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Abstract P156: Elderly 
Laypersons Can Perform Ten 
Minutes of Cardiopulmonary 
Resuscitation on Manikins with 
Human-like Chest Properties
Andres Neset1; Tonje S. Birkenes2; 
Helge Myklebust2; Reidar J. Mykletun3; 
Silje Odegaard4; Jo Kramer-Johansen5. 
1 Univ Of Oslo, Oslo, Norway, 2 Laerd-
al Med, Stavanger, Norway, 3 Univ Of 
Stavanger, Stavanger, Norway, 4 Univ 
Of Oslo, Oslo, Norway, 5 Oslo Univ 
Hosp, Ulleval, Oslo, Norway. 
Introduction: Many cardiac arrest witnesses are 
elderly, who previous studies indicate have diffi-
culties performing CPR. We studied elderly layper-
sons randomized to perform ten minutes of either 
continuous chest compression CPR (CCC) or stan-
dard 30 compressions 2 ventilations CPR (30:2), 
and we studied if verbal and visual feedback could 
prevent fatigue. 

Materials and methods: Participants were recruited 
5–7 months after classes and randomized to per-
form either standard 30:2 or CCC with (FB) or 
without (nFB) feedback in a factorial design. CPR 
quality was recorded from a manikin with human-
like chest properties (Laerdal Medical, Stavanger, 
Norway). Correlation between age and compres-
sion depth and rate were analyzed using bivariate 
regression. Fatigue was assessed using repeated 
measures ANOVA. Compression depth (c.depth) 
and rate (c.rate) are reported as mean±SD, ventila-
tion variables as median with 25–75-percentiles. 

Results: Sixty-four persons aged 50 to 76 (me-
dian 63) were included. The groups were similar 
with regards to age, gender, height and weight. All 
were able to perform ten minutes of CPR. Overall 

c.depth and c.rate was 46±4 mm and 94±20, re-
spectively. C.depth or c.rate did not differ for CCC 
vs. 30:2 (mean difference (95 % confidence inter-
val) 2 (–1, 4) p=0.13 and 5 (–5, 15) p=0.35), and 
age had no effect (R=0.16, p=0.90 and R=0.13, 

p=0.31). Mean c.depth was within guideline limits 
for ten minutes with a slight decrease with time 
from 48 mm to 45 mm, mean change 3.7 (2.8, 
4.6), p<0.0005, steeper the first five than the last 

five minutes. Similar pattern was found with and 
without feedback. C.rate increased from 92±18 the 
first minute to 103±8 in the tenth minute (p=0.006) 
with feedback. C.rate did not change with time 
for nFB and mean was lower than with feedback, 
86±26 vs. 101±6, p=0.002. The FB group deliv-
ered 4 (4, 5) ventilations per minute, while the nFB 
group delivered 2 (0, 4), p=0.026. Six of 32 study 
subjects in the 30:2 group were unable to deliver 
any ventilations, all were in the nFB group. 

Conclusions: Laypersons aged 50 + can do 10 
minutes of CPR with satisfactory quality. Age does 
not influence chest compression depth or rate. 
Compression depth decreased (fatigue) most the 

first five minutes, but remained well within guide-
line recommendations. 

Abstract 1334: Living Alone 
Predicts Long-term Mortality in 
Older Women After Myocardial 
Infarction
Tone M Norekvål1; Bengt Fridlund2; 
Berit Rokne3; Tore Wentzel-Larsen4; 
Jan E Nordrehaug4. 1 Haukeland Univ 
Hosp, Bergen, Norway, 2 Jönköping 
Univ, Jönköping, Sweden, 3 Univ of 
Bergen, Bergen, Norway, 4 Haukeland 
Univ Hosp, Bergen, Norway.
Background: Research on long term survival after 
acute myocardial infarction (MI) in older women 
is scarce. Living with someone has shown a pro-
tective effect, but in cardiac populations reported 

mainly in men. The aim of this study was to de-
termine whether 10-year survival in older women 
after MI is related to living arrangements. 

Methods : We included all women aged 60 – 80 
years suffering an MI during 1992–1997, and treat-
ed at one university hospital in Norway. In 1998, 
145 (60% of those alive) completed a question-
naire package including socio-demographics, the 
Sense of Coherence Scale (SOC-29) and the World 
Health Organization Quality of Life Instrument 
Abbreviated (WHOQOL-BREF). Clinical informa-
tion was based on self-reports and hospital medi-
cal records data. Patients were followed-up for 
10 years (1998 –2008). End points were all-cause 
death, and adverse cardiac and cerebral events 
(MACCE); a composite of cardiac death, reinfarc-
tion and stroke. 
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Results: The all-cause mortality rate during 10 
years of follow-up of all patients was 41%. Mean 
age was 72 years, and 41% were living alone. The 
majority of those living with someone lived with a 
spouse or partner (85%), whereas 12% lived with 
their children. In univariate analysis, women liv-
ing alone had more than a twofold increased risk 
of all-cause death (HR 2.87, 95%CI 1.70 – 4.86, 
p<0.001) and MACCE (HR 2.12, 95%CI 1.22–
3.66, p=0.007). After adjusting for age, time since 
MI, conventional predictors like creatinine and 
left ventricular ejection fraction, and a number of 
patient reported outcomes, living alone proved 

to be a robust, independent predictor of all-cause 
death (HR 6.24, 95%CI 2.68 –14.51, p<0.001) and 
MACCE (HR 6.07, 95%CI 2.69 –13.69, p<0.001). 
There was no significant difference between 
women living alone and women living with some-
one as to self-reported health, quality of life, and 
sense of coherence. 

Conclusion : Living arrangements has prognos-
tic importance for long-term outcome, and need to 
be taken into account when planning aftercare of 
older female MI patients. 

Abstract 1964: A Genome-Wide 
Association Study in Icelanders 
Identifies a Novel Sequence 
Variant on Chromosome 
16q22 That is Additive to 4q25 
Variants for Atrial Fibrillation 
Risk
Jeffrey Gulcher1; Hilma Holm1; Dan 
Gudbjartsson1; Solveig Gretarsdottir1; 
David Arnar2; Gudmar Thorleifsson3; 
Bragi Walters3; Gudmundur Thorgeirs-
son4; Dan Roden5; Shannon Carter5; 
Gayle Kucera6; Tanya Stubbblefield7; 
Ellisiv Mathiesen8; Inger Njølstad8; 
Camilla Stoltenberg8; Maja-Lisa Lo-
chen8; Dawood Darbar9; Augustine 
Kong10; Unnur Thorsteinsdottir10; Kari 
Stefansson10. 1 deCODE Genetics, Rey-
kjavik, Iceland, 2 National Univ Hosp, 
Reykjavik, Iceland, 3 deCODE Genet-
ics, Reykjavik, Iceland, 4 National Univ 
Hosp, Reykjavik, Iceland, 5 Vanderbilt, 
Nashville, TN, 6 Vanderbilit, Nash-
ville, TN, 7 Vanderbilt, Nashville, TN, 
8 Tromso, Tromso, Norway, 9 Vander-
bilt, Nashville, TN, 10 deCODE Genetics, 
Reykjavik, Iceland.

