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High physical fitness attenuates 
both basal and exercise induced 
inflammation
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Background: Increased high-sensitive C-reactive 
protein (hsCRP) levels are associated with incre-
ased cardiovascular risk. CRP increases following 
strenuous exercise. It is a concern that prolonged 
strenuous exercise may induce a deleterious 
inflammatory response. 
Purpose: 1) Assess the magnitude of CRP 
response following an endurance cycling 
competition in apparently healthy middle-aged 
leisure cyclists. 2) Identify determinants of this 
response. 3) Identify the relationship between 
hsCRP, myocardial damage (hsTnI) and myocar-
dial stretch (BNP). 4) Identify the relationship 
between hsCRP and clinical events.
Methods and Results: 97individuals (43±10years 
of age, 74[76%] males), were assessed prior to-, 
and 0, 3 and 24 hours following the race. There 
was a highly significant increase in hsCRP from 
baseline to 24 hours (1.46±1.6 mg/L vs. 13.4±9.9 
mg/L, p<0.001), with no correlation of hsCRP to 
TnI and BNP at any time-point. Baseline hsCRP 
and max hsCRP were correlated to race-time 
(r=0.49, p<0.01 and r=0.57, p<0.001, respec-
tively). In multivariate analysis, the degree of 
physical fitness measured by race-time, was the 
strongest predictor of hsCRP both at baseline 
and 24hours. There was no relationship between 
hsCRP levels and clinical events .
Conclusion: High physical fitness was associa-
ted with attenuation of both basal and exercise 
induced inflammation. No deleterious effects of 
exercise-induced inflammation were found.
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long-term adherence to secondary 
preventive drugs after acute myo-
cardial infarction 
Sigrun Halvorsen, MD, PhD1, Jarle Jortveit, 
MD2, Pål Hasvold, MScPharm3, Marcus 
Thuresson, PhD 4, Erik Øie, MD, PhD5. 1 
Department of Cardiology, Oslo University 
Hospital Ullevål, and University of Oslo, Oslo, 
Norway. 2 Department of Cardiology, Sørlan-
det Hospital, Arendal, Norway, 3 AstraZeneca 
NordicBaltic, Södertälje, Sweden, 4 Statisti-
con, Uppsala, Sweden, 5 Department of Inter-
nal Medicine, Diakonhjemmet Hospital, and 
Center for Heart Failure Research, University 
of Oslo, Oslo, Norway
Aims 
Secondary preventive drug therapy is recom-
mended after acute myocardial infarction (AMI) 
to reduce the risk of recurrent cardiovascular 
events. This nationwide cohort study examined 
initiation and long-term use of secondary preven-
tive drugs after AMI.
Methods and results 
Drug prescription data for 42,707 patients < 
85 years discharged alive from hospital after 
AMI (2009–2013) was retrieved by linking the 
Norwegian Patient Register, the Norwegian 
Prescription Database, and the Norwegian Cause 
of Death Registry. Patients were followed for up 
to 24 months. 
Results 
The majority of patients were discharged on 
single or dual antiplatelet therapy (91%), statins 
(90%), beta-blockers (82%), and angiotensin-
converting enzyme inhibitors (ACEI)/angiotensin 
receptor II blockers (ARB) (60%). Patients not 
undergoing percutaneous coronary intervention 
(PCI) (42%) were less likely to be prescribed 
secondary preventive drugs compared with 
patients undergoing PCI. This was particular the 
case for dual antiplatelet therapy (43% vs. 87%). 
The adherence to prescribed drugs was high: 12 
months after index AMI, 84% of patients were 
still on aspirin, 84% on statins, 77% on beta-
blockers and 57% on ACEI/ARB. Few drug and 
dose adjustments were made during follow-up.
Conclusion 
Guideline-recommended secondary preventive 
drugs were prescribed to most patients dischar-
ged from hospital after AMI, but the percentage 
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receiving such therapy was significantly lower in 
non-PCI patients. The long-time adherence was 
high, but few drug adjustments were performed 
during follow-up. More attention is needed to 
secondary preventive drug therapy in AMI pati-
ents not undergoing PCI.
Study sponsor: AstraZenec

18 års oppfølging etter radiofre-
kvensablasjon for AV-nodal reen-
trytakykardi (AVNRT)
Simon Kverneng; Preben Ogne; Jian Chen; Per 
Ivar Hoff; Eivind Solheim; Peter Schuster 
Bakgrunn
Radiofrekvens (RF) ablasjon er den foretrukne 
metoden for å behandle AV-nodal reentry-
takykardi (AVNRT). Det er fortsatt begrenset 
kunnskap om resultater ved langtidsoppfølging 
når det gjelder symptomer, potensielle proar-
ytmiske effekter og risiko for sent innsettende 

