) of acute stroke hospitalizations
and stroke deaths associated with AF in Norway
in the period 2001-2014.
Methods: Nationwide hospital discharge diagnoses in the Cardiovascular Disease in Norway
(CVDNOR) database and in the National Patient
Registry were linked to the National Cause of
Death Registry. All hospitalizations with acute
stroke (including ischemic stroke, intracerebral
bleeding and unspecified stroke) and out-ofhospital deaths with stroke as underlying cause
in individuals 25 years and older were obtained
during 1994-2014. Incident stroke was defined as
the first hospitalization or out-of-hospital death
due to stroke with no hospitalization for acute
stroke or stroke sequela the past 7 years. Stroke
was defined as AF-related if AF was registered
during a hospitalization the past 7 years, or as
underlying or contributing cause of death up to
28 days after the stroke hospitalization. Agestandardized incidence rates with 95% confidence intervals (CIs) were calculated using direct
standardization to the age-distribution in the
Norwegian population per 2001. Age-adjusted
average yearly incidence rate ratios (IRR) with
95% CIs were estimated by negative binomial
regression analyses.
Results: From 2001 to 2014 we identified 157 580
incident stroke cases of which 38 317 were AFrelated. The proportion of incident strokes that
were related to AF increased from 20.6% in 2001
to 26.3% in 2014. Age-standardized incidence
rates of AF-related strokes per 100,000 person
years were stable at 88 (85, 92) in 2001 and 79
(76, 83) in 2014, corresponding to a 0% average
yearly change, IRR 1.00 (0.99, 1.00). The agestandardized incidence rates of non-AF-related
strokes per 100,000 person years decreased
from 334 (328, 341) in 2001 to 214 (209, 219)
in 2014, corresponding to a 3 % average yearly
decrease, IRR 0.97 (0.97, 0.97).
Conclusion: The favourable trend in total stroke
incidence rates from 2001 to 2014 does not
include AF-related strokes. This may suggest that
AF has become accountable for a higher proportion of incident strokes or that AF detection
improved over this period.

Figure 1. Age-standardized incidence rates of stroke
hospitalizations or out-of-hospital deaths per 100,000
person years (py) by year, illustrated as all strokes (blue
horizontal line) and AF-related strokes (red horizontal
line/height of red area). The height of the blue area
illustrates the rate for non-AF related strokes.

Age-related change in peak oxygen uptake and the association
to change in cardiovascular risk
factor levels. The HUNT Study,
Norway
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Background: Cardiorespiratory fitness (CRF) is
established as an important prognostic factor
for future health, and specifically for cardiovascular disease. Few large studies have examined
the longitudinal change in the gold-standard
measure of CRF, namely peak oxygen uptake
(VO2peak), in free-living populations.
Purpose: To assess the age-related change in
absolute and relative VO2peakin a previously
healthy population sample, and to assess the
influence of leisure-time physical activity (LTPA)
on age-related change in VO2peak. Furthermore,
we wanted to assess the association between
longitudinal change of VO2peak and change of
cardiovascular risk factor levels.
Methods: Participants in the third wave of
the Nord-Trøndelag Health Study (HUNT3,
2006-2008) free from cardiovascular, malignant, and pulmonary disease, and no use of
antihypertensive medication were invited to
cardiopulmonary exercise testing (CPET). Of the
4,656 participants completing a VO2peak test
in HUNT3 1,505 performed a second CPET in
HUNT4 (2017-2019). Anthropometric measures,
blood samples, and self-reported questionnai-
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Angiopoietin-2 is a long-term
predictor of all-cause mortality,
cardiac death and sudden cardiac death in chest-pain patients
with suspected acute coronary
syndrome

res for leisure-time physical activity (LTPA) e.g
was gathered at both time points. Linear mixed
models were used to explore absolute (L/min)
and relative (mL/kg/min) changes in VO2peak
by age, sex and LTPA. The effect of age, sex, and
LTPA (low, moderate, or high intensity and minutes of LTPA per week) on change in VO2peak was
explored, and age, sex, and baseline VO2peakadjusted linear regression models (excluding
participants with relevant medication use from
analyses) were used to assess the effect of
change in VO2peak on change of cardiovascular
risk factors.
Results: Average 10-year decline in relative
VO2peak was 3.9 mL/kg/min (10%) in women
and 5.5 mL/kg/min (12%) in men, increasing
from a mean 3% in those 20 to 30 years old to
about 20% in those 70 to 80 years old. The same
pattern of a non-linear, accelerating decline in
VO2peak was also found in results from the linear
mixed models as illustrated in Figure 1, with a
steeper decline for men. Both minutes and intensity of LTPA was associated with higher absolute
and relative VO2peak, but the effect of LTPA on
age-related decline in VO2peak diminished with
age. A lower decline in relative VO2peak was
associated with favourable changes of HDL cholesterol, total cholesterol (and the ratio to HDL
cholesterol), triglycerides, systolic and diastolic
blood pressure, and resting heart rate.
Conclusions: The decline in absolute and relative
VO2peak is non-linear, accelerates with age, and
is more pronounced in men. LTPA attenuated the
decline in VO2peak, but the effect diminished
with high age. Maintaining VO2peak was associated with favourable changes in cardiovascular
risk factor levels. Measures to maintain a higher
VO2peak on the populational level may convey
significant societal health benefits through cardiovascular risk reduction.
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Background: Angiopoietin-2 (ANGPT2) is an
important regulator of angiogenesis. Higher
levels of ANGPT2 have been found to be associated with an adverse cardiovascular risk factor
profile potentially reflecting maladaptive vascular
remodelling including atherosclerotic plaque
destabilization.
Purpose: To evaluate the prognostic utility of
ANGPT2 added to conventional clinical risk factors for coronary heart disease, including B-type
natriuretic peptide (BNP), troponin T (TnT) and
C-reactive protein (CRP), in patients with suspected acute coronary syndrome (ACS).
Methods: 871 chest-pain patients with clinically
suspected ACS from South-Western Norway
and 982 patients from Northern Argentina were
consecutively included in a prospective transatlantic cohort study. We measured plasmaconcentrations of ANGPT2 in admission-samples
from 1815 patients by
enzyme immunoassay.
Univariable- and multivariable Cox proportionalhazards models, applying
both loge-transformed
continuous values and
quartiles (Q1-4), were
fitted for the analysis
of all-cause mortality,
cardiac death and sudden cardiac death (SCD)
within 24-month followup. Of the patients with
suspected ACS, 838
patients had TnT release
above the detectionlimit of 0.01 ng/mL. We
performed subgroup
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Introduction: The complement cascade is an
important component of the innate immune system. Complement activation plays a major role
in chronic inflammation and has been associated
with atherosclerosis, atherosclerotic plaque
destabilization and increased risk of cardiovascular events. Complement component 7 (C7)
binds C5bC6 complex being part of the terminal
complement complex (TCC/C5b-9).
Purpose: To investigate the prognostic utility of
complement C7 for long-term outcome in patients with suspected acute coronary syndrome
(ACS).
Methods: 1853 patients from Norway and
Northern-Argentina were consecutively included
in this prospective 2-center cohort study. ANGPTL4 concentrations were measured in 1829
admission-samples by enzyme immunoassay.
Data were pooled for analysis. Multivariable Cox
proportional-hazards models were fitted for the
analysis of all-cause mortality, cardiac death and
sudden cardiac death (SCD) within 24-months,
comparing event rates across ANGPTL4-quartiles (Q1-4). Of patients with suspected ACS,
845 had a troponin T (TnT) value above the
detection-limit. Subgroup analysis was performed for all-cause mortality in patients stratified
according to TnT release >/≤ 0.01 ng/mL.
Results: During 24-months follow-up, 254 patients (13.9%) died, of which 150 (8.2%) suffered
cardiac death and 76 (4.2%) SCD. Patients who
died had significantly higher admission-levels
of ANGPTL4 compared to long-term survivors
[4.99 (3.54 – 8.37) ng/mL versus 3.18 (2.14 –
4.78) ng/mL (median, 25 and 75% percentiles),
p < 0.001]. A stepwise increase in risk of allcause death was seen with increasing quartiles of
ANGPTL4, Figure 1. For cardiac death, ANGPTL4-levels in Q4 [Hazard Ratio (HR) 2.86 (95%

analysis for all-cause mortality in patients with
and without TnT release.
Results: Median age in the total population was
66.0 (Q1-Q3; 55.0 – 76.8) years and 60.4% were
males. At 24-month follow-up, 254 patients
(14%) had died, of which 150 (8.3%) suffered
cardiac death and 76 (4.2%) SCD. ANGPT2
levels were significantly higher in patients who
died compared to long-term survivors [3.87
(2.40 – 7.54) ng/mL versus 2.11 (1.48 – 3.22)
ng/mL (median, 25 and 75% percentiles), p
< 0.001]. In multivariable analysis, ANGPT2
concentrations in the highest quartile (Q4) as
compared to the lowest (Q1) were significantly
associated with all-cause mortality [Hazard Ratio
(HR) 1.96 (95% confidence interval (CI); 1.12 –
3.42), p = 0.018) and cardiac death [HR 2.23
(95% CI; 1.01 – 4.92), p = 0.047] at 24-month
follow-up. For SCD, ANGPT2 concentrations
in both Q3 [HR 3.59 (95% CI; 1.05 -12.3), p =
0.041] and Q4 [HR 3.81 (95% CI; 1.12 – 12.9), p
= 0.032] as compared to Q1 were significantly
related to outcome. These results were confirmed using loge-transformed continuous values of
ANGPT2. ANGPT2 was also an independent predictor of all-cause mortality in both patients with
and without TnT release. For patients with TnT >
0.01 ng/mL, HR for ANGPT2 in Q4 as compared
to Q1 was 2.77 (95% CI; 1.41 – 5.44), p = 0.003.
For patients with TnT ≤ 0.01, HR for ANGPT2-Q4
was 2.67 (95% CI; 1.08 – 6.62), p = 0.034.
Conclusion: High levels of ANGPT2 were found
to independently predict all-cause mortality,
cardiac death and sudden cardiac death in chestpain patients with suspected ACS, irrespective
of clinical demographics, troponin-release, CRP
and BNP.

Angiopoietin-like 4 protein is a
long-term predictor of outcome in
chest-pain patients with suspected
acute coronary syndrome
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suspected ACS from South-Western Norway
and Northern Argentina. Data were pooled
for analysis. Univariable- and multivariable
Cox proportional-hazards models were fitted
for the analysis of all-cause mortality, cardiac
death and sudden cardiac death (SCD) within
24 months, applying both quartiles (Q1-4)
and loge-transformed continuous values of
complement C7.
Results: There were 253 (13.9%) deaths, of which
150 (8.2%) were categorized as cardiac death
and 76 (4.2%) as SCD. Complement C7 levels
were significantly higher in patients who died as
compared to long-term survivors [176.9 (142.1 –
228.7) µg/mL versus 139.8 (110.6 – 179.7) µg/mL
(median, 25 and 75% percentile), p < 0.001], and
were significantly associated with 24-month survival [log rank p < 0.001 for all-cause mortality
and cardiac death, log rank p = 0.035 for SCD].
In univariable analysis, patients with complement
C7-concentrations in the highest quartiles had
significantly increased risk of all-cause mortality
(Figure 1), cardiac death [Q4: Hazard Ratio (HR)
4.58 (95% confidence interval (CI); 2.65 – 7.92),
p < 0.001, Q3: HR 2.69 (95% CI; 1.51 – 4.80),
p = 0.001] and SCD [Q4: HR 2.83 (95% CI;
1.36 – 5.90), p = 0.005, Q3: HR 2.33 (95% CI;
1.10 – 4.92), p = 0.027] compared to patients in
the lowest quartile (Q1). After adjusting for conventional clinical risk factors for coronary heart
disease, complement C7-concentrations in Q4
[HR 2.09 (95% CI; 1.23 – 3.57), p = 0.007] and
Q3 [HR 2.21 (95% CI; 1.29 – 3.81), p = 0.004]
remained significantly associated with all-cause
mortality, reproduced using loge-transformed
continuous values.
Conclusion: High levels of complement C7
were found to independently predict long-term
all-cause mortality in chest-pain patients with
clinically suspected ACS.

confidence interval (CI); 1.10 – 7.45), p = 0.031]
as compared to Q1 were found to be an independent predictor of outcome. Similar results were
seen for SCD in adjusted analysis for ANGPTL4Q4 [HR 7.37 (95% CI; 1.75 – 31.1), p = 0.007] as
compared to Q1. In subgroup analysis, ANGPTL4
concentrations in the highest quartile were
significantly associated with increased risk of allcause mortality in patients with TnT-release [HR
2.07 (95% CI, 1.06 – 4.02), p = 0.032], but not in
patients without TnT-release.
Conclusion: High admission-levels of ANGPTL4
were found to be an independent long-term predictor of all-cause mortality, cardiac death and
SCD in patients with suspected ACS.

Complement component-7 is a
long-term predictor of all-cause
mortality in chest-pain patients
with suspected acute coronary
syndrome
R Aarsetoey1 , T Ueland2 , P Aukrust3 , AE
Michelsen2 , V Ponitz1 , T Brugger-Andersen1
, R Leon De La Fuente4 , H Staines5 , DWT
Nilsen1 , 1Stavanger University Hospital,
Department of Cardiology - Stavanger - Norway , 2Oslo University Hospital Rikshospitalet, Research Institute of Internal Medicine
- Oslo - Norway , 3Oslo University Hospital
Rikshospitalet, Section of Clinical Immunology and Infectious Diseases/Research
Institute of Internal Medicine - Oslo - Norway ,
4Centro Cardiovascular Salta - Salta - Argentina , 5Sigma Statistical Services - Balmullo
- United Kingdom of Great Britain & Northern
Ireland Methods: Complement C7 plasmalevels were measured by enzyme immunoassay
in admission samples from 1823 patients
included in a transatlantic prospective cohort
study, which consecutively included hospital
admitted chest-pain patients with clinically

Impact of cardiac remodelling on physical
fitness measured by VO2
max in preadolescent
and adolescent endurance athletes
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Background: Endurance training is
associated with both physiological

hjerteforum

N° 4/ 2020 / vol 33

94

Is there an exercise duration threshold for exercise-induced troponin
elevation in healthy recreational
athletes? - the NEEDED 2014
advanced heart rate monitor
substudy

cardiac remodelling and increased maximal oxygen uptake. The relationship between VO2 max
and cardiac dimension has not been described in
young athletes or in longitudinal studies.
Aims: This study aims to explore the impact of
cardiac remodelling on VO2 max in a cohort of
young athletes assessed at age 12, 15 and 18.
Methods: Seventy-six promising young cross
country skiers were examined at age 12 with
echocardiography, including 3D and cardiopulmonary exercise test (CPX). Forty-six (61%)
participated in the first follow-up at age 15
and 36 (47%) athletes completed the second
follow-up at age 18. The impact of left ventricular
(LV) mass and LV end-diastolic volume (EDV) on
VO2 max at each time point was assessed using
mixed model analysis. Correlation coefficients
were calculated at each time point.
Results: There were moderate to very strong
correlations between the cardiac parameters
and VO2 max at all time points (Figure). In the
full model, each improvement in VO2 max of
1000 mL/min at age 15 was associated with an
increase in LV mass of 18 g (p<0.001) and an
increase in LV EDV of 36 mL (p<0.001), while
each improvement in VO2 max of 1000 mL/
min at age 18 was associated with an increase in
LV mass of 19 g (p<0.001) and LV EDV of 31 mL
(p<0.001).
Conclusion: Physical fitness measured by VO2
max is strongly correlated to LV mass and volume in adolescent athletes, suggesting a strong
link between cardiac adaption and VO2 max in
young athletes.

M Bjorkavoll-Bergseth1, B Auestad2, O Kleiven1, O Skadberg3, T Eftestol4, T Melberg1, K
Moberg Aakre5, S Orn1, 1Stavanger University
Hospital, Department of cardiology - Stavanger - Norway, 2University of Stavanger,
Department of Mathematics and physics
- Stavanger - Norway, 3Stavanger University Hospital, Departement of Biochemistry
- Stavanger - Norway, 4University of Stavanger, Department of Electrical Engineering
and Computer Science - Stavanger - Norway,
5Haukeland University Hospital, Department
of Medical Biochemistry and Pharmacology Bergen - Norway,
Background/introduction: Following prolonged
strenuous exercise there is an exercise-induced
troponin (cTn) elevation in healthy individuals.
The precise mechanisms and clinical consequence of this cTn elevation remain to be determined. It has recently been demonstrated that
exercise intensity, exceeding a heart rate (HR) of
150 bpm, is correlated with exercise-induced cTn
elevation.
Purpose: The present work aims to determine if
there is a threshold for exercise duration with a
HR exceeding 150 bpm associated with an excessive exercise-induced cTn elevation.
Methods: A total of 177 healthy subjects were
included in the present analysis of HR data
obtained from sport watches used during a
91-km recreational mountain bike cycle race.
Clinical status, cTnI, ECGs, blood pressure and
demographics were obtained 24 h prior to-
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Background: Syncope is a
commonly occurring presenting symptom in emergency departments. While
the majority of episodes are
benign, syncope is associated
with worse prognosis in hypertrophic cardiomyopathy, arrhythmia syndromes,
heart failure, aortic stenosis and coronary
heart disease. Flagging documented syncope in
these patients may be crucial to management
decisions.
Previous studies show that the International
Classification of Diseases (ICD) codes for syncope have a sensitivity of around 0.63, leading to
a large number of false negatives if patient identification is based on administrative codes. Thus,
in order to provide data-driven, clinical decision
support, and to improve identification of patient
cohorts for research, better tools are needed.
A recent study manually annotated more than
30.000 patient records in order to develop a
natural language processing (NLP) tool, which
achieved a sensitivity of 92.2%. Since access
to medical records and annotation resources
is limited, we aimed to investigate whether
an unsupervised machine learning and NLP
approach with no manual input could achieve
similar performance.
Methods: Our data was admission notes for adult
patients admitted between 2005 and 2016 at a
large university hospital in Norway. 500 records
from patients with, and 500 without a “R55
Syncope” ICD code at discharge were drawn
at random. R55 code was considered “ground
truth”. Headers containing information about
tentative diagnoses were removed from the
notes, when present, using regular expressions.
The dataset was divided into 70%/15%/15%
subsets for training, validation and testing.
Baseline identification was calculated by a simple
lexical matching using the term «syncope». We
evaluated two linear classifiers, a Support Vector
Machine (SVM) and a Linear Regression (LR)
model, with a term frequency–inverse document
frequency vectorizer, using a bag-of-words
approach. In addition, we evaluated a simple
convolutional neural network (CNN) consisting
of a convolutional layer concatenating filter sizes
of 3-5, max pooling and a dropout of 0.5 with
randomly initialised word embeddings of 300
dimensions.

and at 3 h and 24 h after the race. Results are
reported as median and 25th and 75th percentile. We used Tree regression to determine the
association between elevated cTnI and exercise
duration exceeding a HR of 150 bpm.
Results: Subjects were 82% (n=146) males, 44
(39-51) years, with a race time of 3.5 (3.1-3.9) h.
Baseline cTnI was 1.9 (1.6 – 3.3) ng/L. There was
a cTnI elevation in all study participants at 3 h,
cTnI: 60.0 (36.0 – 99.3) ng/L, with a significant
(p<0.001) reduction at 24 hours following exercise, cTnI: 10.9 (6.1 – 22.4) ng/L. Tree regression
identified 168 min of exercise, with a HR exceeding 150 bpm, to be associated with an excessive
increase in cTnI both at 3 h, and at 24 h following
the race (figure). The median cTn values above
and below the threshold are presented in the
Table.
Conclusion: The present analysis suggests that
exceeding a specific duration of high intensity
exercise may be associated with excessive cTn
elevation in susceptible individuals.
cTnI (ng/L)

<168 min

>168 min

3 hours

46 (32-75)

73 (38-145)

24 hours

10 (5-18)