Introduction. Atrial fibrillation (AF) is a common 
arrhythmia in humans and a major cause of mor-
bidity and mortality. We have previously reported 
a genome-wide study identifying sequence variants 
on chromosome 4q25 that confer risk of AF. We 
have now expanded our cohort for genome-wide 
association stud, in the attempt to discover ad-
ditional variants that associate with the common 
forms of AF. 

Methods. A sample set of 2,385 Icelandic patients 
with AF and/or atrial flutter (AFl) and 33,752 Ice-
landic population controls were genotyped with the 
Illumina HumanHap300 and HumanHapCNV370 

bead chips, yielding 304,226 SNPs that were 
tested individually for association. Of the top ten 
SNPs, seven represented the previously discovered 
signal on chromosome 4q25. The remaining three 
SNPs were genotyped in three replication cohorts 
of European descent, from Iceland (989 cases and 
2,027 controls), Norway (725 cases and 725 con-
trols) and the United States (735 cases and 729 
controls). 

Results. One SNP, rs7193343, on chromosome 
16q22, showed genome-wide significant associa-
tion with AF in the combined Icelandic sample set 
and this association was replicated in the non-Ice-
landic samples, with an odds ratio (OR) for AF of 
1.21 (95% CI: 1.14 –1.29) for all four sample sets 
combined. This variant does not associate with hy-
pertension, coronary artery disease, or obesity, all 
known risk factors for AF. The at-risk allele of this 
variant has a population frequency of 20% in con-
trols of European descent and was independent of 
the two independent variants near the PITX2 gene 
on 4q25. The data support the use of a multiplica-
tive model- all 3 variants combined define AF risk 
relative to the general population ranging from 0.6 
fold to 4 fold. 

Conclusions. A sequence variant on chromosome 
16q22 associates with common AF in populations 
of European descent and adds to the risk from the 
two variants previously discovered on 4q25. This 
is the third independent common sequence variant 
with association to AF that has been replicated in 
several populations and is further evidence of an 
important genetic contribution to the pathogenesis 
of this complex arrhythmia. 
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Thomas Smith Memorial Lecture: Sign-
aling Pathways and Heart Failure 

Abstract 3395: The Homeostatic 
Chemokine CXCL13 and 
Its Receptor CXCR5 Are 
Regulated in Heart Failure 
and Are Involved in Cardiac 
Remodelling
Anne Waehre1; Bente Halvorsen2; 
Arne Yndestad2; Cathrine Husberg3; 
Ivar Sjaastad3; Ståle Nygård3; Wil-
liam Louch3; Henrik M Reims4; Borghild 
Roald4; Christen Peder Dahl5; Alexan-
dra Vanessa Finsen6; Shakil Ahmed7; 
Havard Attramadal8; Denise Hilfiker-
Kleiner9; Martin Lipp10; Lars Gulles-
tad11; Pål Aukrust12; Geir Christensen13. 
1 Institute for Experimental Med Rsch 
and Cntr for Heart Failure Rsch, Oslo 
Univ Hosp Ullevaal, Oslo, Norway, 2 
Rsch Institute for Internal Medicine, 
Oslo Univ Hosp Rikshospitalet, Oslo, 
Norway, 3 Institute for Experimental 
Med Rsch and Cntr for Heart Failure 
Rsch, Oslo Univ Hosp Ullevaal, Oslo, 
Norway, 4 Dept of Pathology, Oslo 
Univ Hosp Ullevaal, Oslo, Norway, 5 
Rsch Institute for Internal Medicine, 
Oslo Univ Hosp Rikshospitalet, Oslo, 
Norway, 6 Dept of Cardiology, Oslo 
Univ Hosp Rikshospitalet, Oslo, Nor-
way, Oslo, Norway, 7 Institute for 
Surgical Rsch, Oslo Univ Hosp Rik-
shospitalet, Oslo, Norway, 8 Institute 
for Surgical Rsch and Cntr for Heart 
Failure Rsch, Oslo Univ Hosp Rikshos-
pitalet, Oslo, Norway, 9 Dept of Molec-
ular Cardiology, Hannover, Germany, 
10 Dept of molecular Tumor Genetics 
and Immunogenetics, Max-Delbrück-
Cntr for Molecular Medicine, Berlin, 
Germany, 11 Cntr for Heart Failure Rsch 
and Dept of Cardiology, Oslo Univ 
Hosp Rikshospitalet, Oslo, Norway, 
Oslo, Norway, 12 Rsch Institute for In-
ternal Medicine, Oslo Univ Hosp Rik-
shospitalet, Oslo, Norway, 13 Institute 
for Experimental Med Rsch and Cntr 
for Heart Failure Rsch, Oslo Univ Hosp 
Ullevaal, Oslo, Norway 
The chemokine CXCL13 and its receptor CXCR5 
are crucial for lymphocyte trafficking, also in non-

lymphatic tissue. Since inflammatory mechanisms 
have been suggested to play a role in the devel-
opment of heart failure (HF), we hypothesized 
that CXCL13/CXCR5 could be involved in this 
process. We found increased plasma levels of 
CXCL13 in HF patients corresponding to NYHA 

class (n=110), accompanied by enhanced mRNA 
levels of CXCR5 in circulating T cells (14%, 
p<0.01). In an experimental mouse model of HF 
secondary to pressure overload (aortic banding, 

AB), we found a threefold increase (p<0.01) in 
gene expression of CXCR5 in the hypertrophic 
left ventricle (LV) compared to sham-operated 
mice. To further examine the role of CXCL13 
and CXCR5 in myocardial remodelling and de-
velopment of HF, we exposed CXCR5 deficient 
(CXCR5 KO) and wild type (WT) mice to AB for 

3 weeks. Echocardiography demonstrated sub-
stantially increased LV inner diameter in CXCR5 
KO as compared to WT mice (5.00±0.24 mm vs. 
4.31±0.12 mm, p<0.05). Heart weight was simi-
lar in the two groups, but the thickness of the LV 
posterior wall (0.70±0.06 mm vs. 1.10±0.09 mm, 
p<0.05) and interventricular wall (0.77±0.06 vs. 
0.98±0.07 mm, p<0.05) was significantly reduced 
in CXCR5 KO compared to WT mice. The dilata-
tion of the LV in CXCR5 KO mice was accompa-
nied by a significant increase in gene expression of 
ANP, BNP and -MHC (p<0.05 for all), reflect-
ing enhanced wall stress and possibly acceler-
ated remodelling. Moreover, we found increased 

infiltration of CD45R+ cells in AB CXCR5 KO 
mice together with increased total MMP activity 
(24%, p<0.01) and decreased TIMP 3 levels (47%, 
p<0.01), suggesting enhanced matrix degradation 

in CXCR5 KO mice. Microarray analysis (Af-
fymetrix) revealed altered expression of a large 
number of genes encoding proteins found in the 
extracellular matrix. In conclusion, our data dem-
onstrate that the homeostatic chemokine CXCL13 
and its receptor CXCR5 are regulated in experi-
mental and human HF. Furthermore, we show that 
lack of CXCR5 leads to LV dilatation and wall 
thinning, possibly via altered infiltration of inflam-
matory cells and alterations in the composition of 
the extracellular matrix. 