AV-blokk. Målet med denne studien var 
å undersøke effekten og sikkerheten ved 
RF-ablasjon for AVNRT 18 år etter initial 
behandling. 
Metoder
52 pasienter fra det lokale kvalitetsregisteret 
ble fulgt opp med spørreskjema og EKG 18 
år etter ablasjonsbehandling for AVNRT ved 
Haukeland Universitetssjukehus.
Resultater
41 pasienter (gjennomsnittsalder 46+/- 14 
år, 27 kvinner) inngikk i studien (7 pasienter 
var døde og 4 pasienter lot seg ikke kontakte) 
og EKG ble innhentet hos 34 pasienter. 40 
pasienter ble abladert i sakte ledningsvei, og 
én i rask ledningsvei. Ingen akutte komplikas-
joner ble registrert. Én pasient gjennomgikk 
en vellykket andre RF-ablasjon på grunn av 
tilbakefall av AVNRT. Den totale suksessraten 
var 95 %. 
Ved 18 års oppfølging var det ingen sig-
nifikant økning i PQ-tid (164 mot 173 ms, 
p=is), ingen tilfeller av 2. eller 3. grads 
AV-blokk eller permanent pacemaker. Den 
vanligste arytmien hos pasientene var atrief-
limmer (n=4). 
Konklusjon
RF-ablasjon for AVNRT viser klinisk suksess-
rate på 95 % uten negative effekter på AV-
knuteledning ved langtidsoppfølging på 18 år. 
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Background: Patients with Chronic Obstructive 
Pulmonary Disease (COPD) often have an 
abnormal electrocardiogram (ECG). Our aim was 
to identify and separate the effects upon ECG by 
airway obstruction, emphysema and right ven-
tricular (RV) afterload in patients with COPD. 
Methods and Results: A cross-sectional study 
was performed in 2006-10 on 101 patients with 
COPD without left heart disease, and 32 healthy 
age-matched controls. Body mass index (BMI) 
was measured, and pulmonary function tests, 
ECG, echocardiography, and in patients, right 
heart catheterization were performed. Vari-
ables were grouped into i) airway obstruction 
by FEV% predicted, ii) emphysema by residual 

Figure 1. Adherence to secondary preventive drugs over time 
in AMI patients. Panel a: ≤75 years, panel b: 75-85 years with 
and without PCI in Norway 2009-2013.
Abbreviations: ASA, acetylsalicylic acid; ACEI, angiotensin-
converting enzyme inhibitor; AMI, acute myocardial infarc-
tion; ARB, angiotensin II receptor blocker; PCI, percutane-
ous coronary intervention 
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volume/total lung capacity and residual volume 
in percent of predicted, and iii) RV afterload by 
mean pulmonary pressure, pulmonary artery 
compliance, pulmonary vascular resistance and 
RV wall thickness. In multivariate regression 
analysis emphysema correlated negatively to R + 
S amplitudes in horizontal and frontal leads, RV/
left ventricle (LV) end-diastolic volume ratio cor-
related negatively to horizontal amplitudes, and 
BMI negatively to frontal amplitudes. Increased 
airway obstruction, RV afterload and BMI cor-
related with clockwise rotation of the horizontal 
QRS axis. Airway obstruction, RV afterload, RV/
LV end-diastolic volume ratio and BMI correlated 
positively to the RV Sokolow-Lyon index, and RV 
afterload negatively to LV Sokolow-Lyon index. 
Conclusion: In COPD, increased airway obstruc-
tion and RV afterload mainly increase the Soko-
low-Lyon index for RV mass, and is associated 
with clockwise rotation of the horizontal QRS-
axis, whereas emphysema reduces the QRS-
amplitudes. BMI seems to be equally important 
for the majority of the ECG changes.