12 (6-26)

Troponin values for participants with time with
a heart rate>150 bpm. Values reported as median
(25th - 75th percentile)

Automated identification of patients with syncope in the textual
health record - a feasibility study
using machine learning and natural language processing
P Brekke1, I Pilan2, H Husby3, T Gundersen4,
FA Dahl5, P Hurlen6, OE Nytroe7, L Ovrelid2,
1Oslo University Hospital Rikshospitalet
- Oslo - Norway, 2University of Oslo, Department of informatics - Oslo - Norway, 3University of Oslo, Institute for clinical medicine,
Campus Ahus - Oslo - Norway, 4Akershus University Hospital, Data and Analytics - Akershus - Norway, 5Akershus University Hospital,
Health Services Research Unit - Akershus
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Results: Even a baseline regular expression model
achieved a sensitivity of 78% and a specificity
of 91% when classifying admission notes as
belonging to the syncope class or not. The SVM
model and the LR model achieved a sensitivity of
91% and 89%, respectively, and a specificity of
89% and 91%. The CNN model had a sensitivity
of 95% and a specificity of 84%.
Conclusion: With a limited non-English dataset,
common NLP and machine learning approaches
were able to achieve approximately 90-95%
sensitivity for the identification of admission
notes related to syncope. Linear classifiers outperformed a CNN model in terms of specificity,
as expected in this small dataset. The study
demonstrates the feasibility of training document
classifiers based on diagnostic codes in order to
detect important clinical events.

and a predictor of outcome in severe AS. The
importance of ejection dynamics in mild and
moderate AS has been less investigated.
Purpose: To investigate the impact of increased
AT/ET ratio on prognosis in patients with
mild-moderate AS.
Methods: Data from 1635 patients with asymptomatic mild-moderate AS with preserved
ejection fraction enrolled in the Simvastatin and
Ezetimibe in Aortic Stenosis study was analysed.
Covariates of higher AT/ET ratio was identified
in linear regression analysis. Outcome was
assessed in Cox regression analyses and reported
as hazard ratio (HR) and 95% confidence interval
(CI) per 1 standard deviation (SD) higher AT/ET
ratio. Median follow-up time was 4 years.
Results: The total study population included
38% female, mean age 67 years and average
peak aortic jet velocity was 3.02 m/s. Higher AT/
ET ratio was significantly associated with lower
ejection fraction, higher LV mass, higher aortic
jet velocity, lower systolic blood pressure, low
stroke volume index and lower stress-corrected
midwall shortening (all p<0.05). In Cox regression analyses, adjusting for these confounders
including age and gender, 1 SD higher AT/ET ratio
predicted a 29% increase in hazard for major
cardiovascular events, 25% for cardiovascular
death and hospitalization for heart failure and
23% increase in hazards for all-cause mortality
(Table).
Conclusion: In asymptomatic mild-moderate AS
patients free from diabetes and known cardiovascular disease, higher AT/ET ratio was associated
with increased risk for major cardiovascular
events, cardiovascular death and hospitalization
for heart failure and all-cause mortality independent of traditional risk markers.

Higher acceleration ejection time
ratio predicts impaired prognosis
in mild to moderate aortic stenosis
E Einarsen1, D Cramariuc2, E Bahlmann3,
H Midtboe2, JB Chambers4, AB Rossebo5,
E Gerdts1, 1University of Bergen – Bergen –
Norway, 2Haukeland University Hospital,
Department of Heart Disease – Bergen – Norway, 3Asklepios Clinic St. Georg, Department
of Cardiology – Hamburg – Germany, 4Guys
and St Thomas Hospital, Cardiothoracic
Center – London – United Kingdom of Great
Britain & Northern Ireland, 5Oslo University
Hospital Ulleval, Department of Cardiology –
Oslo – Norway,
Introduction: Acceleration/ejection time (AT/ET)
ratio is a marker of aortic stenosis (AS) severity,

Univariable

Multivariable

HR (95% CI)

P

HR (95% CI)

P

1.45(1.38-1.63)

<0.001

1.29(1.18-1.41)

<0.001

CV death and heart failure hospitalizations (n=94) 1.48(1.22-1.76)

<0.001

1.25(1.02-1.52) 0.032

Major CV events (n=463)
All-cause mortality (n=141)

2.14(1.34-3.42) 0.001

1.23(1.04-1.45) 0.016

Associations of 1 standard deviation higher AT/ET ratio in the total study population in uniand multivariable Cox analyses.
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Myocardial energetic efficiency is
depressed in ischemia with nonobstructive coronary arteries

g-1, p=0.026). In multivariable linear regression
analysis, MEEi remained associated with stressinduced myocardial ischemia after adjustment
for cardiovascular risk factors, SBP, LV hypertrophy, LV ejection fraction and coronary artery
plaque burden (R^2 0.26., p<0.001, Table).
Conclusion: MEEi is depressed in patients with
INOCA. Our results suggest that myocardial
ischemia negatively influences MEEi in patients
with non-obstructive coronary arteries.

I Eskerud1, C Mancusi2, I Khan1, CA Berge1,
T Larsen3, MT Lonnebakken1, 1University
of Bergen, Department of Clinical Science
– Bergen – Norway, 2Federico II University
Hospital, Department of Advanced Biomedical
Sciences – Naples – Italy, 3Haukeland University Hospital, Department of Cardiology –
Bergen – Norway,
Background: Ischemia with non-obstructive coronary arteries (INOCA) is incompletely understood. Depressed myocardial energetic efficiency
index (MEEi), the ratio between external work
and myocardial oxygen consumption, has been
shown in heart failure. However, MEEi in INOCA
has not been explored.
Purpose: To test whether MEEi is associated with
INOCA.
Methods: We included 125 patients (56%
women, age 62±9 years) with exercise-induced
chest pain and non-obstructive coronary arteries (stenosis <50%) by coronary computed
tomography angiography (CCTA). Stroke volume
(SV) and left ventricular (LV) mass were assessed by echocardiography. MEEi was calculated
as (systolic blood pressure (SBP) x SV) / (SBP
x heart rate) and normalized for LV mass. LV
hypertrophy was defined as LV mass index >46.7
g/m^2.7 in women and >49.2 g/m^2.7 in men.
Myocardial ischemia was detected by myocardial contrast stress echocardiography. Coronary
artery plaque burden was measured as plaque
volume by CCTA.
Results: In univariable regression analysis, stressinduced ischemia, male sex, diabetes, hypertension, LV hypertrophy, lower LV ejection fraction
and higher SBP were associated with MEEi
(all p<0.05). There were no associations with
age, obesity or coronary artery plaque burden.
MEEi was lower in patients with stress-induced
ischemia (n=66) compared to patients without
ischemia (0.47±0.16 vs. 0.54±0.21 ml/sec x
Β

p

Stress induced ischemia

-0.20

0.025

Male sex

-0.13

0.151

Age (years)

0.19

0.042

Diabetes

-0.20

0.020

Systolic blood pressure (mmHg)

-0.23

0.009

LV hypertrophy

-0.18

0.037

LV ejection fraction

0.19

0.028

Coronary artery plaque burden

0.004

0.964

Texture-based machine learning
in LGE-CMRI for automatic scar
assessment
VF Froysa1, GJB Jansson2, TE Eftestol2,
LW Woie2, SO Orn1, 1Stavanger University
Hospital – Stavanger – Norway, 2University of
Stavanger – Stavanger – Norway,
Background: Conventional methods for the estimation of infarct size by late-enhanced cardiac
magnetic resonance imaging use analyses from
each slice which in turn is added to generate a
volume. We present a novel method based on
machine learning, called texture based probability mapping (TPM). TPM is based upon expressing the probability of scarring in a pixel based
upon analysing textural information in patches
around each pixel.
Purpose: To explore our method and assess its
utility as a tool to scar size and compare it with
four established methods.
Methods: In 54 patients with ischemic scars, our
method was compared with four 2D methods. 2
patients were excluded due to low image quality
and artefacts. The most basal and apical short
axis image slices were excluded due to partial
volume artefacts. Myocardial infarction (MI) size
was estimated manually, and TPM performed.
Cardiac segments were defined as myocardial
regions with pixel probabilities within a specified
range. By varying the lower probability threshold
while keeping the upper threshold fixed at 1, different cardiac segments were defined. Using the
Sørensen-Dice coefficient the optimal probability
range with the highest correlation to manual
estimation of infarct size was identified.
Results: TPM-range 0.341-1.0 is best correlated
to manual demarcation (median Dice 0.70).
The method demonstrated stronger correlations
between scar size and left ventricular remodeling parameters (LV ejection fraction: r = -731, p
<0.0005, LV end-diastolic volume: r = 0.641 p
< 0.0005, LV end-systolic volume: r = 0.672p <
0.0005) compared with manual method.
Conclusion: Using TPM, infarct size can be
measured automatically without using signal
intensity as a reference value. It is without the
need for manual demarcation of the scar and
is less time consuming and less vulnerable to

Determinants of myocardial energetics efficiency index in patients with non-obstructive
coronary arteries by multivariable linear
regression analysis
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Methods: In an individual patient data
meta-analysis of high-risk MI patients,
LVEF
-,731** -,692** -,598**
-,607**
-,779**
the association of smoking to CV death
LVEDV ml m2 ,641** ,648** ,707**
,714**
,733**
was investigated. Cox proportional hazard
LVESV ml m2 ,672** ,669** ,668**
,675**
,761**
models exploring smoking status and risk
according to age and sex were performed
LVEF left ventricular ejection fraction, LVEDV left ventricuto study the relationship of smoking to
lar end-diastolic volume, LVESV left ventricular end-systolic
independently adjudicated CV death
volume. ** p < 0.0005,
endpoints.
Results: 28,771 patients from the CAPRICORN, EPHESUS, OPTIMAAL and VALIANT trials were assessed. 18,325 (64%)
reported smoking (9185 (32%) current and
9051 (32%) past), 2662 (9%) were above
≥80 years and 8607 (30%) were women.
Overall, using non-smokers as referent, the
association of smoking to CV mortality was
neutral (HR=1.07, 0.98 to 1.16, p=0.12 for
active smoking and HR=1.10, 1.02 to 1.18,
p=0.01 for past smoking). The associations
for active and past smokers with outcome,
adjusted for age and sex in the overall study
sample and according to different age and
sex categories, are presented in figure 1. In
analyses that included interaction terms, the
association for active smokers depended on
age and sex; the risk of CV mortality was
interobserver variability. It has a strong correlaweakened in women (interaction HR=0.81,
tion with left ventricular remodeling parameters
0.69 to 0.96, p=0.01) and older age (interaction
crucial in guiding further medical therapy. The
HR per 10 years increase=0.88, 0,82 to 0.95,
use of this method is however not primarily
p=0.001). In contrast, the association to CV
dedicated for scar size estimation, but a tool to
death for past smokers was not modified by sex
evaluate different properties of the tissue that
or age (p=0.86 and p=0.17 respectively).
cannot be visualized by the naked eye. It’s an
Conclusions: The association of smoking to CV
important step towards better understanding of
death differed according to age and sex in MI
myocardial damage pattern causing ventricular
complicated with left ventricular dysfunction
arrhythmia and SCD.
or overt heart failure. Significant association of
active and/or past smoking with increased risk
The association of smoking to
of CV death was mainly observed in the 60-69
cardiovascular death differs
years category. The underlying reasons of the
lack of association of smoking with outcome in
according to age and sex following
older patients in this specific context should be
myocardial infarction complicated
explored further in future studies.
TPM

Manual Schmidt et al. Yan et al. Roes et al.

by heart failure or left ventricular
dysfunction

TS Hall1, S Orn2, F Zannad3, P Rossignol3,
K Duarte3, S Solomon4, D Atar1, S Agewall1,
K Dickstein2, N Girerd3, 1Oslo University
Hospital Ulleval - Oslo - Norway, 2Stavanger
University Hospital - Stavanger - Norway,
3University Hospital of Nancy - Nancy France, 4Brigham and Women’s Hospital Boston - United States of America,
Background: Smoking is associated with higher
morbidity and mortality following myocardial
infarction (MI), but reports of the impact on
cardiovascular (CV) death in aged and female
patients experiencing MI complicated with left
ventricular dysfunction or overt heart failure are
limited.
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Treatment delay in STEMI is
associated with heart failure and
mortality. National data from the
Norwegian myocardial infarction
register

and the corresponding ORs for EF<50% were
1.07 (1.04-1.11) and 1.07 (1.04-1.11).
CONCLUSION In Norway, only 40% of STEMI
patients undergo P-PCI within 90 minutes after
FMC, and 35 % of patients undergoes P-PCI >
120 minutes after FMC. Time delays of more
than 90 minutes after FMC are associated with
increased risk of heart failure and mortality. A
fibrinolysis strategy may be preferred over P-PCI
for a substantial proportion of STEMI patients.

KK Halle1, RES Govatsmark1, KH Bonaa2,
1St Olavs Hospital - Trondheim - Norway,
2Norwegian University of Science and Technology, Department of Circulation and Medical
Imaging - Trondheim - Norway,
BACKGROUND: European guidelines in ST-segment elevation acute myocardial infarction
(STEMI) recommends a primary PCI (P-PCI)
strategy if wire crossing of the occluded artery
can be performed within 120 min of ECG
diagnosis. A large proportion of the Norwegian
population lives in remote geographical areas
where P-PCI may not be performed expeditiously.
Time delay from first medical contact to primary
PCI is expected to be related to outcomes like
heart failure and mortality. Norwegian hospitals
are by law required to register clinical data for all
patients treated for acute myocardial infarction in
the Norwegian Myocardial Infarction. The register includes > 90 % of eligible patients.
PURPOSE The aim of the study was to investigate the association of time from first medical
contact (FMC) to P-PCI with heart failure (EF
<50%) and mortality.
METHODS The study includes all patients
registered during 2015-2018 in the Norwegian
Myocardial Infarction Registry with STEMI
who were <85 years of age and had <12 hours
from symptom onset to FMC. For patients with
missing values, FMC was calculated as time of
prehospital ECG minus 10 minutes. The primary
outcome variable was heart failure (defined as
ejection fraction <50% during hospitalization) or
all-cause mortality within 1 year after hospitalization. We calculated ORs (95% CI) adjusted for
age, gender, and history of myocardial infarction,
hypertension, diabetes, and heart failure.
RESULTS During 2015-2018 a total of 6398
STEMI patients <85 years of age were registered in the Norwegian Myocardial Infarction
Registry with less than 12 hours from symptom
onset to FMC. Time delay from FMC to P-PCI
were < 90 minutes, 90-119 minutes, and > 120
minutes in 40%, 25%, and 35% of the patients,
respectively. Compared to patients with P-PCI
within 90 minutes after FMC, the multivariable
adjusted OR (95 % CI; p-value) for heart failure
or 1 year mortality was 1.05 (1.02 – 1.08; p <0.01)
for patients with P-PCI within 90-119 minutes
after FMC, and 1.05 (1.02 – 1.08; p<0.001) for
patients with P-PCI >120 minutes after FMC. The
corresponding ORs for 1 year mortality were 1.01
(0.99-1.02) and 1.03 (1.02-1.04), respectively,
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Cardiac fibroblasts acquire properties of matrifibrocytes in vitro and
in mice with pressure overloadinduced congestive heart failure
KM Herum1, G Gilles2, A Romaine3, AO
Melleby3, G Christensen3, AD Mcculloch2,
CH Brakebusch1, 1University of Copenhagen - Copenhagen - Denmark, 2University of
California, San Diego - San Diego - United
States of America, 3Oslo University Hospital
and University of Oslo - Oslo - Norway,
Introduction: Activation of cardiac fibroblasts
(CFB) is a key step in development of fibrosis in
the heart. It was recently shown that, in addition
to the well-studied myofibroblast (myoFB) phenotype, activated cardiac fibroblasts can adopt
a newly defined matrifibrocyte phenotype, characterized by expression of extracellular matrix
(ECM) genes associated with bone, cartilage and
tendon development. However, it is unknown
whether matrifibrocytes exists in the pressure-overloaded fibrotic and failing heart, and
whether substrate stiffness drives differentiation.
Hypothesis: Matrifibrocyte differentiation occurs
in vitro during culturing of primary cardiac fibroblasts, and in vivo in response to left ventricular
pressure overload.
Methods: Left ventricular pressure overload
induced by o-ring aortic banding (ORAB) induced
cardiac phenotypes of concentric hypertrophic
remodelling and congestive heart failure. Primary
CFB from adult mice were cultured on plastic
or soft polyacrylamide hydrogels (4.5 kPa) for
various times. mRNA expression of phenotypic
markers were measured by RT-PCR. Presence of
smooth muscle α-actin (SMA) fibers was determined by immunocytochemistry.
Results: ECM genes normally expressed in bone
and cartilage (COMP, CILP-2, OPG and SCX)
were upregulated in hypertrophic left ventricles
of mice with congestive heart failure. The myoFB
marker acta2 was increased 2 weeks after ORAB,
returned to baseline at 4 weeks and increased
again at 20 weeks when the left ventricle was
dilating and failing, indicating that the myoFB
phenotype is not permanent. In vitro, primary
CFB upregulated bone/cartilage-associated ECM
genes after 12 days of culturing on plastic. Acta2

100

mRNA and SMA protein levels peaked after 9
days in culture whereafter they declined, indicating a shift in phenotype. Culturing primary CFB
on soft (4.5 kPa) hydrogels delayed, but did not
prevent, myoFB differentiation while expression
of bone/cartilage ECM genes was absent or low,
indicating that high stiffness is a driver of the
matrifibrocyte phenotype. Blockers of mechanotransduction, SB431542 (TGFβRI inhibitor),
Y27623 (ROCK inhibitor) and cyclosporine A
(calcineurin inhibitor), completely inhibited
myoFB differentiation but upregulated several
matrifibrocyte markers, indicating that distinct
signaling pathways regulate myoFB and matrifibrocyte differentiation. Removing inhibitors re-induced myofibroblast markers in cells on plastic
but not on soft gels consistent with high stiffness
promoting myofibroblast differentiation.
Conclusion: Primary cardiac fibroblasts acquire
characteristics of matrifibrocytes in vitro when
cultured for long time on plastic and in vivo in
left ventricles of mice with pressure overload-induced congestive heart failure.

Register. Data were registered from 1st of January
2013 to 31st of June 2019.
Results: During this period complete data were
available for n = 5754 patients with 526 events.
ECG diagnosis to sheath insertion was a predictor of mortality with the 4th (>106 min) vs 1st
quartile (<54 min) with a HR of 1.74 (95% CI 1.36
– 2.22), p-value <0.00001. The HR increased by
1.20 (95% CI 1.11 – 1.30) per quartile (p-value for
trend <0.00001).
Nationally 62% percent of the patients received
pPCI within the ESC recommended 90 minutes
from ECG-diagnosis with large geographical
variation (range 38 – 89%). Nationally 80%
received pPCI within 115 minutes (range 75 – 202
minutes).
Conclusion: In a contemporary STEMI population, time from ECG diagnosis to sheath insertion
is a strong predictor for mortality in patients
admitted for pPCI for STEMI. However, the data
also demonstrate large variations between different geographical health regions in Norway that
should be addressed.