Abstract 3735: Secretogranin 
II is Closely Regulated in the 
Murine Myocardium and 
Increased in the Circulation of 
Heart Failure Patients
Helge Røsjø1; Mats Stridsberg2; Cath-
rine Husberg3; Mai Britt Dahl4; Ivar 
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Sjaastad5; Erik Øie6; Torbjørn Om-
land7; Geir Christensen8. 1 Akershus 
Univ Hosp, Lorenskog, Norway, 2 Univ 
Hosp, Uppsala, Sweden, 3Institute for 
Experimental Med Rsch, Oslo Univ 
Hosp Ullevål, Oslo, Norway, 4 Aker-
shus Univ Hosp, Lorenskog, Norway, 
5 Institute for Experimental Med Rsch, 
Oslo Univ Hosp Ullevål, Oslo, Norway, 
6 Rsch Institute for Internal Medicine, 
Oslo Univ Hosp Rikshospitalet, Oslo, 
Norway, 7 Faculty Div Akershus Univ 
Hosp, Univ of Oslo, Oslo, Norway, 8 
Institute for Experimental Med Rsch, 
Oslo Univ Hosp Ullevål, Oslo, Norway 
Background: Secretogranin II (SgII) and chromo-
granin (Cg) A and B are members of the granin 
protein family. While CgA and B recently have 
been found associated with heart failure (HF) 

development, the regulation of SgII has not been 
investigated. 

Aim: To examine SgII levels in the myocardium 
and circulation during HF development, and inves-
tigate the potential for SgII as a HF biomarker. 

Methods: SgII production in the myocardium was 
evaluated in a post-MI HF mouse model with ani-
mals characterized by echocardiography before 
being sacrificed one week post-MI. Gene expres-
sion was measured with qRT-PCR, localization of 
SgII production examined by immunohistochemis-
try, and protein levels measured by RIA. In 80 HF 
patients recruited mainly from an outpatient HF 
clinic, circulating SgII levels were measured and 
compared to 20 age- and gender-matched healthy 
control subjects. 

Results: Compared to sham-operated animals, SgII 
mRNA levels were 11.5 fold upregulated in the 
left ventricle (LV) (p<0.001). This was a greater 
relative increase than observed for LV BNP gene 
expression (5.8 fold increase). LV SgII protein lev-
els were increased during HF development by 35 
and 85% in the non-infarcted and infarcted region, 
respectively. Production of SgII in the myocardium 
was confined to the cardiomyocytes. SgII protein 

levels were unaltered in other tissues investigated 
(pulmonary, renal, spleen, GI-tract, and skel-
etal muscle). Patients with HF of mainly moder-
ate severity had clearly increased circulating SgII 
levels compared to control subjects (0.17±0.01 
vs. 0.12±0.01 nmol/L, p<0.001), and SgII levels 
were superior to CgA, an established HF biomark-
er, for diagnosing HF (ROC-AUC 0.84 vs. 0.61, 
p=0.001). 

Conclusion: SgII is produced by cardiomyocytes 
during HF development and increased in the LV. 
Circulating SgII levels are also closely regulated 
and increased in HF patients, indicating that SgII 

may represent a novel cardiac biomarker. 

Abstract 429: Prediction of 
Ventricular Arrhythmias by 
Mechanical Dispersion in 
Patients After Myocardial 
Infarction
Kristina H Haugaa1; Marit Kristine 
Smedsrud1; Torkel Steen2; Erik Kongs-
gaard3; Jan Pål Loennechen4; Terje 
Skjaerpe5; Jens-Uwe Voigt6; Rik Wil-
lems6; Gunnar Smith7; Otto A Smiseth8; 
Jan P Amlie8; Thor Edvardsen8. 1 Rik-
shospitalet Univ Hosp and Univ of 
Oslo, Oslo, Norway, 2 Ullevaal Univ 
Hosp, Oslo, Norway, 3 Rikshospitalet 
Univ Hosp, Oslo, Norway, 4 St Olavs 
Univ Hosp and Univ of Science and 
Technology, Trondheim, Norway, 5 St 
Olavs Univ Hosp, Trondheim, Norway, 
6 Univ Hosp Gasthuisberg, Catholic 
Univ, Leuven, Belgium, 7 Ullevaal Univ 
Hosp, Oslo, Norway, 8 Rikshospitalet 
Univ Hosp and Univ of Oslo, Oslo, 
Norway 
Background Left ventricular ejection fraction (EF) 
is insufficient in selecting patients for ICD therapy 
after MI. Electrical dispersion in infarcted myocar-
dium facilitates malignant arrhythmia. Myocardial 

strain by echocardiography can quantify detailed 
regional and global myocardial function. We hy-
pothesized that electrical abnormalities in patients 
after MI will lead to LV mechanical dispersion 
which can be measured as regional heterogeneity 
of contraction by myocardial strain. 

Methods We included 104 patients post MI, 45 
meeting primary and 59 meeting secondary ICD 
prevention criteria. Strain measurements were as-
sessed by echocardiography. Contraction duration 
was measured as the time from ECG Q to maxi-
mum LV shortening by strain. Standard deviation 
(SD) of contraction duration in a 16 LV segment 
model was calculated as a parameter of mechani-
cal dispersion. 

Results After 3.4±2.6 years follow up, 53 had no 
and 51 patients had one or more recorded arrhyth-
mias requiring appropriate ICD therapy. Mechani-
cal dispersion was more pronounced in patients 

with recurrent arrhythmias during follow up com-
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pared to those without (90±31ms vs. 57±14ms, 
p<0.001). By Cox regression analysis, mechanical 
dispersion >90ms was a strong and independent 
predictor of arrhythmias (HR 3.7, 95%CI 2.1– 6.6, 
p<0.001). Kaplan Meier analysis showed more 

arrhythmic events in patients with mechanical 
dispersion>90ms (Log rank p<0.001) (Figure). EF 
did not discriminate those with follow up arrhyth-
mias from those without (36±10% vs. 35±11%, p 
= 0.59. 

Conclusions Mechanical dispersion predicted ven-
tricular arrhythmias in post MI patients indepen-
dently of EF. 

Abstract 1655: Diuretic Doses 
and Mortality in 3632 Patients 
With Stable Chronic Heart 
Failure
Morten Grundtvig1; Lars Gullestad2; 
Dan Atar3; Berit Fløn s4; Torstein Hole5; 
Arne S Westheim6. 1 Innlandet Hosp 
Trust, Div Lillehammer, Lillehammer, 
Norway, 2 Oslo Univ Hosp Rikshospi-
talet, Oslo, Norway,3 Oslo Univ Hosp 
Aker, Oslo, Norway, 4 Asker and B
rum Hosp Health Authority, Asker, 

Norway, 5 Sunnmøre Hosp Trust, 
Ålesund Hosp, Ålesund and Norwe-
gian Univ of Science and Technology 
(NTNU), Ålesund, Norway, 6 Oslo Univ 
Hosp Ullevål, Oslo, Norway 
Background: Diuretics are widely used in patients 
with congestive heart failure (HF). However, their 
effect on mortality has not been evaluated in large 
clinical trials. 