Probability mapping of cardiac 
MRI images identifies myocardial 
regions of pathophysiological inte-
rest following acute myocardial 
infarction
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Background
Myocardial tissue properties related to specific 
pathophysiological mechanisms are insufficiently 
identified by current imaging methods. Probabi-
lity mapping (PM) is a novel method applied on 
late gadolinium enhanced cardiac magnetic reso-
nance imaging (LGE-CMR), enabling recognition 
of damage patterns both within myocardial scars 
(replacement fibrosis) and remote myocardium 
(diffuse/interstitial fibrosis). This study explored 
whether PM of LGE-CMR in patients with acute 
myocardial infarction (MI) could identify myocar-
dial regions related to an important biomarker of 
myocardial stretch: NT-proBNP.
Methods
LGE-CMR was performed in 30 patients with 
acute STEMI, and NT-proBNP measured, at 2 
days and 1 week following successful primary 
PCI. The probability that a single pixel represen-
ted injured myocardium was computed for all 
pixels of the LGE-CMR images. Cardiac regions 
were defined as collections of pixels with proba-
bilities (Range 0-1) within a specified range of 
damage, as depicted by LU plots (Figure). 
Results

Median MI size (% of total left ventricular mass): 
25% (IQR 18-34%) at 2 days, and 21% (IQR 
15-28%) at 7 days (p<0.01). Median NT-proBNP: 
154 pmol/L (IQR 101-306) and 51 pmol/L (IQR 
34-101) at 2 and 7 days, respectively (p<0.01). 
Cardiac regions with a high, positive correlation 
with NT-proBNP had intermediate to high myo-
cardial damage patterns: 2 days: LU 0.45-0.78, 
r=0.37, p=0.05, 7 days: LU 0.48-0.78, r=0.48, 
p<0.01. 
Cardiac regions with a negative correlation with 
NT-proBNP had low damage patterns: LU 0.13-
0.43, r=-0.44, p=0.018, at 7 days: LU 0.08-0.4, 
r=-0.5, p<0.01.
Conclusion
PM of LGE-CMR images identified regions of 
myocardium related to NT-proBNP levels. This 
finding suggests that PM allows identification of 
myocardial regions with specific pathophysiolo-
gical properties.
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Figure. An example of an LU plot from a cardiac mag-
netic resonance image. Each dot represents a cardiac 
region defined by the lower and upper probability of 
myocardial damage at 7 days following acute myo-
cardial infarction defined by probability mapping. 
The colour bar on the right hand side indicates the 
corresponding p value for the correlation between 
each region and NT-proBNP, at 7 days.
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Background
Cardiac Resynchronisation Therapy (CRT) redu-
ces mortality and morbidity in patients with heart 
failure and electrical dyssynchrony and therefore 
receives strong recommendations in current 
guidelines. However, despite these recommenda-
tions, the increase in CRT implantation rate has 
been modest across Europe. Therefore, actions 
to increase awareness of the indications for CRT 
are needed. 
Purpose
Two ESC associations, EHRA and HFA, have 
designed CRT Survey II to describe clinical prac-
tice regarding implantation of CRT devices in ESC 
member countries. 
Methods
Patients enrolled are both those with new 
implantations of a CRT-P/CRT-D and those with 
upgrades. A patient related electronic case report 
form (eCRF) is completed at each enrolment. 
This eCRF includes patient demographics, 
aetiology of heart failure, ECG morphology and 
QRS duration, indication for CRT implantation, 
procedural details, complications, and discharge 
status. 
Results
CRT Survey II began collecting data on 1st Octo-
ber 2015 and is currently operating in 42 
countries with over 4700 patients included. The 

Survey will continue until 10 000 patients have 
been included. However, preliminary results will 
be available in May 2016 from data collected 
from October 2015 to April 2016. 
Conclusion
The data collected in CRT Survey II should help 
to identify the major obstacles to implementa-
tion of CRT therapy and thus create a basis for 
enhancement of therapy access. Ultimately, we 
hope that the results will serve to increase CRT 
implementation for appropriate heart failure 
patients in Europe.
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Background: In the EMPA-REG OUTCOME trial, 
the sodium glucose cotransporter 2 inhibitor 
empagliflozin (EMPA) in addition to standard of 
care reduced 3-point major adverse cardiovascu-
lar (CV) events and CV and overall mortality vs 
placebo (PBO) in patients with type 2 diabetes 
(T2DM) and high CV risk. We further examined 
causes of death in this trial.
Methods: Patients were randomized (1:1:1) to 
receive EMPA 10 mg, 25 mg, or PBO once daily. 
Deaths were prospectively adjudicated by two 
independent masked Clinical Events Committees. 
Mortality was analyzed in the pooled EMPA 
group versus PBO.
Results: 7020 patients (mean age 63.1 years, 
71.5% male, BMI 30.6 kg/m2, HbA1c 8.1%) 
were treated. The median observation time was 
3.1 years. EMPA reduced the risk of all-cause 
mortality by 32% vs PBO (HR 0.68 [95% CI 
0.57, 0.82]; p<0.001). Two-thirds of deaths 
were due to CV causes. EMPA reduced the risk 
of CV death by 38% vs PBO (HR 0.62 [95% CI 
0.49, 0.77]; p<0.001). All 6 categories of CV 
death occurred in lower or similar proportions 

Table. 