Time from ECG Diagnosis to
sheath insertion is a strong predictor for mortality in patients with
ST
AI Larsen1, K Loland2, S Hovland2, O Bleie2,
T Trovik3, K Hegbom4, T Larsen5, E Fossum6,
C Eek7, R Moer8, V Juliebo9, M Uchto10, S
Rotevatn2, 1Stavanger University Hospital &
Institute of Medicine, University of Bergen Stavanger - Norway, 2Haukeland University
Hospital - Bergen - Norway, 3Tromso University Hospital - Tromso - Norway, 4St Olavs
Hospital - Trondheim - Norway, 5Sorlandet
Hospital - Arendal - Norway, 6Oslo University Hospital Ulleval - Oslo - Norway, 7Oslo
University Hospital Rikshospitalet - Oslo
- Norway, 8Feiring Heart Clinic - Gardermoen - Norway, 9Akershus university hospital
- Lørenskog - Norway, 10Nordlandssykehuset
- Bodø - Norway,
Introduction: If reperfusion can be performed
within 120 minutes, pPCI is the ESC guideline
recommended treatment in patients with ST-elevation myocardial infarction (STEMI).
Aims: Historically, prognosis is dependent on
time from diagnosis to reperfusion in patients
with STEMI. We sought to investigate this in a
contemporary patient population by assessing
mortality as function of time from ECG diagnosis
to sheath insertion in the Norwegian registry for
invasive cardiology (NORIC).
Methods: NORIC, which is a part of the
Norwegian Cardiovascular Disease Registry,
is a national, mandatory and non-consensual
person-identifiable health registry. Data from
NORIC were linked with the National Population

A single high-sensitivity cardiac troponin T compared to the
HEART score for a rapid rule-out
of acute myocardial infarction at a
prehospital emergency clinic
TR Johannessen1, D Atar2, OM Vallersnes1,
ACK Larstorp3, I Mdala4, S Halvorsen2,
1University of Oslo, Department of General
Practice, Oslo, Norway, and Oslo Accident and
Emergency Outpatient Clinic - Oslo - Norway,
2Oslo University Hospital Ulleval, Department
of Cardiology and Institute of Clinical Medicine, University of Oslo - Oslo - Norway, 3Oslo
University Hospital Ulleval, Department of
Medical Biochemistry and Section of Cardiovascular and Renal Research - Oslo - Norway,
4University of Oslo, Department of General
Practice - Oslo - Norway,
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HDL, apo a1 and long-term cardiometabolic prognosis in statin-treated patients with suspected stable
angina pectoris: a prospective
cohort study

Background: Patients presenting with acute chest
pain outside of hospitals represent a diagnostic
challenge.
Purpose: We aimed to validate whether a single
high-sensitivity cardiac troponin T (hs-cTnT)
safely can rule out acute myocardial infarction
(AMI) in a primary care emergency setting.
In addition, we aimed to investigate if the
hs-HEART (History, Electrocardiogram (ECG),
Age, Risk factors, and hs-Troponin) score would
add valuable diagnostic information.
Methods: This is a secondary analysis from a
prospective diagnostic study, including 1711
patients with acute non-specific chest pain
presenting to a primary care emergency clinic
from November 2016 to October 2018. The
European Society of Cardiology (ESC) 0/1-hour
algorithm triages patients towards direct rule-out
if the 0-hour hs-cTnT is below 5 ng/L, combined with a normal ECG and a 3-hour symptom
duration. The hs-HEART score (0-10 points) was
calculated retrospectively, and a score ≤3 points
was considered low-risk. In addition, a modified
hs-HEART score, with more comparable hs-cTnT
cut-off values, was applied. The primary endpoint
was AMI during the index episode; the secondary
the 90-day incidence of AMI (including index)
and all-cause death.
Results: Among 1711 patients, 61 (3.6%) had an
AMI, and 525 (30.7%) were assigned towards
direct rule-out. With no AMIs in this group,
the rule-out safety was high (negative predictive value (NPV) and sensitivity 100 %). The
hs-HEART score triaged more patients (n=966)
as low-risk, but missed six AMIs (NPV 99.4%
and sensitivity 90.2%). The modified hs-HEART
score (n=707, AMI=3) increased the low-risk
sensitivity to 95.1%. The 90-day incidence of
AMI and all-cause death in the direct rule-out,
low-risk hs-HEART, and modified hs-HEART
group, were 0.0%, 0.7%, and 0.4%, respectively.
Conclusions: The ESC direct rule-out approach,
with a single hs-cTnT below 5 ng/L, combined
with a normal ECG, and a 3-hour symptom
duration, is superior to the two hs-HEART scores
in ruling out AMI in a primary care emergency
setting.
Index episode
AMI
n = 61

I Karaji1, HA Strand2, EJA Uggla2, MT
Lonnebakken2, K Vikenes1, OK Nygaard2, E
Pedersen1, 1Haukeland University Hospital
- Bergen - Norway, 2University of Bergen Bergen - Norway,
Background: Reduced serum levels of high density lipoprotein cholesterol (HDL-C) is a hallmark
of the metabolic syndrome. Epidemiologic studies have reported an inverse correlation between
HDL- C and cardiovascular disease (CVD) risk.
However, recent works suggest that the association is strongest in healthy individuals. Changes
in particle number and functional properties of
HDL may more closely reflect CVD prognosis in
patients with pre-existent disease. The majority
of such patients receive statin treatment, which
affects both HDL-C levels, and particle composition. Hence, serum apoA1 and the HDL-C:apoA1
ratio have been proposed as more sensitive
indicators of cardio-metabolic prognosis.
Purpose: We studied the associations of serum
HDL-C, apoA1 and the HDL-C: apoA1 ratio to
long term risk of CVD mortality and incident type
2 diabetes (T2D) patients with suspected stable
angina pectoris (SAP).
Methods: A total of 41064 patients underwent
elective coronary angiography in 2000-2004
and were followed-up for CVD mortality throughout 2016. In a subgroup of 2519 participants
without verified or possible diabetes at baseline,
the associations to incident type 2 diabetes
(T2D) were evaluated throughout 2014. Information on clinical endpoints was obtained through
national health registries. Risk estimates are
reported per 1 SD increment of (log transformed)
biomarkers and were calculated by cox or logistic
regression. We explored risk classification by
calculating the continuous net reclassification
improvement (NRI).

Diagnostic performance
Sensitivity
(95 % CI)

Specificity
(95 % CI)

Classification
n (%)

Total
n = 1711

ESC direct rule-out*
(0-hour algorithm)

525
0
100 %
31.8 %
100 %
(30.7 %) (0.0 %) (94.1-100.0) (29.6-34.1) (99.3-100.0)

0.0 %

hs-HEART†
(Low-risk 0-3 points)

966
6
90.2 %
58.2 %
(56.5 %) (0.6 %) (79.8-96.3) (55.8-60.6)

99.4%
(98.7-99.7)

0.7 %

Modified hs-HEART‡
(Low-risk 0-3 points)

707
(41.3 %)

99.6 %
(98.7-99.9)

0.4 %

3
95.1 %
42.7 %
(0.4 %) (86.3-99.0) (40.3-45.1)

NPV
(95 % CI)

Prognostic
performance
90-day AMI or
all-cause death

* ESC direct rule-out: single hs-cTnT < 5ng/L, non-ischaemic ECG, and > 3-hour symptom
duration † hs-cTnT criteria: ≤ 14 ng/L (0 points), 15-41 ng/L (1 point), and ≥ 42 ng/L (2
points) ‡ hs-cTnT criteria: < 5 ng/L (0 points), 5-51 ng/L (1 point), and ≥ 52 ng/L (2 points)
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lege of Medicine - Seoul - Korea (Republic
of ), 6Nagoya University Graduate School of
Medicine - Nagoya - Japan, 7The Methodist
Hospital - Houston - United States of America,
Background: When evaluating left ventricular
filling pressure (LVFP) according to current
guidelines, tricuspid regurgitation (TR) velocity is
often not available.
Purpose: In the present study we investigate
if left atrial (LA) reservoir strain may be used
instead of TR velocity for evaluation of LVFP.
Methods: We performed a prospective, multicenter, multinational and multivendor study
in an all comer population of 322 patients with
suspected heart failure or other cardiovascular
disease where LVFP was measured by right- or
left heart catheterization, as pulmonary capillary
wedge pressure or pre-A LV diastolic pressure,
respectively. Echocardiography was performed
within 1 day of catheterization.
101 patients classified as special populations in
the 2016 ASE/EACVI recommendations (i.e.
non-cardiac pulmonary hypertension, atrial
fibrillation, hypertrophic and restrictive cardiomyopathies) were excluded. Of the remaining
221 patients, 118 patients had EF ≥ 50% and 103
patients had EF <50%. Regression analysis was
performed for LA reservoir strain and TR velocity
against LVFP. LA reservoir strain at a cut-off value
of <18% was applied instead of TR velocity in the
2016 ASE/EACVI algorithm and compared with
the current algorithm.
Results: LA reservoir strain correlated better with
LVFP than TR velocity, r= 0.62 vs 0.40 (p<0.01)
(Figure 1). When replacing TR velocity with LA
reservoir strain, the feasibility of the ASE/EACVI
2016 algorithm increased from 91.8% to 98.1%.
The accuracy of the algorithm was not significantly altered (80% vs 79%).
An accuracy of 80% for the algorithm is lower
than what has been reported in earlier publications, this may be due to inclusion of patients
without suspected heart failure and no assessment of clinical data, which in turn may have
influenced the accuracy of the algorithm.

Results: At inclusion, median (25th-75th
percentiles) age was 62 (55-70) years, 28%
were women 76% had obstructive coronary
artery disease and 80% received statins. During
median (25th-75th percentiles) 13.9 (12.0-15.3)
years of follow-up, 14.1% of the participants died
from CVD. After multivariate adjustment (age,
gender, body mass index, HbA1c, triglycerides,
statin treatment, fasting status) HDL and apoA1,
but not the HDL: apoA1 ratio, significantly predicted CVD mortality. The hazard ratio (HR) and
95% confidence interval (CI) was: 0.86 (0.780.94), 0.88 (0.80-0.98) and 0.96 (0.86-1.03)
for HDL-C, apoA1 and the HDL-C:apoA1 ratio,
respectively. HDL-C was the only of the evaluated biomarkers providing a significant NRI (95%
CI) of 0.14 (0.04-0.19). In the subset evaluated
for incident T2D, HDL-C provided multivariate
adjusted odds ratios (OR; 95% CI) and NRI (95%
CI) of 0.69 (0.58-0.82) and 0.34 (0.21-0.47) for
new onset TSD. The corresponding OR (95%CI)
and NRI (95%CI) for apoA1 were: 0.85 (0.730.99) and 0.20 (0.06-0.33), respectively. The
HDL:apo A1 ratio provided an OR (95%CI) of
0.66 (0.55-0.80) and NRI (95% CI) of 0.24
(0.11-0.37) for T2D. No significant effect modifications according to statin treatment were found
(P ≥0.22).
Conclusion: Among patients with suspected SAP,
of which the majority received statins, HDL-C
was non-inferior to apoA1 and the HDL:apoA1
ratio in predicting long term risk of CVD mortality and T2D.

Assessment of left ventricular filling pressure: Left atrial reservoir
strain is an excellent replacement
for missing tricuspid regurgitation
velocity
F Khan1, K Inoue2, EW Remme1, OS Andersen1, E Gude1, H Skulstad1, M Chetrit3,
E Garcia-Izquierdo Jaen4, JW Ha5, AL
Klein3, S Kikuchi6, N Ohte6, SF Nagueh7, OA
Smiseth1, 1Oslo University Hospital Rikshospitalet - Oslo - Norway, 2Ehime University
Graduate School of
Medicine, Department of Cardiology,
Pulmonology,
Hypertension &
Nephrology - Ehime
- Japan, 3Cleveland
Clinic - Cleveland
- United States of
America, 4University Hospital Puerta
de Hierro Majadahonda - Madrid
- Spain, 5Yonsei
University Col-
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Conclusion: LA reservoir strain has better correlation to LVFP than TR velocity, and can be used
in the ASE/EACVI 2016 algorithm for estimation
of LVFP as a replacement when TR velocity is
missing.

Which single echo parameter is the
best marker of left ventricular filling pressure?
F Khan1, K Inoue2, EW Remme1, OS Andersen1, E Gude1, H Skulstad1, M Chetrit3,
E Garcia-Izquierdo Jaen4, JW Ha5, AL
Klein3, S Kikuchi6, N Ohte6, SF Nagueh7, OA
Smiseth1, 1Oslo University Hospital Rikshospitalet - Oslo - Norway, 2Ehime University
Graduate School of Medicine, Department
of Cardiology, Pulmonology, Hypertension &
Nephrology - Ehime - Japan, 3Cleveland Clinic
- Cleveland - United States of
America, 4University Hospital
Puerta de Hierro Majadahonda - Madrid - Spain, 5Yonsei Echo parameter
University College of Medicine
- Seoul - Korea (Republic of ),
E/LA reservoir strain
6Nagoya University Graduate
LA reservoir strain
School of Medicine - Nagoya Japan, 7The Methodist Hospital E/e’
LA volume
- Houston - United States of
America,
GLS
TR velocity
Background: Estimation of left
ventricular filling pressure (LVFP)
is highly relevant in clinical practice. Invasive pressure remains the gold standard,
but a number of echocardiographic parameters
that correlate with LVFP are used as non-invasive
markers of pressure.
Purpose: We investigated how different echocardiographic parameters correlated with invasively measured LVFP, and how accurately those
parameters could differentiate between normal
or elevated LVFP.
Method: We performed a prospective, multicenter, multinational and multivendor study in an all
comer population of 322 patients with suspected
heart failure or other cardiovascular disease. 194
patients had EF ≥ 50% and 129 had EF <50%.
LVFP was measured by right- or left heart catheterization, as pulmonary capillary wedge pressure or pre-A LV diastolic pressure, respectively.
When excluding all special patient populations
defined in the 2016 recommendations for echocardiographic evaluation of LV diastolic function,
213 patients remained. Of these 135 had EF ≥
50% and 74 had EF <50%.
Echocardiography was performed within 1 day of
catheterization. Previously recommended cut-off
values for established parameters were used to
determine the accuracy of classifying LVFP as
normal or elevated. For left atrial (LA) reservoir

hjerteforum

N° 4/ 2020 / vol 33

104

strain, based on ROC analysis, a cut-off value of
< 18% was used as marker of elevated LVFP.
Results: LA reservoir strain and the ratio of peak
mitral early flow velocity (E) and LA reservoir
strain (E/LA strain) showed the best correlations
to LVFP (Table 1, Figure 1). They also had the
highest accuracy, 75% for both, in classifying
LVFP as normal or elevated in the whole patient
population. E/LA reservoir strain provided no
additional diagnostic value to using LA reservoir
strain alone.
In HFpEF patients accuracy was essentially
similar for LA strain, E/LA strain and E/e’, whereas in HFrEF patients the two former tended to
be better than E/e’.
Conclusion: Parameters containing LA reservoir
strain showed the best correlation to LVFP. This
indicates that LA reservoir strain may have a role
in evaluation of LVFP.
Correlation to Cut-off value
LVFP (r-value). for elevated
LVFP
*p<0.001

Accuracy
Accuracy
without
in whole
special
population
populations

0.61*

>4.1

75%

74%

-0.58*

<18%

75%

73%

0.45*

>14

68%

70%

0.36*

>34ml/m2

68%

67%

-0.50*

<16%

63%

64%

0.25*

>2.8m/s

62%

69%

Correlation between LA reservoir strain and LVFP
in whole population. The coloured area shows
patients that were correctly classified using a cut-off
value of <18% for LA reservoir strain as a marker for
elevated LVFP.

Biomarkers in patients with cryptogenic stroke/TIA and subclinical
atrial fibrillation
H Kjekshus1, L Skrebelyte-Strom1, V Bakkelund2, H Arnesen3, OM Ronning2, K Steine1,
I Seljeflot3, 1Akershus University Hospital,
Department of Cardiology - Akershus - Norway, 2Akershus University Hospital, Department of Neurology - Akershus - Norway, 3Oslo

University Hospital Ulleval, Center for Clinical Heart Research, Department of Cardiology
- Oslo - Norway,
Background: A large proportion of patients with
cryptogenic stroke or transitory ischemic attack
(TIA) have underlying subclinical atrial fibrillation (SCAF) detected on follow up. It is not clear
whether SCAF is the underlying primary entity
in the pathogenesis of stroke in these patients,
or merely a marker of atrial myopathy associated with left atrial remodeling, fibrosis and
inflammation.
Purpose: As a hypothesis generating study, we
investigated a panel of selected biomarkers
involved in fibrosis, inflammation, and thrombosis: growth differentiation factor 15 (GDF-15),
transforming growth factor b (TGFb), galectin-3,
soluble suppressor of tumorgenicity2 (sST2),
von Willebrand factor (vWF), Tissue metalloprotease1 (TIMP1), Matrix metalloprotease9
(MMP9), Emmprin, Interleukin6 (IL6), C-reactive
protein (CRP), Tissue factor (TF), Plasminogen
activator inhibitor (PAI1), and their relation to the
occurrence of SCAF during follow-up in patients
after cryptogenic stroke or TIA. We hypothized
that biomarker levels were increased in patients
with subclinical AF.
Methods: 236 patients, median age 71 years
(range 21-94) of which 38% were women, with
their first cryptogenic stroke or TIA were included 2-4 days after the index event and followed
with an Implantable Cardiac Rhythm Monitor for
>1 year. Echocardiography and blood sampling
were performed at inclusion. ELISA methods
were used.
Results: SCAF occurred in 84 patients (36%).
Only GDF-15 was significantly increased in AFvs no-AF patients: 1010 pg/mL (inter quartile
range: 814-1416) vs 860 pg/mL (inter quartile
range: 622-1197) (p=0.018), and correlated with
the number of premature atrial contractions
(PAC)/24h (by Holter ECG during index hospitalization) (rs=0.314, p<0.001) and AF-burden
during follow-up (rs=0.149, p=0.022). Furthermore, there was a significant trend across quartiles of GDF-15 for having AF, and patients in the
three highest quartiles (Q2-4) compared with
Q1 had an odd ratio of having AF of 2.16 (95%
CI 1.10-4.25), adjusted for sex and body mass
index. The significance, however, was lost when
adjusting for age, which correlated significantly
to GDF-15 (rs=0.283; p<0.001). ROC curve
analyses showed an AUC of 0.593 (0.52-0.68)
for GDF-15 compared to 0.617 (0.54-0.69) for
age. GDF-15 was also associated with co-morbidities such as hypertension (p<0.001), diabetes
(p<0.001), and vascular disease (p<0.001).
Conclusion: In patients with a cryptogenic stroke
or TIA experiencing SCAF during follow up, only
levels of GDF-15 were elevated and correlated
with PAC/24h and AF-burden. However, GDF-15

was highly related to age and co-morbidities and
did not add significantly to the prediction of AF in
a multivariate analysis.