Aim: To determine the dose-dependent relations 
between diuretic (D) doses and mortality in outpa-
tients with chronic HF included in the nationwide 
Norwegian Heart Failure Registry. 

Methods: The HF outpatient clinics are run by 
specially trained nurses in close cooperation with 
cardiologists. They constitute a network linked 
through a web-based HF database establ. in 1998. 
The daily dose of D was expressed in frusemide 
equivalents (bumetanid 1mg = frusemide 40 mg). 
An additional 10 mg was added if the patients also 
used a thiazide. The patients were divided into 
quartiles of equivalence of total daily dose of D. 
Data on mortality were obtained from the National 
Statistics Bureau. 

Results: A total of 3632 patients, 70% males, 
mean age 71±12 yrs and mean ejection fraction of 
33±12% were included. Betablockers were pre-
scribed to 83%, angiontensin-converting enzyme 
inhibitors or angiotensin receptor blockers to 87% 
and spironolactone to 33% of the patients. The 
mean daily dose equivalence of D was 58± X mg. 
In multivariate analysis examining a host of vari-
ables, the dose equivalence of D showed the stron-
gest correlation to mortality (hazard ratio 1.83; 
95% confidence interval 1.48 to 2.27, p<0.001), 
i.e., a decrease in survival was observed with in-
creasing diuretic dose (Fig). 

Conclusion: In patients with chronic HF, we ob-
served a strong dose-dependent association be-
tween use of diuretics and mortality. Thus, the 
highest dosage of diuretics seems to be marker of 

HF patients at particularly high risk for reduced 
survival. 

Survival in patients heart failure related to the daily 
dose frusemide equivalents – grouped according to 25 
percentiles 

Abstract 3782: Does Regional 
Electromechanical Delay in 
the Left Ventricle Contribute 
to Dyssynchrony During Left 
Bundle Branch Block?
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Ola Gjesdal2; Anders Opdahl3; Helge 
Skulstad3; Erik Kongsgård4; Thor Ed-
vardsen5; Otto A Smiseth5. 1 Institut for 
Surgial Rsch, Rikshospitalet Univ Hosp, 
Oslo, Norway, 2 Oslo Univ Hosp, Rik-
shospitalet, Oslo, Norway, 3 Institut for 
Surgial Rsch, Rikshospitalet Univ Hosp, 
Oslo, Norway, 4 Oslo Univ Hosp, Rik-
shospitalet, Oslo, Norway, 5 Institut for 
Surgial Rsch, Rikshospitalet Univ Hosp, 
Oslo, Norway 
Background: Previous studies have suggested that 
the latest activated segments during left bundle 
branch block (LBBB) display prolonged electro-
mechanical delay (EMD). In the present study we 
investigated EMD by two different methods in the 
septum and lateral LV wall during baseline, LBBB 
and biventricular pacing (BVP). 

Methods: In 5 anesthetized dogs with LV micro-
manometers we measured intramyocardial elec-
tromyograms (IM-EMG) and myocardial segment 

lengths by sonomicrometry. As reference method 
for onset of mechanical activation we used onset 
of regional active force generation (AFG), de-
fined as the time when the myocardial pressure-
segment length coordinate deviated upward from 
its passive-elastic curve (Fig. 1). In addition we 
measured onset of mechanical activation as first 
onset of shortening (FOS). EMD was calculated as 
time from regional electrical activation (onset R in 
IM-EMG) to onset AFG and FOS during baseline, 
LBBB and BVP. 

Results: Electrical activation delay of the lateral 
wall relative to septum was 3±5 ms (±SEM) at 
baseline, 53±4 ms during LBBB, and –5±2 ms dur-
ing BVP. EMD measured by AFG was essentially 
constant in both walls during all interventions 

(13±1ms Fig. 2). EMD assessed by FOS showed 
an increase in the lateral wall from baseline (17±2 
ms) to LBBB (43±8 ms, p<0.05) but was near nor-
malized by BVP (25±24 ms). 

Conclusions: Electromechanical delay assessed by 
onset AFG was constant during all interventions 
and did therefore not contribute to dyssynchro-
ny. The large changes between interventions in 

electromechanical delay assessed by first onset of 
shortening in the lateral wall suggest that this is an 
inaccurate measure of mechanical activation. 

Abstract 3783: Non-uniform 
Left Ventricular Work Load 
in Left Bundle Branch Block 
-Improved, but Not Equalized 
With Biventricular Pacing
Kristoffer Russell1; Ola Gjesdal2; Espen 
W Remme3; Anders Opdahl3; Helge 
Skulstad3; Erik Kongsgård4; Thor Ed-
vardsen5; Otto A Smiseth5. 1 Institut for 
Surgial Rsch, Rikshosptalet Univ Hosp, 
Oslo, Norway, 2 Oslo Univ Hosp, Rik-
shospitalet, Oslo, Norway, 3 Institut for 
Surgial Rsch, Rikshosptalet Univ Hosp, 
Oslo, Norway, 4 Oslo Univ Hosp, Rik-
shospitalet, Oslo, Norway, 5 Institut for 
Surgial Rsch, Rikshosptalet Univ Hosp, 
Oslo, Norway 
Background: For bi-ventricular pacing (BVP) to 
be most efficient and cause reverse remodeling in 
patients with left bundle branch block (LBBB), 
there should be electrical resynchronization as well 
as equalization of work distribution within the left 
ventricle. In the present study we investigate re-
gional work distribution during LBBB and how it 
was modified by BVP. 

Fig. 1

Fig. 2
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Methods: In 5 anesthetized dogs with micro-
manometers we measured dimension changes with 
sonomicrometry. Regional electrical activation was 
defined as onset R in intramyocardial electromyo-
grams (IM-EMG). Segmental work was calculat-
ed as area of the pressure-segments length loops. 
Measurements were performed during baseline, 
LBBB by RF ablation and BVP. 

Results: During LBBB segmental work was mark-
edly reduced in the early-activated antero-septal 
(net passive) and posteroseptal walls (Fig 1). In 
the late-activated postero-lateral wall, however, 

segmental work was increased relative to baseline. 
BVP during LBBB reduced the heterogeneous tim-
ing of electrical activation of the LV free wall from 
37±22 to 17±15ms (mean±SD). Segmental work 
became more evenly distributed, but there was still 
substantial non-uniformity, with a 27% increase 
of segmental work in the postero-lateral wall and a 
36 % reduction in the anteroseptal wall relative to 
baseline (Fig 1). 

Conclusion: BVP leads to a greater degree of LV 
electrical and mechanical synchrony in LBBB. 
However, segmental work during BVP still shows 
an uneven distribution. 