Placebo 
(N=2333)

EMPA 
(N=4687)

All-cause mortality 194 (8.3) 269 (5.7)
CV death* 137 (5.9) 172 (3.7)
Sudden death 38 (1.6) 53 (1.1)
Heart failure death 22 (0.9%) 14 (0.3%)
 Worsening of heart failure 19 (0.8) 11 (0.2)
 Cardiogenic shock 3 (0.1) 3 (0.1)
Acute myocardial infarction 11 (0.5) 15 (0.3)
Stroke 11 (0.5) 16 (0.3)
Ischemic 4 (0.2) 10 (0.2)
Hemorrhagic 6 (0.3) 5 (0.1)
Type not assessable 1 (<0.1) 1 (<0.1)
Other 55 (2.4) 74 (1.6)
Not assessable† 53 (2.3) 71 (1.5)
Non-CV death‡ 57 (2.4) 97 (2.1)
Neoplasms 19 (0.8) 50 (1.1)
Infections and infestations 17 (0.7) 20 (0.4)
Respiratory, thoracic and 
mediastinal disorders

5 (0.2) 9 (0.2)

Gastrointestinal disorders 6 (0.3) 2 (<0.1)
Other 15 (0.6) 24 (0.5)
 *Based on adjudication. †Insufficient data for the 
adjudication committee to categorize the cause of 
death. ‡System Organ Class based on MedDRA prefer-
red terms reported by the investigator.
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of patients on EMPA than PBO (Table). The 
most frequent category of CV death for which 
sufficient data were available for the adjudication 
committee to categorize cause of death was 
sudden death.
The risk of non-CV death was similar in EMPA 
and PBO groups (HR 0.84 [95% CI 0.60, 1.16]; 
p=0.285). 
Conclusion: EMPA in addition to standard of care 
reduced CV death in patients with T2DM at high 
CV risk. All categories of CV death contributed to 
the reduction. The reduction in CV death drove 
the reduction in all-cause mortality with EMPA.

Secretoneurin provides indepen-
dent prognostic information in 
patients with acute respiratory fai-
lure and is closely associated with 
cardiomyocyte Ca2+ handling
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Background: Secretoneurin (SN) seems to 
provide strong prognostic information in patients 
with acute myo-
cardial dysfunc-
tion. Whether 
SN can influence 
cardiomyocyte 
function and 
provide prognos-
tic information 
in patients with 
cardiovascular 
(CV)-related 
acute respiratory 
failure (ARF) is 
not known. 
Methods: We 
measured SN 
levels in two cli-

nical cohorts by an in-house radioimmunoassay 
and explored the influence of SN on cardiomyo-
cyte function in experimental models. 
Results: Admission SN levels were higher in 
non-survivors than in survivors both in patients 
with CV-related (n=209; median 148 [Q1-3 
117-203] vs. 108 [87-143] pmol/L, p<0.001) and 
non-CV-related ARF (n=281; 139 [115-184] vs. 
113 [91-139] pmol/L, p<0.001). In patients with 
CV-related ARF, SN levels on ICU admission 
were associated with 90 day mortality (Figure 
1A), including in multivariate Cox regression 
analysis that adjusted for clinical risk factors and 
NT-proBNP levels: HR (lnSN) 1.97 (95% CI 1.04-
3.73), p=0.04. SN also improved patient clas-
sification as assessed by the net reclassification 
index. The area under the curve (AUC) of SN to 
predict mortality in patients with CV-related ARF 
was 0.72 (95% CI 0.65-0.79) and the AUC of 
NT-proBNP was 0.64 (0.56-0.73). SN levels on 
ICU admission did not improve risk prediction in 
patients with non-CV-related ARF. In experimen-
tal models, we found SN to directly inhibit Ca2+/

calmodulin-dependent protein kinase II δ (CaMKIIδ) activity, 
including blocking isoproterenol-induced early 
and delayed afterdepolarizations (EADs/DADs). 
SN levels, but not other biomarkers, were higher 
in patients with catecholaminergic polymorp-
hic ventricular tachycardia (n=8) vs. age- and 
gender-matched controls (n=9).
Conclusion: SN provides strong prognostic infor-
mation in CV-related ARF and seems to be linked 
to cardiomyocyte Ca2+ handling. 
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