Is cardiac troponin elevation following strenuous exercise clinically
relevant in healthy subjects?
S Orn1, TH Melberg1, T Omland2, O Skadberg3, MF Bjorkavoll-Bergseth1, CB Erevik1,
MW Hansen1, B Auestad4, R Bergseth1, KM
Aakre5, O Kleiven1, 1Stavanger University
Hospital, Cardiology - Stavanger - Norway,
2Akershus University Hospital, Cardiology
Dept. - Oslo - Norway, 3Stavanger University
Hospital, Dept. of biochemistry - Stavanger
- Norway, 4University of Stavanger, Dept.
of Mathematics and Physcis - Stavanger Norway, 5Haukeland University Hospital,
Hormone laboratory - Bergen - Norway,
Background: Exercise causes an increase in
cardiac troponin (cTn) levels. Exercise-induced
myocardial injury (cTn > the 99th percentile)
has been associated with adverse cardiovascular
(CV) outcomes in older subjects with CV risk
factors. The long-term clinical implications of
exercise-induced cardiac troponin elevations in
healthy individuals has not been determined.
Purpose: To assess the association between
exercise-induced cardiac troponin increase above
the 99th percentile and all-cause death, myocardial infarction, revascularization, sudden cardiac
arrest, heart failure admission and stroke during
5-years follow-up in a large cohort of healthy
recreational athletes.
Methods: 1002 healthy subjects that completed
a 91-km bike race in 2014 were eligible. Followup data was available for 991 subjects (99%).
High-sensitivity cardiac troponin I (cTnI) and T
(cTnT) were obtained 24h prior to the race, and
at 3h and 24h after the race in 2014.
Results: Median age was 46 (25th-75th percentile: 40-53) years at inclusion, and 776 (78%)
were male. Race duration was 3.8 (3.4-4.3)
hours. At 3-hours following the race 821 (82.8
%) of subjects exceeded the sex-specific 99th
percentile of the cTnI assay and 910 (91.8 %) of
the cTnT assay. At 24-hours following the race
168 (17%) of subjects exceeded the sex-specific
99th percentile of the cTnI assay and 263 (27 %)
of the cTnT assay. During 5 years of follow-up 12
subjects (1.2 %) suffered a CV event. Exerciseinduced cardiac troponin increase above the 99th
percentile was not associated with increased
risk of adverse CV events, neither at 3-hours
nor at 24-hours following the race (Figure). This
finding was further supported by no significant
relationship between adverse CV events and cTnI
or cTnT at any time-point, assessed as continuous variables.
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provide a greater risk
for CVD.
Purpose: To investigate whether lipoprotein subfractions
are associated with
the presence and
extent of coronary
atherosclerosis.
Methods: Fasting
serum samples from
60 participants with
suspected stable
CAD were collected
before scheduled
coronary angiography, and analysed
by nuclear magnetic
resonance (NMR).
The presence and
extent of atherosclerosis were quantified
by the Gensini Score.
Participants were
classified into one of
three Gensini groups based on severity (< 20.5,
normal; 20.6-30, non-significant CAD; > 30.1,
significant CAD).
Results: A three-way ANOVA, adjusted for statin-use and sex, revealed statistically significant
differences (p < 0.005) in LDL-5 particle number,
LDL-5 triglycerides, and LDL-5 phospholipids
between the Gensini groups. In addition, significant differences (p < 0.005) were found in the
ratios apolipoprotein A/apolipoprotein B and LDL
cholesterol/HDL cholesterol between the Gensini groups. All significant variables, identified
by the three-way ANOVA, displayed the highest
levels in the Gensini group with significant CAD.
Conclusion: Despite no difference in the traditional clinical measurements (total cholesterol,
LDL cholesterol, HDL cholesterol and triglycerides), NMR-lipidomics revealed significant
differences in LDL-5 between the Gensini groups.
Interestingly, our results reveal that those with
significant CAD have a higher density of small
LDL subfractions.

Conclusion: Myocardial injury, defined as a
cardiac troponin level above the 99th percentile,
occurs frequently following strenuous exercise.
In the present study, however, healthy subjects
with cardiac troponin increase above the 99th
percentile following strenuous exercise were not
found to have an increased five-year risk of cardiovascular events. frequent occurrence following
strenuous exercise.

Lipoprotein subfraction LDL-5
and the presence of coronary
atherosclerosis
M Klevjer1, JC Saether1, E Vesterbekkmo2,
G Giskeoedegaard1, T Bathen1, B Gigante3, S
Gjaere1, M Myhra1, R Wiseth2, E Madssen2,
A Bye1, 1Norwegian University of Science and
Technology - Trondheim - Norway, 2St Olavs
Hospital - Trondheim - Norway, 3Karolinska
Institutet - Stockholm - Sweden,
Background: Coronary artery disease (CAD)
has high mortality rates and is a frequent cause
of death globally. Serum lipids play a pivotal
role in the development of atherosclerosis, and
elevated levels of total cholesterol, low density
lipoprotein (LDL) cholesterol, and triglycerides
are well known risk factors of cardiovascular
disease (CVD). However, there are limitations in
the ability to predict CVD risk, which has led to
an increased clinical interest in identifying novel
risk markers. With the advances in lipidomic
technology, lipoprotein subfractions may provide
additional information that is missing in today’s
evaluation of CVD risk. Lipoprotein subfractions
differ in size and density, and recent studies
suggest that high density of small LDL particles
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Is high-normal blood pressure a
more important risk factor for cardiovascular disease in women than
in men: The Hordaland Health
Study?
EA Kringeland1, GS Tell2, HB Midtbo3, TR
Haugsgjerd2, J Igland2, E Gerdts4, 1University of Bergen – Bergen – Norway, 2University
of Bergen, Department of Global Public Health
and Primary Care – Bergen – Norway, 3Haukeland University Hospital, Department of
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Heart Disease – Bergen – Norway, 4University
of Bergen, Department of Clinical Science –
Bergen – Norway,
Background: Hypertension is a major risk factor
for cardiovascular disease (CVD), but the
definition of hypertension is currently debated.
Little is known about whether high-normal blood
pressure (BP) carries a different risk for CVD in
women and men.
Purpose: The aim of the current study was to
test associations of high-normal BP with CVD in
women and men participating in the community-based Hordaland Health Study (HUSK).
Methods: Data from 8252 participants aged
40-43 years (52% women) participating in the
HUSK survey in 1992-93 were coupled with
hospitalization or death from CVD documented
by ICD codes in national registries in the period
1994-2009. Attended BP was measured in
accordance with current guidelines. The average
of the two last measurements was taken as the
clinic BP measure. The cohort was grouped into
normal BP (BP<130/85 mmHg), high-normal BP
(BP 130-139/85-89 mmHg) and hypertension
(BP≥140/90 mmHg or use of antihypertensive
drugs). CVD was defined as hospitalization or
death from any CVD diagnosis. The association between BP category and CVD was tested
in sex-specific Cox regression analyses, using
normal BP as the reference group and adjusting
for diabetes, smoking, body mass index and total
cholesterol.
Results: At baseline, 17% women and 27% men
had high-normal BP and 16% women and 32%
men had hypertension (both p<0.001 between
sexes). During 16 years follow-up, 15% of women
and 22% of men experienced hospitalization or
death from CVD (p<0.001). A significant sex-interaction of BP group and outcome was found
(p<0.05). In multivariable analyses in women,
both hypertension and high-normal BP were
associated with incident CVD (both p<0.01)
independent of confounders (Table). In men, only
hypertension was associated with incident CVD
in the same model, while high-normal BP was not
(p<0.001 and p=0.53, respectively) (Table).
Conclusion: High-normal BP was a more important risk factor for CVD in middle-aged women
than men. Our findings challenges whether
hypertension-associated CVD risk is optimally

detected in women by the current hypertension
definition in European guidelines.

Estimation of cardiac output from
test-bolus during coronary computed tomography angiography: a
personalized mathematical model

JB Leiknes1, AI Larsen2, K Daelhi Kurz3, A
Hiorth4, OJ Greve5, J Havnen5, 1Stavanger University Hospital, Stavanger Medical
Imaging Laboratory [SMIL], Department of
Radiology, University of Bergen - Stavanger
- Norway, 2Stavanger University Hospital,
Department of Cardiology, University of
Bergen - Stavanger - Norway, 3Stavanger University Hospital, Stavanger Medical Imaging
Laboratory [SMIL], Department of Radiology,
University of Stavanger - Stavanger - Norway, 4University of Stavanger, Department
of Energy Resources - Stavanger - Norway,
5Stavanger University Hospital, Stavanger
Medical Imaging Laboratory [SMIL], Department of Radiology - Stavanger - Norway,
Background: Contrast enhancement is measured
in the aorta at set intervals of time during the
test-bolus series of a coronary computed tomography angiography [CCTA]. Its primary purpose
is to ascertain the timing delay of the main scan
after contrast administration to ensure optimal image acquisition. The change in contrast
enhancement over time correlates directly with
contrast medium concentration in the vessel. If
the complete time density curve [TDC] is known
and corrected for contrast enhancement due
to recirculation it can be used to estimate the
cardiac output [CO], by e.g. a modified Stewart-Hamilton equation, as shown by Mahnken
et al.
Purpose: The current study aims to explore ways
to improve the mathematical estimation of CO.
In practical applications only part of the TDC is
known. By integrating patient factors, contrast
factors and scanning factors with a mathematical
compartment model, the CO can be estimated.
Estimated CO is subsequently used to simulate
the distribution of contrast medium in the body,
enabling prospective adjustment of contrast
medium administration protocol that could be
tailored to each individual, utilizing the lowest
possible dose of contrast
Women
Men
to achieve diagnostically
acceptable CCTA images.
Univariable
Multivariable
Univariable
Multivariable
Methods: Test-bolus images
CVD
HR
95% CI
HR
95 % CI
HR
95% CI
HR
95% CI
were acquired sequentially
Normal BP
(ref)
(ref)
(ref)
(ref)
at two second intervals over
High-normal
1.52 1.23-1.87 1.41
1.14-1.74 1.09 0.91-1.30 1.06 0.88-1.27 the aorta from 40 patients
BP
with a clinical indication for
Hypertension 2.75 2.30-3.29 2.39 1.98-2.89 1.91 1.63-2.22 1.67 1.43-1.96 CCTA. According to clinical
routines, premedication with
HR, Hazard ratio; CI, confidence interval; CVD, cardiovascular disease and
beta-blockers was performed
death; BP, blood pressure
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Feasibility of a home-based telerehabilitation exercise program for
heart failure patients - a prospective randomized controlled trial

in 35 patients and sublingual nitroglycerine in 39
patients. Attenuation in the aorta was measured
by a centrally placed region of interest with a
width of half the aortic diameter. Each participant underwent cardiac magnetic resonance
imaging [MRI] immediately after CCTA, from
which actual CO was measured as a method of
validation. A mathematical compartment model
for distribution of contrast, outlined by Bae et al.
was improved and used to estimate the CO from
the TDC in the aorta during the test-bolus. The
estimated CO [COEst] was compared with CO
calculated from MRI [COMR], and estimated
attenuation in the aorta [HUEst] was compared
with measured attenuation in the aorta during
test-bolus in CCTA [HUCT].
Results: One patient was excluded due to
unacceptable cardiac MRI. Our model showed
a strong correlation between COEst and COMR
for all patients (r = 0.62, p < 0.001) and a higher
correlation for women than men when separated
by gender (men r = 0.58, p = 0.006; women r =
0.63, p = 0.005). Women had an average COEst
1.92 L/min significantly lower than men (p <
0.001), despite no statistical difference in COMR
between men and women.
Conclusion: An improved mathematical model
for estimation of CO can be a valuable tool to
improve individualized contrast administration
protocols and increase the diagnostic information extracted from a CCTA. In addition to known
physical factors it is clear that gender and weight,
including their derivatives, must play a more
significant role in estimation.
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K Lundgren1, KAR Langlo1, P Zanaboni2, R
Mo3, Ø Ellingsen1, H Dalen1, ILAA Aksetoy1,
1Norwegian University of Science and Technology - Trondheim - Norway, 2University
Hospital of North Norway - Tromso - Norway,
3St Olavs Hospital - Trondheim - Norway,
Background: Chronic heart failure (CHF) is a
prevalent disease, and CHF patients are recommended to participate in cardiac rehabilitation
programs. Due to frailty and rural living, many
CHF patients refuse to do so. To meet these
challenges, there is need of a more convenient
and efficient rehabilitation system. A homebased telerehabilitation program was designed to
enable CHF patients to exercise via video-conferencing in their homes, allowing two-way communication with their therapist, and for patients to
exercise together.
Purpose: We aimed to evaluate the feasibility of a
home-based telerehabilitation exercise program
designed for CHF patients.
Methods: 67 subjects were included in a two-arm
prospective randomized controlled trial if they
had stable CHF, were on optimal medical therapy,
and refused to participate in standard outpatient
rehabilitation. All subjects participated in a 2-day
«Living with heart failure» course. The intervention group (n=30) was educated in the use of a
tablet computer, a video-conferencing
app, and an app with exercise videos,
before they received home-based telerehabilitation exercise twice a week for 3
months. Each exercise session consisted
of 20 min warm-up, followed by 4x4
min high intensity intervals with 3 min
active breaks, and 15 min calm down.
Outcomes, measured at baseline and 3
months, included the 6-minute walk test,
the Minnesota living with heart failure
Questionnaire (MLHFQ), adherence,
adverse events, satisfaction, and patient
reported measures of safety, technical
aspects, and motivational factors.
Results: Mean age was 68 (65.6-71.1)
years (82 % male). By the 6-minute walk
test, the exercise group increased their
walking distance with 18 m from baseline
451 m, p=0.07. No change (+0.8 m) was
seen in the control group from baseline
(478 m) to 3 months, but no significant
difference between groups (p=0.20).
We found a significant decrease in
MLHFQ score for the exercise group
(baseline 42.6, change -13.8, p=0.003),
and for the control group (baseline
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41.2, change -12.6, p=0.002), with no difference
between groups (p=0.83). ≥80% fulfilled 80% of
24 exercises. One drop-out was registered, and
no adverse events were reported during exercise.
In total 96% (26/27) reported that they felt safe
during home-based exercise via videoconferencing and 96% (24/25) reported that the intervention gave motivation to continue exercising on
their own. Some minor technical issues with the
videoconference software was present in 58%
(15/26).
Conclusion: Home-based exercise training
supported by real-time supervision by telemedicine was feasible, with high adherence and high
level of patients’ satisfaction. Telerehabilitation
increased 6-minute walking distance and quality
of life in CHF patients, but the changes were not
statistically significant compared to controls.
Despite some technical issues with the software
and equipment used, the participants reported
high motivation to further exercise.

with BMI < 18.5 kg/m². Subgroup analyses were
performed according to sex and age (<45 years,
45-59 years, ≥60 years). Adjustment was made
for established cardiovascular risk factors and
indices of body composition.
Results: Median age was 52.1 (range 16.5 to
98.9) years and 56% were women. Concentrations of cTnI were detectable in 60.6% of study
participants, and were median 1.5 (0.6 to 2.9)
ng/L. Median BMI was 26.7 (24.0 to 29.9) kg/
m². There was a strong and linear association
between BMI and cTnI in adjusted models, with
a 37.3 (95% CI, 27.6 to 46.9) % increase in concentrations of cTnI per 10 units of BMI (Figure).
When adjusting for body composition, strong
associations were observed for both sexes. The
association between BMI and cTnI was stronger
with increasing age (Table).
Conclusion: Obesity is strongly associated with
subclinical myocardial injury. The associations
are stronger with increasing age and persisted after adjustment for body composition,
suggesting a harmful effect of obesity on the
myocardium independently of different obesity
phenotypes.

Obesity predicts subclinical myocardial injury in men and women
of all ages: The Nord-Trondelag
Health Study

MN Lyngbakken1, H Rosjo2, K Hveem3, T
Omland1, 1Akershus University Hospital,
Department of Cardiology - Nordbyhagen
- Norway, 2Akershus University Hospital,
Division of Research
and Innovation - NordP for
P for
Model 2
Model 1
byhagen - Norway,
interaction
interaction
3Norwegian University
Men
16.2 (12.2 to 20.2) %
30.8 (19.7 to 41.9) %
Sex
<0.001
<0.001
of Science and TechnoWomen
2.6 (0 to 5.3) %
32.5 (23.9 to 41.1) %
logy, HUNT Research
<45 years
2.9 (-0.7 to 6.5) %
21.0 (10.3 to 31.6) %
Centre, Department
of Public Health and
Age 45-59 years 14.9 (10.7 to 19.1) %
<0.001
32.8 (20.8 to 44.8) %
<0.001
General Practice ≥60 years
10.8 (6.6 to 15.0) %
30.0 (17.9 to 42.1) %
Trondheim - Norway,
Coefficients reported per 10 increase in BMI. Model 1, adjusted age, sex, eGFR,
Background: Obesity
education, diabetes mellitus, heart rate, systolic blood pressure, HDL and total
strongly associates with cholesterol, CRP, current smoking and HbA1c. Model 2, adjusted for model 1, total
subclinical myocardial
body fat and fat-free mass
injury as quantified by
concentrations of cardiac
troponin. Body mass index (BMI) is the most
commonly used index of obesity, but BMI does
not take into account the different phenotypes
that arise on the basis of age, sex and body
composition. We aimed to investigate the
influence of these factors on the association of
obesity with subclinical myocardial injury.
Methods: We analyzed total body fat and fatfree mass by bioelectrical impedance analysis
and cardiac troponin I (cTnI) with a high-sensitivity assay in 30,778 participants of the
prospective observational The Nord-Trøndelag
Health Study at study visit 4 (2017-2019). All
subjects were free from known cardiovascular
disease at baseline, and we excluded subjects
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Longitudinal obesity exposure
over two decades is associated with
subclinical myocardial injury: The
Nord-Trondelag Health Study

BMI
score

MN Lyngbakken1, H Rosjo2, K Hveem3, T
Omland1, 1Akershus University Hospital,
Department of Cardiology - Nordbyhagen
- Norway, 2Akershus University Hospital,
Division of Research and Innovation - Nordbyhagen - Norway, 3Norwegian University of
Science and Technology, HUNT Research Centre, Department of Public Health and General
Practice - Trondheim - Norway,
Background: Obesity is associated with subclinical myocardial injury as quantified by concentrations of cardiac troponin, but whether excess
weight history is associated with increased
cardiac troponin I (cTnI) remains unclear. We
aimed to explore the association of obesity with
cTnI using different indices of cumulative obesity
exposure.
Methods: We analyzed cTnI with a high-sensitivity assay in 14,157 participants with follow-up
over two decades in the prospective observational Nord-Trøndelag Health (HUNT) Study at
study visit 4 (2017-2019). All subjects were free
from known cardiovascular disease at baseline,
and we excluded subjects with BMI < 18.5 kg/
m². BMI was assessed at study visit 2 (19951997), 3 (2006-2008) and 4, and we categorized participants as normal weight (BMI < 25),
overweight (BMI ≥ 25 to <30) and obesity (BMI
≥ 30). At each study visit, BMI was designated a
score of 0 (normal weight), 1 (overweight) or 2
(obesity), totaling a score from 0 to 6. Cumulative obesity exposure was calculated as average
BMI above 25 kg/m² between visits multiplied by
the time between visits (excess BMI years, kg/
m² x years).
Results: Median age at visit 4 was 64.1 (range
40.9 to 101.5) years and 60% were women.
Concentrations of cTnI were detectable in 77.2%
of study participants, and were median 2.2 (1.3
to 3.9) ng/L. There was a linear increase in cTnI
with increasing BMI score (p for trend <0.001)
and increasing BMI score was associated with
increased risk of high cTnI (p for trend <0.001;
Table). For every 100 excess BMI years, there
was a 15.6 (95% CI, 13.0 to 18.2) % increase in
cTnI at study visit 4 (Figure).
Conclusion: Cumulative obesity exposure is
associated with a linear increase in cTnI, a highly
sensitive index of subclinical myocardial injury,
reflecting the detrimental effect of long standing
obesity on cardiovascular health.
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Association (95%
CI)

Odds ratio of
increased cTnI*

0

REF

REF

1

4.4 (-0.8 to 9.6) %

1.18 (0.97 to 1.44)

2

8.6 (3.9 to 13.4) %

1.26 (1.06 to 1.50)

3

13.9 (9.5 to 18.4) %

1.51 (1.29 to 2.77)

4

16.4 (10.7 to 22.2) %

1.47 (1.21 to 1.80)

5

23.7 (18.1 to 29.4) %

1.62 (1.33 to 1.98)

6

31.8 (25.8 to 37.8) %

2.11 (1.74 to 2.57)

All coefficients adjusted for age, sex, eGFR,
education, diabetes mellitus, heart rate,
systolic blood pressure, HDL and total cholesterol, CRP, current smoking and HbA1c. *
cTnI ≥ 4 ng/L (women) and 6 ng/L (men)

Fitness is associated with lower
inflammatory markers in obesity:
The FATCOR study
H Midtboe1, A Ulvik2, K Meyer2, PM Ueland3,
H Halland1, E Gerdts3, 1Haukeland University
Hospital, Department of Heart Disease - Bergen - Norway, 2Bevital AS - Bergen - Norway,
3University of Bergen, Department of Clinical
Science - Bergen - Norway,
Background: Obesity is associated with chronic
low-grade inflammation, but exercise has antiinflammatory properties. It is unknown whether
the anti-inflammatory effects of fitness may
influence the obesity-associated inflammation.
Purpose: To assess levels of inflammatory markers in fit vs. unfit overweight and obese subjects
without known cardiovascular disease.
Methods: Peak oxygen uptake (VO2max) was
measured by treadmill cardiopulmonary exercise
testing in 566 subjects (mean age 48±9 years,
60% women) with body mass index >27.0 kg/
m² in the FAT associated CardiOvasculaR dysfunction (FATCOR) study. Fitness was defined
from age- and sex adjusted reference levels of
VO2max. Serum levels of C-reactive protein
(CRP), serum amyloid A (SAA) and calprotectin
were assessed by Matrix-Assisted Laser Desorption/Ionization Time-Of-Flight (MALDI-TOF)
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mass spectrometry and log transformed before
inclusion in analyses.
Results: Fit subjects (n=147) were older and had
less metabolic syndrome, obesity and hypertension compared to unfit subjects (n=419)
(all p<0.05). Serum levels of CRP and SAA
were lower in fit subjects vs. unfit (p<0.01),
while serum calprotectin showed no difference
(p=0.06). In multivariable logistic regression
analyses, lower CRP (odds ratio [OR] 0.73, 95%
confidence interval [CI] 0.61-0.87, p<0.001)
and SAA (OR 0.61, 95% CI 0.40-0.93, p=0.02)
remained associated with being fit after adjusting
for age, sex, obesity, metabolic syndrome and
hypertension. When looking at obese (n=357,
fit n=53) and overweight subjects (n=209, fit
n=94) separately, lower CRP (OR 0.60, 95% CI
0.46-0.78, p<0.001) and SAA (OR 0.44, 95%
CI 0.24-0.83, p=0.01) remained associated with
being fit in obese, but not in overweight subjects
after adjustment for age, sex and metabolic
syndrome.
Conclusion: Fitness was associated with lower
circulatory inflammatory markers in obesity
independent of cardiometabolic risk factors. Our
results suggest that fitness may promote cardiovascular benefit through the anti-inflammatory
properties of exercise also in obesity.