Abstract 662: Outcome of 
Asymptomatic Patients With 
Low Gradient “Severe” Aortic 
Valve Stenosis and Preserved 
Ejection Fraction - Results From 
the Prospective SEAS Study
Nikolaus Jander1; Jan Minners1; Ingar 
Holme2; Eva Gerdts3; Kurt Boman4; 
Philippe Brudi5; J Chambers6; K 
Egstrup7; A Kesaniemi8; William Mahl-
becq9; C Nienaber10; S Ray11; A Rosse-
bo12; T Pedersen13; T Skjaerpe14; R 
Willenheimer15; K Wachtell16; Christa 
Gohlke-Baerwolf17. 1 Herz-Zentrum, 
Bad Krozingen, Germany, 2 Univ of 
Oslo, Oslo, Norway, 3 Univ of Bergen, 
Bergen, Norway, 4 Umea Univ, Skel-
leftea, Sweden, 5 Merck, Whitehouse 
Station, NJ, 6 Cardiothoracic Cntr, Lon-
don, United Kingdom, 7 Svendborg 

Hosp, Svendborg, Denmark, 8 Univ of 
Oulu, Oulu, Finland, 9 MSD, Brussels, 
Belgium, 10 Univ of Rostock, Rostock, 
Germany, 11 Univ Hosps of South Man-
chester, Manchester, United Kingdom, 
12 Oslo Univerity Hosp, Oslo, Nor-
way, 13 Oslo Univ, Oslo, Norway, 14 St. 
Olav’s Hosp, Trondheim, Norway, 15 
Malmö Univ, Malmö, Sweden, 16 Heart 
Cntr Copenhagen, Copenhagen, Den-
mark, 17 Herz-Zentrum, Bad Krozin-
gen, Germany 
Background: Low gradient “severe” aortic valve 
stenosis (LGSAS) is observed in up to 30% of 
patients with normal left ventricular ejection frac-
tion (EF) with a constellation of severe stenosis 

based on aortic valve area (AVA) <1.0 cm2 and 
non-severe stenosis based on mean pressure gradi-
ent (MPG) 40mmHg. The natural history is not 
known. We evaluated the outcome of patients with 
LGSAS in the prospective SEAS (Simvastatin and 
Ezetimibe in Aortic Stenosis) study. 

Methods: 1525 asymptomatic patients (mean age 
67.3±9.6 years, 39 % women) with mild to moder-
ate aortic stenosis (AS), (peak velocity 2.5 and 
4.0 m/s, prospectively followed for a mean of 51.8 
months) and normal EF were analysed. Outcome 

was determined by the occurrence of major cardiac 
events (MACE), which include death from cardio-
vascular causes, aortic valve replacement, nonfatal 
myocardial infarction, hospitalisation for unstable 
angina pectoris, heart failure, coronary artery by-
pass grafting, percutaneous coronary intervention 
and nonhemorrhagic stroke. Furthermore aortic 
valve related events (AVE) including aortic valve 
replacement, heart failure due to progression of 

AS, and cardiovascular death were compared be-
tween patients with LGSAS, moderate AS (AVA 
1–1.5cm2 and MPG 25– 40mmHg) and patients 
with consistently graded severe AS (AVA <1.0cm2 
and MPG > 40mmHg). 

Results: At baseline 435 of the 1525 patients 
(29%) had LGSAS, 184 (12%) had moderate AS 
and 35 (2%) had consistently graded severe AS. 
The remaining patients had mild AS. During fol-
low up MACE occurred in 50.9% (CI 40 –57%) 
of patients with LGSAS and 48.4% (CI 42–59%) 
of patients with moderate AS (p=0.58). Similarly, 
there was no significant difference in AVE or car-
diovascular death between the two groups (48.5% 

(CI 36 –53%) vs. 44.6% (CI 40 –57%), p=0.37 and 

7.8% (CI 1–9%) vs. 4.9% (CI 4 –12%), p=0.19, 
respectively). In contrast, patients with consistent-
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ly graded severe AS suffered a MACE in 74.3 % 
(p<0.01). 

Conclusion: Asymptomatic patients with low 
gradient “severe” AS and normal left ventricular 
ejection fraction appear to have a relatively good 
outcome similar to patients with moderate AS and 
significantly better than those with consistently 
graded severe AS. 

Abstract 4529: Partial 
Thrombosis of the False Lumen 
is Not a Predictor of Follow-up 
Mortality in Patients With Acute 
Type A Aortic Dissection
Truls Myrmel1; Thomas T Tsai2; Eric M 
Isselbacher3; Kim A Eagle4; James B 
Froehlich4; Daniel G Montgomery4; 
Jeanna V Cooper4; Thoralf Sundt, III5; 
Reed E Pyeritz6; Stuart Hutchison7; 
Kristian Bartnes8; Marek Ehrlich9; 
Stefanos Demertzis10; Arturo Evan-
gelista11; Christoph A Nienaber12, On 
behalf of the IRAD Investigators. 1 
Univ Hosp North Norway, Tromsø, 
Norway, 2 Univ of Colorado Denver, 
Denver, CO, 3 Massachusetts General 
Hosp, Boston, MA, 4 Univ of Michigan, 
Ann Arbor, MI, 5 Mayo Clinic, Roches-
ter, MN, 6 Univ of Pennsylvania Sch 
of Medicine, Philadelphia, PA, 7 Univ 
of Calgary, Calgary, Canada, 8 Univ 
Hosp North Norway, Tromsø, Norway, 
9 Univ of Vienna, Vienna, Austria, 10 
Cardiocentro Ticino, Lugano, Switzer-
land, 11 Hosp General Universitari Vall 
d’Hebron, Barcelona, Spain, 12 Univ 
Hosp Rostock, Rostock, Germany 
Background: Prophylactic interventions in patients 
with chronic aortic dissections are based on serial 
control images of the aortic wall. Previous assess-
ments in patients with type B dissections have 
indicated that a partially thrombosed false lumen 
is an independent predictor of intermediate and/
or long term mortality. In the present study, we as-
sessed the hypothesis that a partially thrombosed 
false lumen also is a predictor of increased mortal-
ity in patients with acute type A dissections. 

Methods: The International Registry of Acute Aor-
tic Dissection (IRAD) is a large database contain-
ing patients from 24 hospitals world-wide. Patients 
with acute type A aortic dissection with registered 
follow-up data (n=379) were divided into three 
groups according to the status of the dissected 

aortic wall (patent flow in the false lumen, n=281 
(74.1%), complete thrombosis of the false lumen, 
n=32 (8.4%), partial thrombosis of the false lumen, 
n=66 (17.4%). In these three groups follow-up 
mortality was compared using Kaplan-Meier sur-
vival analysis and log rank tests. 

Results: The mean follow-up for these patients 
was 1064 days (+/– 662). We did not observe any 
difference in survival according to the status of 
the false lumen in the aortic wall (log rank test 
p=0.86 in patients with patent false lumen, p=0.28 

in thrombosed and p=0.59 in partially thrombosed 
false lumen). 

Conclusion: Status of the false lumen does not 
seem to influence mortality in patients with type A 
dissection admitted to an IRAD center follow-up 
program. Risk factors for death in the follow up 
period after aortic dissection need further charac-
terization and analysis of their prognostic value. 

Abstract 668: 2D Longitudinal 
Myocardial Strain: A More 
Sensitive Parameter of Left 
Ventricular Dysfunction in 
Aortic Valve Stenosis?
Dana Cramariuc1; Eva Gerdts1; Einar 
Skulstad Davidsen2; Leidulf Segadal3; 
Knut Matre4. 1 Haukeland Univ Hosp 
and Univ of Bergen, Bergen, Norway, 
2 Haukeland Univ Hosp, Bergen, Nor-
way, 3 Haukeland Univ Hosp and Univ 
of Bergen, Bergen, Norway, 4 Univ of 
Bergen, Bergen, Norway 
Background: In aortic stenosis (AS), ejection frac-
tion (EF) might be preserved despite reduced left 
ventricular (LV) function. Stress-corrected midwall 
shortening (scMWS) has been suggested to be a 
better marker of early LV dysfunction and a pre-
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dictor of symptom onset. Less is now about myo-
cardial deformation assessed as 2D strain in AS. 

Methods: Conventional and 2D speckle tracking 
echocardiography was performed in 70 patients 
(40 asymptomatic) with AS (mean age 73±10 
years, 54% women). LV function was assessed as 
peak systolic longitudinal strain (LS), biplane EF 
and scMWS. Severity of AS was assessed from the 
energy loss index. LS measurements were also av-
eraged to obtain a global LV strain value. 

Results: Severe AS was present in 30 patients 
(43%) (mean energy loss index 0.44 cm2/m2), 22 
symptomatic. LS was lower in the basal septum 
(–11±6 vs. –8±6%), and in the lateral wall (–16±5 
vs. –14±6%) in patients with severe vs. mild/mod-
erate AS, and lower in the lateral wall in symptom-
atic vs. asymptomatic patients (–16±5 vs. –13±6%) 
(all p<0.05). Symptomatic patients had lower aver-
age LS (–16±4 vs. –14±4%, p<0.05). In univariate 
analysis, average LS was significantly correlated 
with scMWS (r=–0.43, p<0.001). In multivari-
ate regression analysis, lower average LS was as-
sociated with lower scMWS, EF and energy loss 
index, and with male gender (all p<0.05) (R2=0.72) 
(Table). 

Conclusions: In patients with AS, lower regional 
and average LS is associated with more severe AS 
and presence of symptoms. Average LS is indepen-
dently associated with EF, and even stronger with 
scMWS, supporting its use as a marker of global 
LV dysfunction. 

Table. Predictors of lower average LS 

Abstract 2961: CCN2/CTGF 
- Connective Tissue Growth 
Factor - Reduces ß-Adrenergic 
Receptor Responsiveness 
and Catecholamine-Induced 
Cardiotoxicity by Upregulation 
of Cardiac Myocyte G Protein-
Coupled Receptor Kinase-5
Jørgen A Gravning1; Mohammed S 
Ahmed1; Eirik Qvigstad2; Julia F Saga-
ve2; Kurt A Krobert2; Thor Edvardsen3; 
Guro Valen4; Tor Skomedal4; Jan-Bjørn 
Osnes4; Havard Attramadal4. 1 Oslo 

Univ Hosp, Rikshopitalet, Oslo, Nor-
way, 2 Univ of Oslo, Oslo, Norway, 3 
Oslo Univ Hosp, Rikshopitalet, Oslo, 
Norway 
4 Univ of Oslo, Oslo, Norway 
Background: Myocardial CTGF is dramatically 
induced in CHF, a condition associated with dimi-
nution of β-adrenergic receptor (βAR) respon-
siveness. Accordingly, we aimed to investigate if 
CTGF is mechanistically involved in desensitiza-
tion of βARs in this condition. 

Methods and results: Transgenic mice with cardi-
ac-restricted overexpression of CTGF (Tg-CTGF) 
were generated and compared with nontransgenic 
control mice (NLC). Stimulation of ventricular 

muscle strips with increasing concentrations of 
βAR agonist isoproterenol (ISO) revealed sub-
stantial attenuation of maximal inotropic response 
of muscle fibers from Tg-CTGF vs. NLC mice 

(increase of force [(dF/dt)max] 123±14% vs. 
427±27%, p<0.01). Concentration-effect curves of 
ISO-stimulated cAMP generation in adult cardiac 
myocytes from Tg-CTGF hearts revealed reduced 
efficacy of ISO compared with cardiac myocytes 
from NLC hearts. Indeed, similar reduction of ef-
ficacy of ISO was observed in ventricular muscle 
strips of Tg-CTGF hearts. Furthermore, no dif-
ferences in maximal contractile responses upon 
stimulation with cAMP analogue dibutyryl-cAMP 
were detected; excluding affection of downstream 
signalling pathways or contractile proteins. Analy-
sis of [125I]-iodocyanopindolol binding did not 
disclose alterations in βAR densities on cardiac 
myocytes from Tg-CTGF versus NLC mice. Real 
time qPCR analysis revealed a three fold upregula-
tion of cardiac myocyte G-protein receptor kinase 
5 (GRK5) in Tg-CTGF hearts, while levels of other 
cardiac GRKs (2, 3 and 6) were unaltered among 
the groups. ISO-stimulated cardiac myocytes from 
Tg-CTGF mice also displayed enhanced ERK-
phosphorylation (Thr202/Tyr204), indicating ac-
tivation of GRK5 dependent β-arrestin-mediated 

cytoprotective pathways. Chronic exposure to ISO 
for 14 days delivered through mini-osmotic pumps, 
revealed attenuated myocardial hypertrophy in Tg-
CTGF versus NLC mice, and preserved cardiac 

function as evaluated by echocardiography. 

Conclusion: CTGF desensitizes βAR signaling in 
the heart through induction of myocardial GRK5. 
Desensitization of βAR on cardiac myocytes may 
contribute to cytoprotection and maintenance of 
cardiac function. CTGF might be an important me-
diator of reduced βAR responsiveness in CHF. 
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Abstract 3536: Circulating 
Markers of Collagen Turnover 
Following ST-Segment Elevation 
Myocardial Infarction and 
Primary Percutaneous Coronary 
Intervention Predict Infarct Size 
and Left Ventricular Volumes, 
Estimated by Serial Cardiac 
Magnetic Resonance Imaging 
for up to 1 Year
Cord Manhenke1; Stein Ørn1; Thor 
Ueland2; Pål Aukrust2; Kenneth Dick-
stein3. 1 Stavanger Univ Hosp, Univ 
of Bergen, Stavanger and Bergen, 
Norway, 2 Rsch Institute of Internal 
Medicine, Rikshospitalet, Univ of Oslo, 
Oslo, Norway, 3 Stavanger Univ Hosp; 
Univ of Bergen, Stavanger and Ber-
gen, Norway 
We investigated the time profile and predictive 
value of circulating markers of collagen turnover 
(CTO) for infarct size (IS), ejection fraction (EF) 
and left ventricular (LV) volumes, determined by 
serial cardiac magnetic resonance imaging (cMRI) 
in patients undergoing primary percutaneous coro-
nary angioplasty for ST-elevation myocardial in-
farction (STEMI). 