Methods: Data were derived from five European
cohorts from Denmark, Finland, Italy, Sweden,
and Norway. In total, 66 951 individuals (49.1%
men) aged ≥40 years (mean baseline age 53.5
years) and without prevalent AF were followed
for incident AF, with the follow-up truncated at
10 years. Data on risk factors (body mass index
[BMI], hypertension [systolic blood pressure
≥140 mmHg and/or use of antihypertensive
medication], diabetes mellitus, myocardial
infarction [MI] event before baseline examinations, daily smoking, and alcohol consumption)
were available from the baseline examinations.
Stratification into age decades was based on
age at baseline examination. Furthermore, the
participants were followed for events of stroke
or mortality after AF diagnosis. Mortality, stroke,
and AF outcomes were derived from national
registers and hospital discharge registers. All
analyses were adjusted for AF risk factors.
Results: The incidence of AF increased from 0.9
per 1000 person-years at the age of 40 to <50,
to 17.7 at the age of ≥70 years. Multivariableadjusted Cox models showed that BMI, hypertension, alcohol consumption, and history of
MI were associated with increased risk of AF
across age decades (p<0.05). Of these, the
risk of AF associated with BMI and an MI event
before baseline examinations differed across age
decades. For each 5 units increase in BMI, risk of
AF increased with 40% (95% confidence interval
17-68%) at the age of 40 to <50, falling to 17%
(6-29%) at the age of ≥70 years (p=0.08 for
difference between age decades 40 to <50 and
≥70). Participants with a history of MI showed
decreased risk of AF with ageing, from a hazard
ratio (HR) of 5.53 (2.85-10.73) in the 40 to <50
age group to a HR of 1.41 (1.11-1.79) at the age
of ≥70 (p<0.001). Daily smoking and prevalent
diabetes mellitus were in general not associated
with AF. The multivariable-adjusted associations
between new-onset AF and the succeeding
risk of stroke and mortality increased with age,
showing a 1.6 to 2.6-fold increase in risk of death
at ages ≥60 years and two-fold increased risk of
stroke in participants aged ≥70 years (p≤0.001).
Conclusion: The relative importance of modifiable risk factors on incident AF do not vary
across age decades, with a few exceptions; BMI
and a history of MI were stronger risk factors for
AF at younger ages. Thus, preventive measures
should target risk factors rigorously, in particular obesity. New-onset AF was associated
with increased risk of stroke and mortality only
at older ages, emphasizing the importance of
adequate patient management in the older and
oldest old.

Atrial fibrillation risk factor burden and disease onset across age
decades.
B Morseth1, B Geelhoed2, A Linneberg3, S
Soderberg4, L Johansson4, K Kuulasmaa5,
V Salomaa5, T Niiranen5, L Iacoviello6, ML
Loechen7, RB Schnabel2, 1UiT The Arctic University of Norway, School of Sport Sciences,
Faculty of Health Sciences - Tromso - Norway,
2University Heart Center Hamburg - Hamburg - Germany, 3Frederiksberg University
Hospital, Center for Clinical Research and
Prevention - Frederiksberg - Denmark, 4Umea
University, Department of Public Health and
Clinical Medicine, and Heart Centre - Umea
- Sweden, 5National Institute for Health and
Welfare (THL), Department of Public Health
Solutions - Helsinki - Finland, 6University
of Insubria, Research Center in Epidemiology and Preventive Medicine (EPIMED),
Department of Medicine and Surgery - Varese
- Italy, 7UiT The Arctic University of Norway,
Department of Community Medicine, Faculty
of Health Sciences - Tromso - Norway,
Background: Although a number of risk factors
have been associated with the progression of
atrial fibrillation (AF), there is limited knowledge
of their relevance for AF in relation to age.
Purpose: We examined whether the association
between modifiable risk factors and AF differed
between age decades.
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Circulating secretoneurin concentrations are increased in patients
with acute coronary syndrome and
provide prognostic information

patients without ACS compared to 0.82 (0.780.86) for high-sensitivity cardiac troponin T
(hs-cTnT). Patients with ECG changes reflective
of acute myocardial ischemia had higher SN concentrations (p=0.005). Sixty-five (16%) patients
died during follow-up. Stratifying patients according to SN concentrations separated patients with
a poor and favorable prognosis, and patients with
SN in the top quartile had 4-fold higher risk of
mortality compared to the patients with low SN
concentrations (Figure). Higher SN concentrations were also associated with increased risk of
mortality in Cox regression models, including in
models that adjusted for age, sex, blood pressure,
previous myocardial infarction, atrial fibrillation,
and heart failure: hazard ratio 1.71 (1.03-2.84),
p=0.038. The C-statistics of SN to separate
patients with poor prognosis from favorable
prognosis was 0.72 (0.65-0.79) and adding SN
on top of hs-cTnT improved prognostication as
assessed by the integrated discrimination index:
0.05±0.014, p<0.001.
Conclusions: SN concentrations are increased in
patients with ACS and provide prognostic information in patients with chest pain.

P Myhre1, AH Ottesen2, AL Faaren3, SH
Tveit1, J Springett4, J Pyylampi5, M Stridsberg6, G Christensen2, T Omland1, H Rosjo7,
1Akershus University Hospital, Division of
Medicine - Akershus - Norway, 2Oslo University Hospital Ulleval, Institute for Experimental Medical Research - Oslo - Norway,
3CardiNor AS - Oslo - Norway, 4Bioventrix
- Farnham - United Kingdom of Great Britain
& Northern Ireland, 5Kaivogen - Turku Finland, 6Uppsala University, Department of
Meical Sciences - Uppsala - Sweden, 7Akershus University Hospital, Division for Research
and Innovation - Akershus - Norway,
Background: Secretoneurin (SN) is associated
with both myocardial ischemia and cardiomyocyte Ca2+ handling, and circulating SN levels
provide incremental prognostic information to
established risk indices in patients with acute
heart failure, acute respiratory failure, and after
cardiac arrest.
Purpose: To determine whether SN concentrations are increased in patients with acute coronary syndrome (ACS), and assess the prognostic
value of SN among patients with suspected ACS.
Methods: We included 402 patients hospitalized
with chest pain at a teaching hospital and adjudicated all hospitalizations as ACS or non-ACS
by two physicians working independently. Blood
samples were drawn within 24 h from hospital
admission and SN was measured by a novel
ELISA assay. Patients were followed for mean
6.2 years and mortality was obtained from the
Norwegian Cause of Death Registry.
Results: SN concentrations were higher in
patients with ACS (n=161 [40%]) compared to
patients with chest pain without ACS (n=241
[60%]): median 32.8 (IQR 27.5-42.8) vs. 28
(24.5-34.0) pmol/L, p<0.001. The C-statistics
of SN was 0.66 (95% CI 0.61-0.71) to separate
chest pain patients with ACS from chest pain
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Markers of subclinical cardiac
disease associate with thresholds
for pre-diabetes and diabetes in
the general population: data from
the ACE 1950 Study
P Myhre1, M Lyngbakken1, T Berge2, R Roysland3, E Aagaard1, B Kvisvik1, J Norseth2,
O Pervez1, A Tveit2, K Steine1, T Omland1, H
Rosjo4, 1Akershus University Hospital, Division of Medicine - Akershus - Norway, 2Bærum
Hospital, Department of Medical Research
- Bærum - Norway, 3Akershus University
Hospital, Department of Multidisciplinary
Laboratory Medicine and Medical Biochemistry - Akershus - Norway, 4Akershus University
Hospital, Division for Research and Innovation - Akershus - Norway,
Background: Diabetes mellitus (DM) is associated with increased risk of left ventricular (LV)
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remodeling and incident heart failure. However,
the associations between dysglycemia and subclinical cardiac disease in middle-aged subjects
recruited from the general population are not
established.
Purpose: To assess the associations of dysglycemia and diagnostic DM thresholds with indices
of subclinical cardiac injury and dysfunction in
the general population.
Methods: We included participants born in 1950
from the Akershus Cardiac Examination 1950
Study with available biomarker measurements
(n=3,688). We used regression models and
restricted cubic splines (knots selected from lowest Akaike Information Criterion) to assess the
association between glycated hemoglobin A1c
(HbA1c) and cardiac troponin T (cTnT), N-terminal pro-B-type natriuretic peptide (NT-proBNP),
C-reactive protein (CRP), and echocardiographic
parameters. We classified participants with
self-reported diagnosis of DM or HbA1c ≥6.5%
(48 mmol/L) as DM, participants with HbA1c
5.7-6.5% as pre-DM, and participants with
HbA1c <5.7% (39 mmol/mol) as no-DM.
Results: Mean age was 63.9 ± 0.7 years, mean
body mass index (BMI) 27.2 ± 4.4 kg/m2, and
1,795 participants (49%) were women. DM was
classified in 380 participants (10%), pre-DM in
1,630 participants (44%) and no-DM in 1,678
participants (46%). Increasing HbA1c concentrations were associated with younger age, male
sex, obesity, hypercholesterolemia, hypertension, and established coronary artery disease in
adjusted analyses. In models adjusted for age,
sex, BMI, smoking, hypertension, atrial fibrillation, coronary artery disease and renal function,
greater HbA1c was associated with increasing
logcTnT and logCRP concentrations, decreasing
logNT-proBNP concentrations and worse global

longitudinal strain and E/e’ (p<0.001 for all). LV
mass index was not associated with HbA1c in
adjusted models (p=0.23). All five associations
were non-linear in the total study population
(p<0.001 for non-linearity for all) with robust, linear associations in the pre-DM range of HbA1c,
also in adjusted models, and attenuated associations in the no-DM and DM range (Figure).
Conclusion: We found robust, linear associations
between HbA1c and indices of subclinical cardiac
injury and dysfunction among participants classified as pre-DM, while associations were more
attenuated among participants with DM. Preventive measures for cardiovascular disease should
be considered also in patients with dysglycemia
and HbA1c below the established cutoff for DM.

The inflammasome signaling axis
in thrombi from STEMI patients
is related to degree of myocardial
injury
J Nordeng1, R Helseth1, S Aakra2, P Hoffman3, H Schandiz4, B Roald5, B Bendz6, H
Arnesen2, S Solheim1, I Seljeflot1, 1Ulleval
University Hospital, Center for Clinical Heart
Research and Department of Cardiology - Oslo
- Norway, 2Oslo University Hospital Ulleval,
Center for Clinical Heart Research - Oslo Norway, 3Ulleval University Hospital, Department of Radiology - Oslo - Norway, 4Akershus
University Hospital, Department of Pathology
- Oslo - Norway, 5Oslo University Hospital
Ulleval, Department of Pathology - Oslo - Norway, 6Oslo University Hospital Rikshospitalet,
Department of Cardiology - Oslo - Norway,
Background: The NLRP3-inflammasome and the
IL-6-pathways, i.e. the inflammasome signaling
axis, seems to be central mechanisms in the
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National healthcare expenditure
influences CRT implantationsresults from CRT Survey II with
11088 patients

inflammatory response related to myocardial
reperfusion injury after revascularization. The
beneficial results shown by treating MI-patients
with canakunimab, an antibody blocking IL1-β, in
the CANTOS trial*, and by treatment of NSTEMI
patients with the IL6-receptor antagonist tocilizumab**, are looked upon as proof of concept for
inflammasome inhibition.
Purpose: To study whether genes encoding
inflammasome-related proteins are present in
coronary thrombi and in circulating cells from
STEMI patients, and whether these are related to
the degree of myocardial injury as measured by
troponin T, and time from symptoms to PCI.
Methods: Intracoronary thrombi were aspirated from 33 patients with STEMI treated with
primary PCI. The thrombi were snap-frozen in
RNA-later solution for gene expression analyses.
Peripheral blood samples with Pax-gene tubes
were drawn at end of the PCI-procedure. mRNA
of NLRP3, caspase1, IL1-β, IL18, IL6, IL6-receptor (IL6-R) and gp130 were isolated from the
thrombi and leukocytes in peripheral blood, and
relatively quantified by RT PCR. Peak troponin
was collected from clinical records.
Results: Genes coding for the 7 different markers
were present in 76-100% of the thrombi. The
expression of NLRP3 in thrombi significantly correlated to peak troponin T (r =0.468, p=0.024).
Dividing peak troponin T values into quartiles,
the median value of NLRP3 mRNA in Q4 was
2.0-fold higher compared to Q1-3 (p= 0.012).
Peak troponin T also correlated with the expression in circulating leukocytes of NLRP3 (r=0.420,
p=0.0149) and IL1-β (r=0.394, p=0.023), and
borderline to caspase1 (r=0.321, p=0.069) and
IL18 (r=0.310, p=0.079).
IL6-R expression in thrombi correlated significantly to peak troponin T (r=0.434, p=0.019),
with a 2.5-fold higher median level in Q4 vs Q1-3
of troponin T (p=0.017). gp130 expression in
thrombi correlated inversely with peak troponin
T (r=-0.398, p=0.050), as did IL6-R expression
in circulating leukocytes (r= -0.421, p=0.015).
There were no significant correlations between
genes expressed in the thrombi and time from
symptom to PCI (median 152 minutes), whereas
genes for IL6 in circulating leukocytes correlated
inversely (r= -0.385, p=0.027).
Conclusion: The inflammasome signaling pathway was actively regulated in coronary thrombi
and in circulating leukocytes from patients with
STEMI. Genes encoding NLRP3 and IL6-R were
increasingly expressed in thrombi from patients
with increased myocardial damage, measured by
troponin T, supporting the beneficial effects of
medically targeting this pathway.
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C Normand1, C Linde2, N Bogale1, K Dickstein1, 1Stavanger University Hospital,
Cardiology - Stavanger - Norway, 2Karolinska
University Hospital - Stockholm - Sweden,
Background: Cardiac Resynchronization Therapy
(CRT) reduces morbidity and mortality in
selected patients with heart failure (HF) and
electrical dyssynchrony. This treatment receives
level I recommendations in ESC guidelines from
both HFA and EHRA. However, despite these
strong recommendations, CRT implantation
practice varies greatly in ESC member states.
Purpose: To describe how countries’ healthcare
expenditure affects CRT implantation practice.
Methods: Between 2015 and 2017, two ESC
associations, EHRA and HFA, conducted the CRT
Survey II, a survey of CRT implantations in 11,088
patients in 42 ESC member states. We divided
these countries into three groups according to
their current health expenditure per capita.
Results: The countries with the lowest health
care expenditure were more likely to implant CRT
in patients who had strong guideline recommendations for implantation such as symptomatic
heart failure, LVEF≤ 35%, sinus rhythm, QRS
duration ≥150 ms and LBBB. These countries
were also less likely to implant patients with
weaker recommendation level such as those with
atrial fibrillation, and were more likely to implant
CRT in patients hospitalized for HF in the past
year or with NYHA functional class III or IV HF.
Conclusions: CRT Survey II has demonstrated a
non-uniform delivery of healthcare. Countries
with low health care expenditure appear to be
reserving CRT therapy for younger patients,
Spending per capita
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p-value

High

Medium

Low

Number of Patients

3493

6355

848

≥75 Years of Age

39%

31%

15%

p<0.001

Upgrade from a PM
or ICD

28%

22%

14%

p<0.001

PM Indication and
Expected RV Pacing
Dependence

27%

22%

11%

p<0.001

Hospitalized for HF in
the Last Year

45%

46%

56%

p<0.001

NYHA Class III-IV

56%

60%

61%

p<0.001

LVEF≤ 35%

84%

87%

95%

p<0.001

Atrial Fibrillation

27%

26%

16%

p<0.001

QRS duration ≥150 ms

66%

70%

73%

p<0.001

LBBB

74%

75%

84%

p<0.001

CRT-P implanted

32%

30%

28%

p = 0.026

those with guideline recommendation level I indications and patients with more severe symptoms
of heart failure.

months (62 bpm vs 65 bpm; p=0.59) (Figure). In
comparison, the exercise-induced increase in HR
in healthy controls was 117 bpm. In HTx recipients, approximately 40% of the total increase in
HR occurred between rest and 25% of VO2peak
at inclusion (Figure). In contrast, only 31% of
the increase in HR in healthy controls occurred
between rest and 25% of VO2peak (p<0.001).
The fall in HR during the first 4 minutes after
exercise increased over the duration of the study
(p<0.001 for all comparisons between inclusion
and 12 months, and 12- and 36 months at 30
sec, 1, 2, 3 and 4 min after exercise). During the
first minute after the end of exercise, the HR
rose 2 bpm at baseline, but fell 10 bpm at 12
months (p for difference < 0.001). However, even
at 36 months, the decline in HR after exercise
remained less rapid than in healthy controls
(p<0.001) (Figure). CRI increased between
baseline and 12 months, but levelled off between
the 12-month visit and 36 months (0.50 ± 0.2
vs 0.79 ± 0.3; p<0.001 and 0.79 ± 0.3 vs 0.81
± 0.3; p=0.51). The chronotropic response was
normalized (>0.85) in 44% of the HTx recipients
at 1 year and in 51% at 3 year after HTx.
Conclusion: The increase and decrease in HR
during exercise are considerably muted in de
novo HTx recipients. The HR response improves
during the first year after surgery, and thereafter levels off. In contrast the decline in HR after
exercise seems to increase with time, which may
be related to the effect of exercise. This suggests
that partial re-innervation takes place. Whether
this response continues to improve in the longer
term remains to be determined.