Methods: Forty-two patients with first time 
STEMI, 1-vessel disease, and successful revascu-
larization of the proximal occluded infarct related 
artery were included. Serum samples were ob-
tained at admission, 2 days, 7 days, 2 months and 
1 year post-STEMI. We analyzed CTO-markers of 
collagen synthesis: N-terminal procollagen type I 
(PINP), N-terminal procollagen type III (PIIINP), 
and collagen degradation: C-terminal telopeptide 
of type I collagen (ICTP); established markers of 
outcome: Troponin-T (TnT), C-reactive protein 
(CRP), and N-terminal pro brain natriuretic pep-
tide (NT-proBNP). Late enhancement and cine 
cMRI was performed on day 2, day 7, 2 months 
and 1 year post-STEMI. 

Results: Median time from symptom debut to 
admission was 145 minutes (range: 25–720). 
CTO-marker analyses from admission samples 
were available in 35 patients. Significant time-
dependent changes occured for all 3 CTO-markers 
and the PINP/ICTP ratio (p<0.001 for trend for 
all markers). In multivariable analysis including 
markers of CTO, TnT, CRP and NT-proBNP at 
admission, PINP was the only independent predic-

tor of IS, EF and LV volumes at all imaging time-
points (R2 ranging from 0.17 for LV end systolic 
volume index at 2 months [p<0.05], to 0.36 for EF 

at 1 year [p<0.001]). For serum samples drawn 
at 2 days, a model containing PINP/ICTP ratio, 
CRP, TnT and NT-proBNP was highly predictive 
for LV volumes, infarct size and EF at all imaging 
time-points, explaining up to 80 % of the variance 
of cMRI findings (R2=0.80 for IS at 2 months, 
p<0.0001). 

Conclusions: Following STEMI, PINP appears to 
be a very early predictor of infarct size and LV-vol-
umes, while the combination of PINP/ICTP ratio, 
CRP, NT-proBNP and TnT at 2 days post-STEMI 

is highly predictive for cMRI findings for up to 1 
year. Our findings support the potential role of cir-
culating markers of CTO as surrogates for subse-
quent extracellular cardiac matrix remodeling. 

Abstract 3888: Exercise-induced Increase in Car-
diac Efficiency: The Impact of Intensity
Anne D Hafstad1; Neoma Boardman1; Jim Lund1; 
Martin Hagve1; Ulrik Wisløff2; Terje S Larsen3; 
Ellen Aasum3. 1 Univ of Tromsoe, Tromsoe, Nor-
way, 2 Norwegian Univ. of Science and Technol-
ogy, Trondheim, Norway, 3 Univ of Tromsoe, 
Tromsoe, Norway 
There is growing evidence that exercise has ben-
eficial effects in patients with cardiovascular 
disease. Although the importance of the intensity, 
duration and modality of the exercise training is 
debated, recent studies have indicated more ben-
eficial cardiovascular effects of high- as compared 
to low- and moderate-intensity levels. The signifi-
cance of exercise intensity with respect to myocar-
dial substrate metabolism, oxygen consumption 
(MVO2)

 and cardiac efficiency is, however, not 
known. Thus, the aim of the study was to compare 
cardiometabolic effects of high-intensity interval 
training (HIT) vs. moderate-intensity continu-
ous training (MIT). Male C57BL/6J mice were 
subjected to high-intensity (85–95% of VO2max) in-
terval treadmill running or moderate-intensity (50 
–70% of VO2max) continuous running for 10 wks (5 
days/wk), as described by Kemi et al. (J Applied 
Physiol, 2002), both groups covering the same run-
ning distance. Age-matched sedate mice served as 
controls. Myocardial substrate utilization (radio-
isotope technique), cardiac efficiency (regression 
analysis of cardiac work -MVO2 relationships) and 
the oxygen cost for basal metabolism and E-C cou-
pling were measured in isolated perfused hearts. 

HIT increased max running speed by 60%, which 
was accompanied with an 18% increase in aerobic 
capacity (VO2max). The corresponding numbers for 
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MIT were 30% and 10%. Both modes of exer-
cise were associated with a 10% increase in heart 
weight to body weight ratio, but altered cardiac 
substrate utilization was observed only in the HIT 
group, as revealed by a 36% increase in glucose 

oxidation and a concomitant reduction in fatty 
acid oxidation. In addition, only HIT significantly 
increased cardiac efficiency, due to a decrease in 
the oxygen cost for basal metabolism. In conclu-
sion, high, but not moderate intensity training was 
associated with a shift in myocardial substrate uti-
lization in favour of glucose oxidation, combined 
with increased cardiac efficiency. Improvement 
of cardiac metabolism and efficiency may in part 

explain the superiority of high-intensity exercise 
training with regard to cardioprotection in patients 
with cardiovascular disease, an issue that should be 
followed up with further investigations. 

Abstract 2690: Myocardial 
Contraction Duration is Longest 
in the Interventricular Septum 
in Patients With Long QT 
Syndrome With Arrhythmic 
Events
Kristina H Haugaa1; Jan P Amlie1; 
Trond P Leren2; Otto A Smiseth3; Thor 
Edvardsen3. 1 Rikshospitalet Univ Hosp 
and Univ of Oslo, Oslo, Norway, 2 Rik-
shospitalet Univ Hosp, Oslo, Norway, 
3 Rikshospitalet Univ Hosp and Univ of 
Oslo, Oslo, Norway 
Background Long QT syndrome (LQTS) is due 
to inherited cardiac ion channel defects leading to 
prolonged action potential duration (APD). Pur-
kinje cells have longer APD than cardiac myocytes 

and are predominantly located in the interven-
tricular septum. Prolonged APD in LQTS may 
cause prolonged cardiac contraction which can be 
assessed by strain echocardiography. We hypoth-
esized that myocardial contraction is inhomoge-
neously prolonged throughout the LV in LQTS 
patients. 

Methods We included 88 genotyped LQT1 and 
LQT2 mutation carriers and 35 healthy individuals. 
A history of cardiac arrest or syncope was present 
in 42 mutations carriers and 46 were asymptom-
atic. Myocardial contraction duration was assessed 
by strain echocardiography as time from ECG Q to 
peak strain in 6 LV segments. Location of longest 
contraction duration was recorded. 

Results Contraction duration in septum was longer 
in symptomatic compared to both asymptomatic 

LQTS mutation carriers and healthy individu-
als (475±65 vs. 435±65 vs. 385±50ms, p<0.001, 
respectively). Longest contraction duration was 

located in septum in 61% of the symptomatic mu-
tation carriers compared to 31% of asymptomatic 
and 29% of healthy (p<0.001). In asymptomatic 
mutation carriers and healthy, longest contraction 

duration was evenly distributed throughout the LV 
(Fig). 