Heart rate response during cardiopulmonary exercise in heart
transplant recipients
S Nygaard1, K Rolid1, K Nytroen1, A Fiane1,
VBB Wyller2, L Gullestad1, K Broch1, 1Oslo
University Hospital Rikshospitalet - Oslo
- Norway, 2Akershus University Hospital,
Pediatric cardiology - Akershus - Norway,
Background: Denervation at heart transplant
(HTx) results in attenuated heart rate (HR) control and limited exercise tolerance.
Purpose: The aim of this study was to assess longitudinal changes in the HR response to exercise
in HTx recipients. We compared the results with
those of healthy controls.
Methods: Seventy-four HTx recipients were
enrolled in a cardiopulmonary exercise trial. The
HR response to maximal exercise was tested at
11 weeks and at 1- and 3-years follow-up post
HTx, and compared with the HR response in 50
age and gender matched controls. The HR was
measured at rest, at 25-, 50-, 75-, and 100% of
VO2peak, and 30 sec, 1, 2, and 4 min after peak
exercise on a treadmill or bicycle ergometer. We
also assessed the HR reserve and the chronotropic response index (CRI).
Results: Eleven weeks after HTx, the HR response
to exercise was blunted, but improved significantly during follow-up. The change in HR from
rest to peak exercise increased by 53% (41 bpm
vs 62 bpm; p<0.001) from inclusion to 12 months
follow-up, but levelled off between 12- and 36
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Clinical factors, psychological
factors and beliefs about statin use
in patients with coronary heart
disease and self-perceived muscle
side-effects

mean LDL-cholesterol level was borderline higher
(2.8 vs. 2.3 mmol/L, p=0.06). Patients with confirmed SAMS had a weaker belief in their statin
use compared to patients with non-SAMS (3.1
vs. 3.6, p<0.001) using a 5-category scale from 1
(weak belief) to 5 (strongest belief). There were
no differences in the sociodemographic, clinical
(pre-existing muscle skeletal disorders, somatic
comorbidity, cardiovascular risk factors) or
psychological (symptoms of anxiety or depression, type D personality, worry, insomnia) factors
explored between patients with confirmed SAMS
or with non-SAMS. There were no associations
between these factors and increasing VAS scores
in continuous analyses among patients with
confirmed SAMS and non-SAMS.
Conclusions: Patients with statin dependent
muscle side-effects reported a weaker belief on
the necessity to take statins than patients with
muscle complaints not caused by the statin.
Otherwise, we found no differences in clinical or
psychological factors between these populations.
The results indicate that these factors do not
distinguish patients with and without associated
muscle symptoms in clinical practice.

K Peersen1, E Sverre2, O Kristiansen2, M
Fagerland3, L Gullestad4, JE Otterstad1,
T Dammen5, J Munkhaugen2, 1Hospital of
Vestfold Trust, Departement of Cardiology
- Tønsberg - Norway, 2Drammen Hospital,
Department of Medicine - Drammen - Norway, 3Oslo University Hospital, Oslo Centre
for Biostatistics and Epidemiology - Oslo
- Norway, 4Oslo University Hospital, Department of Cardiology, Oslo University Hospital
Rikshospitalet - Oslo - Norway, 5University of
Oslo, Department of Behavioural Sciences in
Medicine - Oslo - Norway,
Background: Statin associated muscle symptoms
(SAMS) are commonly reported and constitute
the principal reason for statin non-adherence
and/or discontinuation. Understanding the
determinants of SAMS may enhance the clinical
management and form the basis of interventions.
The association between psychological distress
and the beliefs about statin treatment and SAMS
have previously not been investigated under
randomized, controlled conditions.
Purpose: To compare clinical and psychological
factors among coronary patients with confirmed
SAMS and non-SAMS.
Methods: This pre-planned exploratory study
included 71 consecutively recruited patients with
self-perceived SAMS enrolled in the MUscle
Side-Effect of atorvastatin in coronary patients
(MUSE) randomized double-blinded crossover trial. Muscle symptom (pain, weakness,
tenderness, stiffness and/or cramps) intensity
was registered weekly in a patient diary using a
0 (no symptoms) to 10 (worst imaginable) cm
visual-analogue scale (VAS). Confirmed SAMS
was predefined as a 25% higher individual mean
VAS-scores during 7-weeks treatment with atorvastatin 40 mg/day versus 7-weeks treatment
with placebo, and ≥1cm absolute difference.
Clinical factors (10 variables), psychological
factors (5 variables) and beliefs about medicine
(3 variables) were obtained from a questionnaire
and a clinical examination at study start.
Results: Mean age was 63 (SD 9.5) years, 32%
were women, and each participant had tried
average 1.3 (SD 0.6, range 1 to 3) statins prior to
study start. In all, 28 % (n=20) had confirmed
SAMS and 72% (n=51) had non-SAMS. There
were no differences in mean VAS score at study
start between the groups (mean VAS score 4.5
vs. 4.7, p=0.20). More patients with confirmed
SAMS than non-SAMS (25% vs. 6%, p<0.001)
did not use statin treatment at study start, and
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Pressure constrained mitral annular dysfunction determines severity of regurgitation in Barlow’s
disease - A 3D echocardiographic
study
KA Dumont1, R Persson2, JP Kvitting1,
R Lundblad1, R Haaverstad2, A Fiane1, S
Urheim2, 1Oslo University Hospital Rikshospitalet, Department of Cardiothoracic Surgery
- Oslo - Norway, 2Haukeland University Hospital, Department of Heart Disease - Bergen
- Norway,
Background: Barlow’s disease provides both diagnostic and therapeutic challenges. The impact of
systemic blood-pressure on severity of regurgitation is still unclear.
Purpose: We hypothesized that mitral annulus
behaves passively with enlargement during
ventricular systole, and secondly, we tested
the hypothesis that severity of regurgitation
correlates to systemic blood-pressure (BP) of the
patient.
Methods: Ten patients with Barlow’s disease
were compared with 10 healthy controls. Brachial
blood-pressure was measured according to
guidelines. Transthoracic 3D echo was obtained
from an apical view (38.6 ± 8.2 frames per
second). Data was analyzed using a holographic
display. We measured commissure width (CW),
septallateral length (SL) and mitral annular
surface area throughout the cardiac cycle. Aortic
flow ejection time was derived from continuous Doppler across the aortic valve. Timing of
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Adding stress biomarkers to high
sensitivity troponin measurements
increases precision and

aortic valve closure was visually assessed by
3D echo. Onset and end of mitral regurgitation
was derived from continuous wave Doppler of
transmitral flow.
Results: Systolic BP in controls and patients
were 122 ± 5 and 133 ± 12 mmHg, respectively
(p<0.05). Enddiastolic volume was 87 ± 7 ml/
m2 (controls) and 100 ± 14 ml/m2 (Barlow),
p<0.02. Left ventricular EF in controls and
patients were 59 ± 5 and 62 ± 5%, respectively,
p=NS. Barlow patients had moderate or severe
late systolic regurgitation with mean regurgitation volume of 51 ± 18 ml. Annular surface area,
CW and SL behaved passively with enlargement
during ventricular systole (Figure 1). Peak systolic
surface area, CW and SL in healthy controls and
Barlow patients were 8.7 ± 0.5 vs 20.7 ± 3.2 cm2
(p<0.001), 30.1 ± 1.5 vs 49.5 ± 4.9 mm (p<0.001)
and 30.9 ± 1.5 vs 44.9 ± 3.3 mm (p<0.001). Peak
annular surface area and regurgitation volume
in patients showed a positive correlation with
systolic BP (y = 0.156x – 0.077, r = 0.60 and y =
1.136x – 99.7, r = 0.80, respectively).
Conclusions: We have demonstrated pressure constrained mitral annular dysfunction in
Barlow’s disease, indicating that systemic blood
pressure may modify the severity of regurgitation. The study provides novel insights into
mechanisms of mitral regurgitation and potential
therapeutic actions in the future.

I Restan1, OT Steiro2, HL Tjora3, J Langoergen2, T Omland4, P Collinson5, R Bjoerneklett3, K Vikenes2, H Strand6, O Skadberg7,
OR Mjelva1, AI Larsen1, VVS Bonarjee1, KM
Aakre8, 1Stavanger University Hospital,
Cardiology Department - Stavanger - Norway,
2Haukeland University Hospital, Department
of Heart Disease - Bergen - Norway, 3Haukeland University Hospital, Emergency Care
Clinic - Bergen - Norway, 4Center for Heart
Failure Research - Oslo - Norway, 5St George’s
Healthcare NHS Trust - London - United
Kingdom of Great Britain & Northern Ireland,
6Akershus University Hospital, Department
of Multidisciplinary Laboratory Medicine
and Medical Biochemistry - Oslo - Norway,
7Stavanger University Hospital, Laboratory
of Clinical Biochemistry - Stavanger - Norway,
8Haukeland University Hospital, Department
of Medical Biochemistry and Pharmacology Bergen - Norway,
Background: NSTEMI may be ruled out in
patients presenting with acute chest pain based
on low baseline high sensitivity troponin (cTn)
at admission. This procedure is limited by a low
expected frequency of ruled out non-cardiac
chest pain (NCCP) patients.
Purpose: To investigate if
stress-induced biomarkers
(glucose or copeptin) combined
with cTn can increase the rate of
NCCP ruled out without an unacceptable increase in incorrectly
ruled out NSTEMI.
Method: 971 patients with suspected NSTE-ACS were included.
Final diagnosis was adjudicated
by two independent cardiologists
using clinical data including routine cTnT. Additionally, baseline
cTnI, cTnI from Singulex Clarity
System (cTnI(sgx)), copeptin and
glucose were measured. Diagnostic performance to rule out
NSTEMI was compared between
the ESC rule out algorithms for
cTnT and cTnI(Abbott), a local
cTnI(sgx) algorithm and different
combinations of cTn with copeptin or glucose
Results: Median age 61 years, 60% male. 13%
had NSTEMI, 12% had UAP and 60% NCCP.
Distribution of copeptin and glucose concentrations (NSTEMI and NCCP) is shown in figure
1. Copeptin and cTnT produces an algorithm
with lower miss rate for NSTEMI, increased rule
out rate for NCCP and significantly higher AUC
(DeLong test, p value < 0.001) compared to the
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University, Bodø,
Norway, Faculty
of Nursing and
cTnT < 5 ng/L
1.6
42.6
98.4
99.3 35.0
18.6 0.67
Health Sciences
cTnT < 7 ng/L and copeptin
0.8
58.6
99.2
99.8 47.3
22.1 0.73
- Bodø - Norway,
< 9 ng/L
5Dresden UnivercTnI(sgx) < 2 ng/L
0.8
50.5
99.2
99.7 42.5
20.6 0.71
sity Of Technology cTnI(sgx) < 4.35 ng/L and
Dresden - Germany,
2.4
69.8
97.6
99.3 59.7
26.6 0.79
copeptin < 9 ng/L
6Hospital Center of
cTnI(Abbott) < 2 ng/L
2.4
33.1
97.6
98.7 26.0
16.6 0.62 Luxembourg - Luxembourg - LuxemcTnI(Abbott) < 13 ng/L and
2.4
42.9
97.6
99.0 36.5
18.7 0.67
bourg, 7University
glucose < 5.6 mmol/L
Hospital Antwerp Diagnostic performance for ruling out NSTEMI by high sensitivity troponins alone
Antwerp - Belgium,
and in combination with different stress induced biomarkers
8IRCCS Clinical
Scientific Institute
Maugeri - Milan Italy, 9Bispebjerg
University Hospital, Department
of Cardiology
- Copenhagen Denmark, 10Technical University of
Munich, Department of Prevention,
Rehabilitation and
Sports Medicine
Figure 1. Median, 10 and 90 percentile for baseline copeptin and glucose concentraand DZHK, Munich
tions in NSTEMI and NCCP patients.
Heart Alliance
- Munich - GerESC algorithm (Table 1). cTnI(sgx) and copeptin
many, 11Norwegian University of Science and
showed higher rule out for NCCP and higher AUC
Technology, Department of Circulation and
(p value < 0.001), however an increased rule out
Medical Imaging - Trondheim - Norway,
rate for NSTEMIs. Combining cTnI(Abbott) and
Background: Low-level elevation of cardiac
glucose gave a similar miss rate for NSTEMI as
troponins has been associated with adverse outESC, but increased rule out rate for NCCP and
come, and concentrations even within the normal
higher AUC (p value < 0.001).
range provide independent information concernConclusion: Combining cTnT or cTnI(sgx) with
ing risk in heart failure (HF). Exercise training
copeptin; or cTnI with glucose, improves diagnosexerts many beneficial effects on the cardiovastic precision and efficacy of rule out protocols for
cular system, and longitudinal observational data
NSTEMI in patients presenting with acute chest
from epidemiological studies suggest that higher
pain.
physical activity (PA) is associated with lower
Algorithm

Rule out rate
NSTEMI, %

Rule out rate SensiNCCP, %
tivity

E Riveland1, T Valborgland1, A Ushakova2, Ø
Skadberg3, T Karlsen4, A Linke5, C Delagardelle6, EM Van Craenenbroeck7, A Mezzani8,
E Prescott9, M Halle10, Ø Ellingsen11, AI
Larsen1, 1Stavanger University Hospital &
Institute of Medicine, University of Bergen Stavanger - Norway, 2Stavanger University
Hospital, Department of Research, Section of
Biostatistics - Stavanger - Norway, 3Stavanger University Hospital, Department of
Biochemistry - Stavanger - Norway, 4Nord
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PPV

AUC

concentrations of cardiac troponins.
Purpose: Our aim was to compare changes in
plasma troponin I (TnI) levels (Abbott Diagnostics) in patients with symptomatic heart failure
undergoing a 12 week structured exercise training
program (Intervention group, IG) with changes in
controls on a recommendation of regular exercise
(RRE); control group, (CG) in a randomized
clinical trial.
Methods: This was a post hoc analysis of the
SMARTEX-HF trial in 199 patients with symptomatic HF with LVEF <35% and NYHA II-III.
The patients were randomly assigned to High
Intensity Interval Training (HIIT, n=73), Moderate
Continuous Training (MCT, n=59) or RRE, (n=67)
for 12 weeks. HIIT and MCT groups constituted
the intervention group (IG). Measurements
and clinical data acquired before and after the

Plasma levels of troponin I is
reduced after a 12 week exercise
training program in patients with
uncomplicated heart failure. A
substudy of the SMARTEX-HF
study
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(The), 4Mayo Clinic - Rochester - United
States of America, 5Trinity College Dublin Dublin - Ireland,
Background/Introduction: The realisation that
subjects with rheumatoid arthritis (RA) are at
increased risk of cardiovascular disease (CVD)
has led to a growing interest in risk factor control
in such people, but whether this has influenced
the management of dyslipidaemia and hypertension (HT) is uncertain.
Purpose: To describe differences in lipid and
blood pressure (BP) levels among patients with
RA from five world regions. Furthermore, to
evaluate attainment of guideline recommended
targets for lipid lowering and antihypertensive
treatment.
Methods: The SUrvey of CVD Risk Factors in
patients with RA (SURF-RA) was conducted at
53 centres in 19 countries from 2014 to 2019.
Data including demographics, RA disease characteristics, CVD comorbidity, risk factors and use
of preventive treatment was collected. HT was
defined as self-reported HT, and/or measured BP
>140/90 mmHg, and/or use of anti HT medication (a-HT). The treatment goal of a-HT was BP
<140/90 mmHg. The 10-year risk of a fatal CVD
event was calculated by the European CVD risk
calculator, the Systematic COronary Risk Evaluation (SCORE), and was thereafter multiplied with
1.5 as recommended by the European League
Against Rheumatism. Patients were classified in a
high or very high CVD risk group according to the
2012 European Society of Cardiology guidelines,
with low density lipoprotein cholesterol (LDL-c)
goal at <2.6 and <1.8 mmol/L, respectively.
Results: In total, 14503 RA patients were included. The mean age was 59.8±13.6 years, most
of whom (74%) were female. Nearly 2/3 of the
patients were hypertensive. Use of a-HT in the
total population differed substantially between
the cohorts with limited use in West Europe and
Latin America (17.4% and 24.8%), in contrast
to North America and East Europe (46.8% and
57.0%). On average, half of those with HT were
at the recommended BP goal. The lowest BP
goal attainment was seen in Asia, West and
East Europe (40.8-43.1%), and the highest in
North America (63.5%). Overall 51.5% had an
indication for lipid lowering therapy (LLT), and of
these only 43.5% were taking LLT. Only 34.0%
of patients with an indication for LLT were at
recommended LDL-c goals. The proportion of
RA patients on target for LDL-c varied greatly
between regions, from 23.1% in East Europe
to 51.0% in North America. The LDL-c goal
attainment was higher in RA patients at high risk
(45.1%) compared to those at very high risk of
CVD (18.0%).
Conclusion(s): This large international survey on
RA patients revealed considerable geographical
differences in CVD preventive treatment. Only

12-week exercise training intervention were
analysed.
Statistical analysis: Changes of TnI levels from
baseline to 12 weeks are presented as medians
and interquartile ranges. One-sample Wilcoxon
sign rank test was used to determine if for a
specific group of patients, the median change
of troponin levels was equal to zero. In addition,
Mann-Whitney U test was used to compare
reductions of TnI between two groups.
Results: After 12 weeks plasma levels of TnI were
reduced for all patients (median 11.9 to 11.4 ng/L,
p=0.032) and there was no difference between
the study groups (p=0.072). However, when
the groups were studied separately, reduction of
plasma levels of TnI was statistically significant in
the IG only (12.5 to 11.7 ng/L, p= 0.011), (CG 11.4
to 10.7 ng/L, p=0.955).
For the study cohort restricted to patients without additional complicating factors (i.e. no atrial
fibrillation, no history of hypertension, diabetes
or chronic obstructive pulmonary disease, n=77),
difference in changes of plasma levels of TnI
between IG (n=54) and CG (n=23) was found to
be statistically significant (p=0.004). IG changed
from 11.3 to 9.5 ng/L (p=0.002), (CG 12.6 to 12.7
ng/L, p=0.467).
Conclusions: A 12 weeks exercise-training program was associated with a reduction of plasma
TnI levels in patients with mild to moderate
HFrEF without additional complicating factors.

Management of dyslipidaemia
and hypertension in patients with
rheumatoid arthritis in 19
S Rollefstad1, E Ikdahl1, J Sexton1, GD Kitas2,
P Van Riel3, CS Crowson4, I Graham5, AG
Semb1, 1Diakonhjemmet Hospital, Preventive Cardio-Rheuma Clinic, Department of
Rheumatology - Oslo - Norway, 2Russels Hall
- Dudley - United Kingdom of Great Britain &
Northern Ireland, 3University Medical Center
St Radboud (UMCN) - Nijmegen - Netherlands
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one half of subjects were at blood pressure goals,
and achievement of lipid goals was even poorer
at one third of those eligible for treatment, which
is lower than what is reported for subjects with
coronary heart disease. We conclude that there
is a substantial need for improvement in CVD
preventive measures in RA patients.

sored upon switching OAC, discontinuation of
OAC, death, or end of study period. Multivariate
competing risk regression was used to evaluate
association between treatment and the outcomes stroke/se and major bleeding, treating death
as a competing risk.
Results: A total of 30 401 patients were identified; 6 650 starting warfarin, 3 857 starting
dabigatran, 6 108 starting rivaroxaban, and 13
786 starting apixaban. The median age was 82
years. Dabigatran-users had less comorbidity
than all other OAC-users; the greatest difference
was seen in the proportion of patients with
chronic kidney disease (4.3% in the dabigatrangroup versus 7.0%, 10.5%, and 16.5% in the
rivaroxaban, apixaban, and warfarin groups,
respectively). The median follow-up time was 15
months, during which time 1 386 (4.6%) patients
suffered a stroke/SE; 1 277 (4.2%) patients had a
major bleeding episode; and 3 270 (10.8%) died.
Adjusted subhazard ratios for stroke/SE and
major bleeding are presented in the figure.
Conclusion: Comparing NOACs with warfarin, we
found no significant differences in risk of stroke/
SE, while apixaban was associated with lower
risk of major bleeding than warfarin. Comparing
NOACs with each other; dabigatran was associated with a significantly lower risk of stroke/SE
compared with rivaroxaban and apixaban, while
both dabigatran and apixaban were associated
with significantly lower risks of major bleeding
compared with rivaroxaban.

Comparison of warfarin, dabigatran, rivaroxaban and apixaban
for effectiveness and safety among
elderly patients with atrial fibrillation: a nationwide cohort study
OCW Rutherford1, C Jonasson2, W Ghanima3, F Soderdahl4, S Halvorsen5, 1Sykehuset Ostfold Kalnes, Department of Cardiology
- Sarpsborg - Norway, 2Norwegian University
of Science and Technology, HUNT Research
Center, Faculty of Medicine and Health Sciences - Trondheim - Norway, 3Sykehuset Ostfold
Kalnes, Department of Haematology - Sarpsborg - Norway, 4Statisticon AB - Stockholm
- Sweden, 5Oslo University Hospital, Department of Cardiology - Oslo - Norway,
Introduction: Age is a strong independent risk
factor for stroke and systemic embolism (SE) in
patients with atrial fibrillation (AF). Reducing risk
of stroke/SE with oral anticoagulation (OAC)
in elderly patients involves a correspondingly
greater risk of bleeding than in younger patients.
Non-vitamin K antagonist oral anticoagulants
(NOACs) are associated with a net clinical
benefit over vitamin K antagonists in the elderly
population, but knowledge is lacking about the
comparative effectiveness and safety between
specific oral anticoagulants in these patients.
Purpose: The aim
of this study was to
compare the rates of
stroke/SE and major
bleeding between
new users of warfarin,
dabigatran, rivaroxaban, and apixaban, in
a nationwide cohort
of AF patients over
75 years.
Methods: From
Norwegian national
registries we identified all anticoagulant
naïve initiators of
warfarin, dabigatran,
rivaroxaban and
apixaban over 75
years of age between
January 2013 and
December 2017.
During follow-up,
patients were cen-
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The tricuspid annular peak systolic
excursion to systolic pulmonary
artery pressure index: association
with all-cause mortality in patients
with moderate or severe tricuspid
regurgitation

was associated with significantly higher hazard
ratio of all-cause mortality (HR: 2.0; 95% CI 1.273.14, p=0.003). Age, coronary artery disease, left
ventricular ejection fraction and right atrium area
were other independent predictors of all-cause
mortality.
Conclusions The TAPSE/SPAP index, reflecting
RV systolic function in the longitudinal axis corrected for force generating by the RV is a powerful predictor of all-cause mortality in patients
with moderate or severe TR.

S Saeed1, J Smith2, K Grigoryan2, V Lysne1,
R Rajani2, JB Chambers2, 1Haukeland University Hospital, Department of Cardiology
- Bergen - Norway, 2St Thomas’ Hospital, Cardiothoracic Centre - London - United Kingdom
of Great Britain & Northern Ireland,
Background: In patients with significant tricuspid
regurgitation (TR) the conventional markers
for the assessment of right ventricular (RV)
systolic function may be less accurate. Tricuspid
annular plane systolic excursion (TAPSE) indexed
to systolic pulmonary artery pressure (SPAP)
(TAPSE/SPAP) may be prognostically useful in
pulmonary hypertension and right ventricular
(RV) dysfunction.
Objective: Our aim was to explore the prognostic value of TAPSE/SPAP index in patients with
moderate or severe TR.
Methods A total of 209 patients (72±14 years,
56% women) with moderate (n=123) or severe
(n=86) TR (primary in 6% and secondary in
94%) were followed up for a median of 80
months (mean 70±33 months). The clinical correlates of TAPSE/SPAP ratio and association with
all-cause mortality were assessed.
Results The TAPSE/SPAP index was inversely
correlated with all-cause mortality with an
optimal threshold of 0.49 mm/mmHg. A low
index was found in 139 (68%) patients and was
associated with reduced survival (Figure). In a
multivariate Cox regression analysis adjusted for
age, smoking, coronary artery disease, left ventricular ejection fraction, right atrium area and
mitral valve replacement, low TAPSE/SPAP index

Incidence and risk factors for
major bleeding among patients
undergoing percutaneous coronary intervention: findings from
the Norwegian coronary stent trial
(NORSTENT).
P Samuelsen1, AE Eggen2, T Steigen1, T
Wilsgaard2, A Kristensen1, A Skogsholm1, E
Holme1, C Van Den Heuvel1, JE Nordrehaug3,
B Bendz4, DWT Nilsen5, KH Bonaa6, 1University Hospital of North Norway - Tromso
- Norway, 2UiT The Arctic University of Norway - Tromso - Norway, 3University of Bergen
- Bergen - Norway, 4Oslo University Hospital
Rikshospitalet - Oslo - Norway, 5Stavanger
University Hospital - Stavanger - Norway, 6St
Olavs Hospital - Trondheim - Norway,
Introduction: Bleeding is a concern after percutaneous coronary intervention (PCI) and subsequent dual antiplatelet therapy (DAPT).
Purpose: We herein report the incidence and
risk factors for major bleeding in the Norwegian
Coronary Stent Trial (NORSTENT).
Materials and methods: NORSTENT was a
randomized, double blind, pragmatic randomized trial among patients with acute coronary
syndrome or stable coronary disease undergoing
PCI during 2008-11. The patients (N = 9,013)
were randomized to receive either a drug eluting
stent or a bare metal stent, and were treated with
at least 9 months of DAPT. The patients were followed for a median of five years, with BARC 3-5
major bleeding as one of the safety endpoints.
We estimated cumulative incidence by a competing risks model and risk factors through causespecific Cox models.
Results: The 12-month cumulative incidence
of major bleeding was 2.3%. Independent risk
factors for major bleeding were chronic kidney
disease (CKD), underweight (< 60 kilograms),
diabetes mellitus, and advanced age (> 80
years). A myocardial infarction (MI) or PCI
during follow-up increased the risk of major
bleeding (HR = 1.7, 95% CI 1-3-2.2).
Conclusions: The 12-month cumulative incidence
of major bleeding in NORSTENT was higher than
reported in previous, explanatory trials. This
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analysis strengthens the role of CKD, advanced
age, and underweight as risk factors for major
bleeding among patients receiving DAPT after
PCI. The presence of diabetes mellitus or recurrent MI among patients is furthermore a signal of
increased bleeding risk.

included in SURF-RA, of whom 75 and 1262
patients reported DM type 1 and type 2, respectively (total 1337 patients, 12.6%). Although less
often current smokers, RA-DM patients were
more often previous smokers, male sex and had
higher body mass index compared to RAwoDM
(p<0.0001 for all). a-HT (84.7% vs 62.3%) and
LLT (100% vs 47.2%) were more frequently
indicated in RA-DM than in RAwoDM patients (p
<0.0001 for both). RA-DM were more likely than
RAwoDM to receive a-HT on indication (60.4%
vs 57.6%, p<0.0001), while the difference in LLT
use on indication was not significantly different
(45.7% vs 42.5%, p = 0.06). Moreover, RA-DM
compared to RAwoDM patients had more often
reached treatment goals when on a-HT (60.7%
vs 54.1%, p<0.0001) and LLT (62.8% vs 48.9%,
p<0.0001). Finally, the risk of all recorded
established CVD (coronary heart disease, stroke,
peripheral artery disease and atrial fibrillation)
was increased by a factor of 2 to 3 in RA-DM
compared to RAwoDM (Figure).
Conclusion: The effect of RA and comorbid DM
on CVD risk appears to be additive. While CVD
preventive medications are more often indicated
in RA-DM than in RAwoDM patients, they are
also more likely to receive such therapy and to
reach CVD preventive treatment goals. The latter finding may be due to more developed CVD
preventive care in DM compared to RA patients.
Improved CVD preventive systems for patients
with RA are warranted.

Diabetes mellitus and cardiovascular risk management in patients
with rheumatoid arthritis in a
large international audit
AG Semb1, S Rollefstad1, J Sexton1, G Kitas2, P
Van Riel3, C Crowson4, I Graham5, E Ikdahl1,
1Diakonhjemmet Hospital - Oslo - Norway,
2Dudley Group of Hospitals NHS Trust Dudley - United Kingdom of Great Britain &
Northern Ireland, 3Medical Centre - Leiden
- Netherlands (The), 4Mayo Clinic - Rochester
- United States of America, 5Trinity College
Dublin - Dublin – Ireland
Background: The cardiovascular disease (CVD)
risk in patients with rheumatoid arthritis (RA)
is comparable to that of patients with diabetes
mellitus (DM). Although several studies have
indicated high prevalence’s of DM in RA patients,
little is known about how this affects their CVD
risk.
Objectives: To examine indications for, and use
of antihypertensive treatment (a-HT) and lipidlowering therapy (LLT) in RA patients with DM
(RA-DM) and RA patients
without DM (RAwoDM).
Further, to compare the
prevalence of various types
of CVD across RA-DM and
RAwoDM.
Methods: The cohort was
derived from the SUrvey
of cardiovascular disease
Risk Factor in patients
with Rheumatoid Arthritis
(SURF-RA), which was
performed in 53 centres/17
countries in 5 world regions
(West and East Europe;
North and Latin America;
and Asia) from 2014 - 2019.
Indication for a-HT was
defined as: 1) systolic/
diastolic blood pressure (BP) ≥ 140/90 mm Hg,
2) self-reported hypertension, and/or 3) current use of a-HT. Indication for LLT was defined
according to ESC guidelines. CVD risk estimates
(by SCORE) were multiplied by 1.5 according
to EULAR recommendations. Target treatment
targets for BP and lipids were defined according
to ESC guidelines applicable at the time data
were recorded.
Results: Presence of comorbid DM was available
in 10 602 (73.1%) of the 14 503 RA patients
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Survey of cardiovascular disease
and risk factor management in
patients with rheumatoid arthritis across 5 world regions: Results
from the SURF-RA

lowest in West Europe (17.4%) and highest
in East Europe (57.0%), and 26.4% used lipid
lowering agent(s), lowest in Asia (7.2%) and
highest in North America (31.1%). Body mass
index > 30 kg/m2 was present in 26.6%, with
the smallest waist circumference in Asia [mean
(SD): 84.1 (13.6) cm] and highest in East Europe
[92.5 (15.5) cm]. The proportion of current
smokers was on average: 16.2 %, lowest in Asia
(7.8%) and highest in East Europe (28.5%).
Conclusion: The high prevalence of CVD risk factors and ASCVD in patients with RA across five
world regions shows that there is still an unmet
need for vigilance and improved implementation
of preventive measures in this high CVD risk
patient population.

AG Semb1, E Ikdahl1, J Sexton1, G Kitas2, P
Van Riel3, C Crowson4, I Graham5, S Rollefstad1, 1Diakonhjemmet Hospital - Oslo - Norway, 2Dudley Group of Hospitals NHS Trust
- Dudley - United Kingdom of Great Britain &
Northern Ireland, 3Medical Centre - Leiden Netherlands (The), 4Mayo Clinic - Rochester
- United States of America, 5Trinity College
Dublin - Dublin - Ireland,
Background: Patients with rheumatoid arthritis
(RA) are at high risk for cardiovascular disease
(CVD).
Purpose: The aim of this survey was to evaluate
updated information on CVD risk factors, comorbidities, RA disease characteristics, RA and CVD
preventive medication in patient with RA.
Methods: The audit is termed SUrvey of cardiovascular disease Risk Factors in patients with
Rheumatoid Arthritis (SURF-RA) and was performed in 53 centres/19 countries/5 world regions
in 2014-2019. SURF-RA have been performed in
patients with coronary heart disease, in primary
care, and now in patients with stroke, SLE and
antiphophlipid syndrome. The survey was approved by the Data Protection Officer (2017/7243)
and a GDPR evaluation has been performed
(10/10-2018).
Results: Among 14 503 patients with RA in West
(n= 8 493) and East (n=923) Europe, Latin
(n=407) and North (n=4 030) America and
Asia (n=650) the mean (SD) age was 59.9 (13.6)
years, and 2/3 or more were female (table). RA
disease duration was comparable across the
world regions, ranging from 9.9 to 12.6 years. The
prevalence of atherosclerotic CVD (ASCVD) was
lowest in Latin America (2.5%) and highest in
East Europe (21.4%), and this pattern was similar
regarding familial premature CVD. The mean
prevalence (% of each entity) of blood pressure
above 140/90 mmHg was 5.3%, of low density
lipoprotein cholesterol > 2.5 mmol/L: 63.3%.
Overall, 29% used antihypertensive medication,

Sex-specific temporal trends in the
incidence of atrial fibrillation in a
large Norwegian population

All

West
Europe

East
Latin
North
Europe America America

Number of
patients

14503

8493

923

407

4030

Age, mean (SD)

59.8
(13.6)

60.7
(13.2)

58.8
(11.8)

52.8
(11.6)

59.4
(14.8)

Sex, female (%)

74.5

74.1

78.5

92.4

72.2

ACVD (%)

13.3

11.4

21.4

2.5

16.2

LLT (%)

26.4

25.1

28.5

22.4

31.1

Any anti-HT (%)

29.0

17.4

57.0

24.8

46.8
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E Sharashova1, T Wilsgaard1, J Ball2, E
Gerdts3, A Rosengren4, I Njolstad1, EB Mathiesen5, H Schirmer6, A Nyrnes1, S Kildal7, S
Tiwari1, H Espnes1, M Stylidis1, ML Lochen1,
1UiT The Arctic University of Norway,
Department of Community Medicine - Tromso
- Norway, 2Ambulance Victoria, Centre for
Research and Evaluation - Melbourne - Australia, 3University of Bergen, Department of
Clinical Science - Bergen - Norway, 4Sahlgrenska Academy - University of Gothenburg,
Department of Molecular and Clinical Medicine - Goteborg - Sweden, 5UiT The Arctic
University of Norway, Department of Clinical
Medicine - Tromso - Norway, 6University of
Oslo, Institute of Clinical Medicine - Oslo Norway, 7Telemark Hospital, Department of
Internal Medicine - Skien - Norway,
Background: Due to population aging, increasing
prevalence of obesity and enhanced detection,
the prevalence of atrial fibrillation (AF) worldwide is increasing steadily. Considerable sex differences in the epidemiology of AF such as lower
prevalence and later onset in women compared
to men have been reported. However, little is
known about sex-specific temporal trends in AF
incidence within the general population.
Purpose: To explore sex-specific age-adjusted
secular trends in the incidence of
Asia p-value AF in a general population from
Norway between 1986 and 2014.
Methods: A total of 16,865 men
650
and 15,413 women aged 20
55.7
<0.001 years or older and without AF
(13.1)
were enrolled in a longitudinal
77.3
population study between 1986
10.3 <0.001 and 2008 and followed up for
7.2
<0.001 incident AF to the end of 2014.
Follow-up was from the date of
31.8 <0.001 attendance to the date of AF,
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PRediction and detection of Occult
Atrial fibrillation in patients
after acute Cryptogenic stroke
and Transient Ischemic Attack
(PROACTIA)

emigration or death, whichever came first. All AF
cases were validated by an independent endpoint
committee using hospital and death records. AF
incidence rates were calculated for each calendar
year by dividing the number of AF cases per year
by the corresponding person-time at risk. To
allow for non-linear time trends, calendar year
was ﬁtted using fractional polynomials. Poisson regression was used to estimate calendar
year-specific AF incidence rates adjusted for age.
All analyses were stratiﬁed by sex.
Results: A total of 911 AF events in women and
1,139 AF events in men occurred over 324,090
person-years and 294,531 person-years of
follow-up, respectively. During the study period
AF incidence rates in men were at least double that in women (Figure). Age-adjusted AF
incidence rates in women increased from 1986,
peaked at 0.87 per 1000 person-years in 1998
and then decreased slightly towards 2014. In
men AF incidence rates increased up to 2.18 per
1000 person-years in 2005 and then steeply
decreased.
Conclusion(s): AF incidence rates decreased in
both women and men towards the end of the
study period. The decrease was more profound
in men compared to that in women. One possible
explanation is more pronounced reduction in
incidence and better treatment of myocardial
infarction in men compared to women given that
the aetiology of AF in men is mainly ischemic
heart disease-related. However, further epidemiological analyses should be undertaken to
identify explanatory factors.
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L Skrebelyte-Strom1, K Steine1, OM Ronning2,
F Dahl3, H Kjekshus1, 1Akershus University
Hospital, Department of Cardiology - Akershus - Norway, 2Akershus University Hospital,
Department of Neurology - Akershus - Norway, 3Akershus University Hospital - Akershus - Norway,
Background: Studies with implantable cardiac
rhythm monitors (ICRM) have shown that a 1/3
of patients with cryptogenic stroke/transitory
ischemic attack (TIA) have episodes of subclinical atrial ﬁbrillation (SCAF) as one of the potential risk factor for cerebral embolism. However,
ICRM are costly and resource demanding.
Purpose: The PROACTIA study seeks to test a
pre-specified scoring system to assess individual
risk of SCAF in order to offer tailored therapy to
patients after cryptogenic stroke/TIA.
Methods: Patients admitted with first time cryptogenic stroke or TIA were eligible for the study
and underwent blood sampling, cerebral CT/MRI,
carotid Doppler ultrasound, ECG, 24h-HolterECG,
transthoracic transesophageal echocardiography,
registration of medical history and implantation
of ICRM during the index hospitalization
The scoring system was composed of variables
that have previously been found associated
with AF occurrence: CHA2DS2-VASc, P-wave
duration (P-dur), premature atrial contractions
(PAC)/24h, supraventricular runs (SVR)/24h,
left atrial end-systolic volume index (LAVI), and
the biomarkers TnT, NT-proBNP and D-dimer.
Data are presented as median (inter quartile
range).
Results: Within 25 months, 434 patients
screened and 251 patients were included in
the present study and had an ICRM implanted.
Eleven patients were later excluded yielding a
study cohort of 176 patients with cerebral infarction and 61 with TIA that were followed for 833
(633-1028) days. AF was detected in 36 %. It
took 113 (25-336) days to detect AF, and 5 (2-14)
days from AF-detection to initiation of NOAC.
All variables were significantly increased in AF
patients: no-AF vs AF: CHADS-VASC: 4 (3-5) vs
5 (4-6)*, LAVI mL/m2: 35 (28-40) vs 40 (3550)**, PAC/24h: 69 (29-211) vs 347 (59-1917)**,
SVR / 24-h: 1 (0-3) vs 3 (1-17)**, P-dur ms: 100
(100-120) vs 120 (100-120)**, D-dimer mg/L:
0,3 (0,2-0,6) vs 0,5 (0,3-0,9)**, TnT ng/L: 10
(7-16) vs 15 (9-27)**, NT-proBNP ng/L: 103 (49283) vs 245 (102-774)**. * p<0.01, ** p<0.001.
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Multivariate analysis yielded the following model:
-8.524 + 0.057*LAVI (p<0.001) + 0.035*P-dur
(p<0.001) + 0.873*LogPAC/24h(p<0.001). ROC
analysis using leave-one-out cross validation:
AUC = 0.77. Applying the model to our population, it would identify a high-risk group (>80%
true positive) consisting of 17 true positive and
4 false positive, and a low-risk group (<5% false
negative) consisting of 17 true negative and 1
false negative.
Conclusions: ICRM detected SCAF in 36%
of cryptogenic stroke/TIA patients within 27
months. LAVI, PAC/24h and P-duration were
strong independent predictors of SCAF enabling
a meaningful risk stratification that can be used
for tailoring therapy in cryptogenic stroke/TIA
patients.

out pAF, but with any of the above conditions,
(3) A group with pAF, but in sinus rhythm at
examination (n=87). LA reservoir strain (LASr),
conduit strain (LAScd) and contractile strain
(LASct), as well as LA MD were assessed by STE.
MD was defined as the standard deviation (SD)
of time from ECG R to peak atrial longitudinal
strain (SD-TPS), and corrected by RR-interval
(SD-TPS/RR), expressing LA MD as a percentage
of the cardiac cycle. Comparisons were made
by Mann-Whitney U-test due to non-normal
distributions.
Results: Mean age was 63.5 ± 0.5 years and
46.6 % were women. LASr, LAScd and LASct
were significantly lower, and LA MD significantly
higher in the pAF group compared to the healthy
and non-healthy groups (Table; Figure).
Conclusion: The present study has demonstrated
LA dysfunction and dyssynchrony in patients
with pAF, which may reflect LA remodeling and
increased fibrosis.

Left atrial dysfunction and dyssynchrony in paroxysmal atrial
fibrillation: data from the akershus
cardiac examination
1950 study

Healthy (n=179)
Median (IQR)

Non-healthy
(n=350)
Median (IQR)

pAF (n=87)
Median (IQR)

MG Solberg1, EN Aagaard2,
LASr (%)
34.6 (29.2-43.3)‡ 34.2 (28.9-42.4)‡ 25.5 (21.3-29.9)
T Berge1, PS Roenningen1, S
LAScd (%)
17.0 (14.2-23.1)‡ 16.7 (13.3-21.8)‡
13.7 (9.9-17.3)
Enger1, S Nygaard3, O Pervez2,
LASct (%)
16.8 (13.7-20.8)‡ 17.7 (13.7-21.9)‡
12.9 (9.5-14.9)
EB Orstad2, BA Kvisvik2,
LA MD (ms)
31.7 (18.8-48.4)† 31.0 (15.3-47.4)‡ 40.2 (22.9-56.9)
MN Lyngbakken2, H Rosjo2,
K Steine2, A Tveit1, 1Baerum
LA MD corrected (%) 3.1 (1.7-5.0)*
3.0 (1.5-4.7)†
3.8 (2.2-5.6)
Hospital - Baerum - Norway,
LAVimax (ml/m2)
24.5 (21.1-29.1)‡
27.6 (23.0-32.0)‡ 31.5 (25.6-36.6)
2Akershus University Hospital Akershus - Norway, 3University P-values versus pAF: * <0.05, † <0.01, ‡ <0.001. LASr = left atrial
reservoir strain, LAScd = left atrial conduit strain, LASct = left atrial
of Oslo - Oslo - Norway,
contraction strain, LA MD = standard deviation of time to peak positive
Background: Left atrial (LA) strain
strain (SD-TPS), LA MD corrected = standard deviation of time to peak
measurements by speckle trackpositive strain corrected by RR-interval (SD-TPS/RR), LAVImax = left
ing echocardiography (STE) are
atrial end-systolic volume, corrected by body surface area.
predictive markers of cardiovascular morbidity, including atrial
fibrillation (AF). LA mechanical dispersion (LA MD) is a new parameter derived from STE. A reduction of
LA strain is considered to reflect LA
dysfunction, while increased LA MD
may reflect LA dyssynchrony.
Purpose: To assess LA dysfunction
and dyssynchrony, as measured by
STE, in patients with paroxysmal AF
(pAF).
Methods: A subset of 616 participants in the Akershus Cardiac
Examination 1950 Study were
divided into three groups: (1) A
healthy group (n=179) defined
by excluding AF, coronary artery
disease, stroke, hypertension,
chronic obstructive pulmonary disease, body
mass index > 30, left ventricular ejection fraction
< 50%, transmitral E/e’ > 14 or E/A > 2.0, (2) A
non-healthy group (n=350) of participants with-
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Individuals with familial hypercholesterolemia have increased
risk of re-hospitalization after
acute myocardial infarction compared with controls

Conclusion: This study yields the important
finding that persons with FH have increased
risk of re-hospitalization of both AMI and CHD
after incident AMI. These findings call for more
intensive follow-up of individuals with FH after
an AMI.

K Svendsen1, HW Krogh2, J Igland3, GS Tell3,
LJ Mundal4, KB Holven5, MP Bogsrud4, T
Leren4, K Retterstol1, 1University of Oslo
& Oslo University Hospital, Department of
Nutrition and The Lipid Clinic - Oslo - Norway, 2University of Oslo, Department of
Nutrition - Oslo - Norway, 3University of Bergen, Global Public Health and Primary Care
- Bergen - Norway, 4Oslo University Hospital
- Oslo - Norway, 5University of Oslo & Oslo
University Hospital, Department of Nutrition
& Norwegian National Advisory Unit on Familial Hypercholesterolemia - Oslo - Norway,
Background: and aim: We have previously
reported that individuals with familial hypercholesterolemia (FH) have a two-fold increased risk
of acute myocardial infarction (AMI) compared
with the general population. The consequences
of having an AMI on re-hospitalization and
mortality are however less known. The aim of
the present study was to compare the risk of
re-hospitalization with AMI and CHD and risk
of mortality after incident (first) AMI-hospitalization between persons with and without FH
(controls).
Methods: The original study population comprised 5691 persons diagnosed with FH during
1992-2014 and 119511 age and sex matched
controls randomly selected from the general
Norwegian population. We identified 221
individuals with FH and 1947 controls with an
incident AMI registered in the Norwegian Patient
Registry (NPR) or the Cardiovascular Disease in
Norway Project during 2001-2017. Persons with
incident AMI were followed until December 31st
2017 for re-hospitalization with AMI or coronary
heart disease (CHD) registered in the NPR, and
for mortality through linkage to the Norwegian
Cause of Death Registry. Risk of re-hospitalization was compared with sub-hazard ratios (SHR)
from competing risk regression with death as
competing event, and mortality was compared
using hazard ratios (HR) from Cox regression. All
models were adjusted for age.
Results: Risk of re-hospitalization was 2-fold
increased both for AMI [SHR=2.53 (95% CI:
1.88-3.41)] and CHD [SHR=1.82 (95% CI:
1.44-2.28)]. However, persons with FH did not
have increased 28-day mortality following an
incident AMI (HR=1.05 (95% CI: 0.62-1.78), but
the longer-term (>28 days) mortality after first
AMI was increased in FH [HR=1.45 (95% CI:
1.07-1.95].

Drug related metabolites and
genetic polymorphisms predict low
low-density lipoprotein cholesterol
response to atorvastatin treatment
in patients with coronary heart
disease
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J Munkhaugen1, E Sverre1, O Kristiansen1,
MW Fagerland2, K Peersen3, S Bergan2, L
Gullestad4, E Husebye1, NT Vethe4, 1Drammen Hospital, Dept of Medicine - Drammen
- Norway, 2University of Oslo - Oslo - Norway,
3Vestfold Hospital - Tonsberg - Norway, 4Oslo
University Hospital Rikshospitalet - Oslo
- Norway,
Background: There is considerable individual
variation in the low-density lipoprotein cholesterol (LDL-C) reduction at all classes and doses
of statins. Knowledge of the determinants of
individual variation LDL-C response upon statin
treatment may pave the way for personalized and
optimized statin treatment.
Purpose: We aimed to determine clinical and
drug related predictors of variability of LDL-C
response to atorvastatin 40 mg in patients with
coronary heart disease.
Methods: This is an explorative study among 70
patients enrolled in the MUscle Side-Effects of
atorvastatin in coronary patients (MUSE) randomized double blinded cross-over trial. Absolute and relative changes in LDL-C after 7 weeks
treatment with atorvastatin 40 mg/day and 7
weeks treatment with placebo, were calculated
for each patient. Linear regression analyses were
applied to investigate the association between
clinical (10 variables) and drug related (atorvastatin and/or metabolites, 18 variables) predictors
and changes in LDL-C.
Results: Adherence to allocated treatment was
high as confirmed by atorvastatin levels in blood
and a mean proportion of days covered of 99%
(range 91-100%). Mean reduction in LDL-C on
atorvastatin treatment (LDL-C atorvastatin –
LDL-C placebo) was 2.1 (SD 0.7, range 0.3 to 3.4)
mmol/L. Mean percentage reduction in LDL-C
was 51.1 (SD 11.2, range 29 to 60)%, and 37
patients (52.9%) had <50% LDL-C reduction.
Genetic polymorphisms in SLCO1B1 or CYP3A (B
0.06, 95% CI 0.01 to 0.12, p=0.026), increasing
number of coronary events (B 0.06, 95% CI
0.002 to 0.10, p=0.005), increasing trough concentration of 4-OH atorvastatin lactone (B 0.05,
95% CI 0.01 to 0.08, p=0.005) and increasing
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trough concentration of 4-OH atorvastatin acid
(B 0.05, 95% CI 0.01 to 0.08, p=0.006) were the
significant determinants of lower relative change
(%) in LDL-C, in adjusted analyses. Age, gender,
somatic comorbidity, cardiovascular risk factors,
statin dependent muscle side-effects and other
clinical and drug related determinants were not
associated with changes in LDL-C.
Conclusions: There is considerable inter-individual variation in the LDL-C response upon
treatment with atorvastatin despite confirmed
high statin adherence. This is the first study
reporting that genetic polymorphisms involved
in the metabolism of statins and atorvastatin
metabolites predict lower LDL-C response.

Score Reference Values web tool. We excluded
patients already stratified as high risk due to previous myocardial infarction or coronary revascularization. The primary endpoint was a composite
of 5 point MACE (death, myocardial infarction,
PCI, CABG and stroke) and was extracted from
the electronic medical records. We censored
follow up on the 31st December 2018.
Results: We included 1975 patients (958
(48.5%) male, age 60.3 ±12.0). The average CAC
was 288±701. After median follow up of 6.0 (5.36.5 IQR) years, 372 patients fulfilled a primary
endpoint. Event rate increased significantly with
higher percentiles of CAC score (log rank 0.001,
Figure 1). A total of 687 patients had a CAC score
of 0. In this group we observed only 21 events
during 6 years follow up, giving an annual event
rate of 0.6 %. Annual event rate in the patients
with CAC percentile 1-75 was 3.2% and in the
patients with CAC percentile 75-99 annual
event rate was 5.6%. Death occurred in 10% of
patients in the two upper percentiles compared
to only 2% in the lowest percentile (p<0.001)
Conclusion: Our findings support that CAC is a
powerful predictor of coronary artery events. Furthermore, our study confirms excellent long term
prognosis regarding cardiac events in patients

The prognostic impact of coronary
calcium score in low risk patients presenting with chest pain;
a 6-year follow-up single center
study

J Thalamus1, CC Gibbs1, ME Topper1, C
Oestvold1, K Heldal2, JD Solli3, T Motswakadikgwa1, KA Tobiasson1, H Aasegard1, J
Hysing1, KH Haugaa4, 1Telemark Hospital,
Department of Cardiology - Skien - Norway,
2Telemark Hospital, Internal Medicine - Skien
- Norway, 3TeleCoronary Artery Calcification (percentiles)
mark Hjertesenter
- Porsgrunn - Norway,
Total
Percentile 0 Percentile 1-75 Percentile 75-99
P Value* P Value**
Event type
N=1975
N=687
N=596
N=692
4Oslo University
Hospital RikshosDeath
140 (7%)
12 (2%)
61 (10%)
67 (10%)
<0.01
0.74
pitalet, Department
MI
53 (3%)
3 (0.4%)
9 (2%)
41 (6%)
0.05
<0.01
of Cardiology - Oslo
PCI
134 (7%)
2 (0.3%)
26 (4%)
106 (15%)
<0.01
<0.01
- Norway,
CABG
24
(1%)
0
5
(1%)
19
(3%)
0.02
0.01
Background: Evaluation
Stroke
42 (2%)
7 (1%)
18 (3%)
17 (3%)
0.01
0.54
and risk stratification
of patients with chest Shows events according to CAC percentile. * Difference between CAC percentile 0
pain is a frequent task and CAC percentile 1-75. ** Difference between CAC percentile 76 and CAC percenin cardiology. Coronary tile 99.
artery calcium is an
established risk marker
and is in wide clinical use. However, less is known about the
long-term prognostic implications of coronary calcium score
values in low risk individuals.
Purpose: We wanted to investigate the long-term outcome
related to coronary artery
calcium score (CAC).
Methods: We included patients
who were examined with
coronary CT angiography or
GT SPECT from August 2011
to August 2015. The coronary
calcium score percentile was
calculated using the MESA
Coronary Artery Calcium (CAC)
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with 0 CAC, which is helpful in risk stratification
of patients with chest pain.

ble angina (UAP) in need of revascularization
and non-cardiac chest pain patients (NCCP) who
could be discharged. Recent improvements in
analytical precision of high sensitivity troponin
Novel low-delta value troponin
(cTn) assays allow for trialing algorithms with
algorithms have good precision for
very small delta values.
rule-out of NSTE-ACS
Purpose: Could the use of lower delta values
produce rule-out algorithms for NSTE-ACS with
H Tjora1, OT Steiro2, J Langorgen2, T
a false negative rate of ≤5%, and a sufficient high
Omland3, P Collinson4, RO Bjorneklett5, OK
rule-out rate of patients with NCCP.
Nygard5, Ø Skadberg6, VVS Bonarjee7, K
Vikenes2, KM Aakre8, 1Haukeland University
Method: 927 patients with suspected NSTE-ACS
Hospital, Emergency Care Clinic – Bergen –
were consecutively included. Serum samples
Norway, 2Haukeland University Hospital,
were collected at 0, 3 and 8-12 hours. The final
Department of Heart Disease – Bergen –
diagnosis was adjudicated by two independent
Norway, 3Center for Heart Failure Research,
cardiologists based on all clinical data including
Institute of Clinical Medicine, University of
routine cTnT. The 0- and 3-hour samples were
Oslo – Oslo – Norway, 4St George’s Healthcare
additionally measured for cTnIand cTnI from SinNHS Trust – London – United Kingdom of
gulex Clarity System (cTnI(sgx)). The diagnostic
Great Britain & Northern Ireland, 5University
performance to rule-out NSTE-ACS was comof Bergen, Department of Clinical Science
pared between one low-delta value algorithm
– Bergen – Norway, 6Stavanger University
from each assay (cTnT, cTnI and cTnT).
Hospital, Laboratory of Clinical Biochemistry
Results: The prevalence of NSTEMI was 13.4%,
– Stavanger – Norway, 7Stavanger University
UAP 11.4% and NCCP 60%. Median age was
Hospital, Cardiology Department – Stavanger
63 years, 60% males. Fig. 1 shows baseline and
– Norway, 8Haukeland University Hospital,
3-hour delta cTn values for the UAP and NCCP
Department of Medical Biochemistry and
patients for the three different assays. The
Pharmacology – Bergen – Norway,
baseline cTn value differed significantly between
Background: Rapid rule-out algorithms for
UAP and NCCP for all assays, p value <0.001.
non-ST-elevation infarction (NSTEMI) may be
The novel low-delta cTnT algorithm (Table 1)
beneficial for logistics in the emergency room.
ruled out 8 NSTE-ACS patients (3.5%), the cTnI
Current algorithms are designed to rule-out
algorithm and cTnI (sgx) algorithm ruled out 11
NSTEMI, but do not differentiate between unsta(4.8%) and 12 (5.2%) patients with NSTE-ACS,
respectively.
Moreover, the
0/3 hour rule-out algorithm
Sensitivity
NPV
Specificity
PPV
AUC
(N=927)
cTnT algorithm
allocated
TnI(sgx)0 <1.5 ng/L and
94.8
93.9
26.5
29.9
0.61
Δ0-3h < 0.5 ng/L
(91.1-97.3) (89.8. -96.4) (23.3 -30.0) (28.8 -31.0) (0.57- 0.64) 35.3% of the
NCCP patients
cTnT0 < 5 ng/L and
96.5
96.4
30.9
31.5
0.64
Δ0-3h < 1 ng/L
(93.3 -98.5) (93.1 -98.2) (27.4 -34.4) (30.4 – 2.7) (0.60 -0.67) to discharge.
Respective
cTnI(Abbott)0 < 2 ng/L and
95.2
94.8
28.7
30.6
0.62
Δ0-3h < 2 ng/L
(91.6-97.6)
(91.0-97.0)
(25.4-32.2) (29.4 31.8) (0.59 -0.65) numbers for the
cTnI(sgx) and
Diagnostic performance for the algorithms. All numbers are percentages.
cTnI algorithm
were 30.6%
and 33.5%.
Comparing the
ROC curves, the
cTnT algorithm
had significantly
higher AUC
compared to the
cTnI(sgx) algorithm (p value
=0.005, DeLong
test).
Conclusion:
The low-delta
value algorithms
correctly ruled
in ≥ 95% of
the NSTE-ACS
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patients whilst >30% of NCCP patients were
ruled out. The cTnT algorithm had the best
performance with a significant higher AUC compared to the cTnI(sgx) algorithm.

AF and moderate-to-severe obstructive SA
(apnea-hypopnea index (AHI)≥15), to receive
either CPAP treatment (n=54) plus usual care
or usual care alone (n=54) for five months. An
implanted loop recorder measured time in AF
continuously. The primary endpoint was the difference in change of AF burden (% of time in AF)
between CPAP treatment and usual care from
baseline (one month prior to randomization) to
the last three months of the intervention period.
Secondary endpoints were changes in quality
of life assessed by the Short Form-36 (SF-36),
Epworth Sleepiness Scale (ESS), and the Functional Outcomes of Sleep Questionnaire (FOSQ).
Results: Mean (SD) age was 62.4 (7.7) years,
BMI 29.4 (4.2) kg/m², ESS 7.9 (3.2), and 76.1%
were men. In the intervention group, the mean
duration of adherence to CPAP therapy was
4.3 hours/night. During treatment mean AHI
decreased from 27.6 events/hour at baseline to
2.3 events/hour during follow-up. Mean time
in AF decreased from 5.0%-4.3% in the control
group and from 5.6%-4.1% in the CPAP group,
but the difference in change was not significant
(p=0.52). Sub-analysis of those using CPAP><4
hours/night also showed no difference, neither
did the quality of life questionnaires.
Conclusion: This is the first randomized controlled trial to assess the effect of treatment
of SA on the burden of AF, and did not detect
a difference between those treated with CPAP
compared to usual care alone.

Effect of continuous positive airway pressure therapy in patients
with paroxysmal atrial fibrillation
and obstructive sleep apnea: A randomized controlled trial
GM Traaen1, L Aakeroy2, TE Hunt1, B
Overland3, C Bendz1, LO Sande4, S Aakhus5,
H Zare6, M Fagerland6, S Steinshamn2, N
Bredesen2, OG Anfinsen1, H Akre6, JP Loennechen5, L Gullestad1, 1Oslo University Hospital, Department of Cardiology - Oslo - Norway,
2St Olavs Hospital, Department of Thoracic
Medicine - Trondheim - Norway, 3Lovisenberg
Diaconal University College - Oslo - Norway,
4Moloklinikken - Fornebu - Norway, 5St Olavs
Hospital, Department of Cardiology - Trondheim - Norway, 6Oslo University Hospital
Rikshospitalet - Oslo - Norway,
Background: There is strong evidence for an
association between atrial fibrillation (AF) and
sleep apnea (SA).
Purpose: We aimed to examine the effect of
treatment with continuous positive airway pressure (CPAP) on the burden of AF.
Methods: After a run-in period for CPAP-tolerance, we randomly assigned 108 eligible patients
between 18-75 years, who had paroxysmal

No

AF burden (% of
time) Baseline
mean (SD)

Change from
AF burden (% of
time) Last 3 months baseline mean
(95%CI)
mean (SD)

Difference between treatment
groups in change from baseline*
mean (95% CI); P-value

Primary analysis: Intention-to-treat analysis
Usual care

54

5.00 (8.90)

4.29 (9.44)

0.71 (-0.43 to 1.85)

CPAP

54

5.59 (8.33)

4.13 (6.54)

1.46 (-0.36 to
3.27)

-0.63 (-2.55 to 1.30)
P = 0.52

Secondary per protocol analysis
Usual Care

52

5.19 (9.02)

4.45 (9.58)

0.74 (-0.45 to
1.93)

CPAP

52

4.83 (6.77)

3.97 (6.52)

0.86 (-0.70 to
2.42)

-0.21 (-2.09 to 1.66)
P = 0.82

Subgroup analysis: On-treatment analysis CPAP group
CPAP use > 4h/night 36

5.60 (7.64)

3.99 (7.28)

1.61 (-0.51 to 3.73)

CPAP use < 4h/night 18

5.56 (9.80)

4.41 (4.92)

1.15 (-2.62 to 4.92)

P = 0.63

*Adjusted for baseline value and site Abbreviations: AF=atrial fibrillation, CI=confidence interval,
CPAP=continuous positive airway pressure, SD=standard deviation
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