Conclusions Contraction duration in healthy indi-
viduals and asymptomatic LQTS mutation carriers 
was uniformly disseminated in LV. Contraction 
duration in symptomatic LQTS mutation carriers, 

however, was longer and more frequently located 
in septum. This might reflect that ion channel dys-
function in septal cells play a role in arrhythmo-
genesis in LQTS patients. 

Abstract 2944: Activation of 
Heat Shock Proteins and Shifts 
in Cytoskeleton Composition in 
a Cardiac-specific SERCA2 KO 
Mouse
Cathrine Husberg1; Giulio Agnetti1; 
Staale Nygaard2; Kristin Breivik An-
dersson3; Geir Christensen4; Jennifer 
Van Eyk5. 1 Johns Hopkins Univ, Balti-
more, MD, 2 Oslo Univ Hosp Ullevaal, 
OSLO, Norway, 3 Oslo Univ Hosp Ul-
levaal,, OSLO, Norway, 4 Oslo Univ 
Hosp Ullevaal, OSLO, Norway, 5 Johns 
Hopkins Univ, Baltimore, MD 
Background: Depressed contractility is a key 
feature of the failing heart and has been linked to 
reduced Ca2+ availability due to decreased activ-
ity of the sarcoplasmic reticulum Ca2+ ATPase 2 
(SERCA2). Yet, surprisingly, a conditional, car-
diac specific SERCA 2 knock out (KO) mouse, has 
sustained cardiac contractility for several weeks 
despite dramatically altered cytosolic Ca2+ han-
dling and SR function. The molecular mechanism 

behind this intriguing contractile compensation is 
not clear. 

Aim: To examine the protein alterations in the cy-
tosolic sub-proteome and identify the biological 
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processes altered in the KO myocardium that can 
compensate for the loss of SERCA2 in the heart. 

Methods and results: SERCA2 KO and age 
matched control mice analyzed 9 days after in-
duced gene excision showed no differences in 
cardiac function (left atrial diameter, echocardiog-
raphy), even though the quantity of SERCA2 pro-
tein was reduced to 30±5% in the left ventricles in 
KO vs. control mice (western blot). The cytosolic-
enriched protein extracts from KO and control 

hearts (n=6) was analyzed by two dimensional gel 
electrophoresis (pH 4–7 and 6–11) and 33 cytosol-
ic proteins were identified as being altered (Redfin, 
Ludesi). The majority of the proteins were identi-
fied (tandem mass spectrometry, MS2) and ana-
lyzed further using seeded Bayesian networks. The 
main changes occurred to the cytoskeleton compo-
sition with alterations in vinculin, actin, gelsolin 
and coffilin-2. These were accompanied by regu-
lation of a subset of heat shock proteins (HSPs), 
HSPB1, alpha-B-crystallin and HSPA5. Further 
analysis of the HSPs (Immobilized metal affinity 
chromatography and MS2) showed an increased 
level of the phosphorylated (activated) forms. 
Finally, these results were compared to effects in 
acute thapsigargin-treated neonatal cardiomyocytes 
to examine whether the observed proteomic chang-
es in SERCA2 KO hearts occur in vivo as a direct 
consequence of altered Ca2+ homeostasis. 

Conclusions and perspectives: Altered Ca2+ ho-
meostasis induces activation of HSPs and shifts in 
cytoskel-eton protein composition. This indicates 
that Ca2+ changes can induce phenotypical effects 

beyond the contractile apparatus, also involving 
the architecture of the cardiomyocytes. 

Abstract 2954: CCN2/CTGF, 
Connective Tissue Growth 
Factor, Prevents Heart Failure 
and Improves Survival After 
Myocardial Infarction
Jørgen A Gravning1; Havard Attra-
madal2; Vladimir N Martinov3; Mo-
hammed S AHMED3. 1 Oslo Univ Hosp, 
Rikshospitalet, Oslo, Norway, 2 Univ of 
Oslo, Oslo, Norway, 3 Oslo Univ Hosp, 
Rikshospitalet, Oslo, Norway 
Background: Myocardial CCN2/CTGF is robustly 
induced in heart failure (HF). Yet, its role in the 
pathophysiologic mechanisms of HF remains un-
resolved. 

Methods and Results: To elucidate the role of 
myocardial CTGF in HF, transgenic mice with 

cardiac-restricted overexpression of CTGF (Tg-
CTGF) were employed and compared with non-
transgenic controls (NLC). Myocardial infarction 
was induced by ligation of the LAD in Tg-CTGF 
(n=22) and NLC mice (n=21). Sham-operated 

animals underwent the same procedure without 
ligation of the artery. Area at risk was estimated in 
a separate group of animals sacrificed immediately 
after ligation of the left coronary artery and perfu-
sion with Evans blue dye. Area at risk was similar 

among Tg-CTGF and NLC mice (42.7±1.6%, n=8 
versus 40.4±2.1%, n=8, p=0.39). During follow-
up, significant increase of survival was found in 
Tg-CTGF mice (63.6% versus 38.1%, p<0.05). In 

vivo pressure-volume analysis performed after 4 
weeks displayed preserved cardiac performance 
in Tg-CTGF vs. NLC mice. End-point analysis 
revealed attenuation of cardiac hypertrophy in Tg-
CTGF vs. NLC mice (Heart weight/body weight 
ratio; 5.3±0.2mg/g, n=14 versus 8.0±0.9mg/g, 
n=9, p<0.05). Consistently, markers of myocardial 
remodeling, i.e. BNP and β-myosin heavy chain 
mRNA levels were significantly less upregulated 

in Tg-CTGF hearts than NLC hearts. Consistently, 
markers of myocardial remodeling, i.e. BNP and 
β-myosin heavy chain mRNA levels, were sig-
nificantly lower in Tg-CTGF than in NLC hearts. 
Interestingly, induction of myocardial collagen 
contents four weeks after myocardial infarction, 
determined by quantitative HPLC of myocardial 
hydroxyproline, was lower in Tg-CTGF than in 
NLC mice. Selective upregulation of GRK5 in 
cardiac myocytes of Tg-CTGF hearts were found 
and confirmed as mediator of β-adrenergic recep-
tor desensitization. Tg-CTGF hearts also displayed 
increased phosphorylation of AKT(Ser473) and 
GSK-3β (Ser9). 

Conclusion: This study uncovers novel, unex-
pected cardioprotective properties of CTGF in 
ischemic HF. Myocardial CTGF prevents develop-
ment of HF and improves survival after myocardi-
al infarction, possibly due to activation of salvage 
kinase pathways and inhibition of sympathetic 
β-adrenergic stimulation of the heart. 

Abstract 4964: Tnf-a 
Antagonists Improve Arterial 
Stiffness in Patients With 
Inflammatory Arthropathies: 
Results From a One Year 
Controlled Study
Kristin Angel1; Sella Provan2; Tore K 
Kvien2; Dan Atar3. 1 Oslo Univ Hosp 
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Aker, Oslo, Norway, 2 Diakonhjemmet 
Hosp, Oslo, Norway, 3 Oslo Univ Hosp 
Aker, Oslo, Norway 
Introduction: The chronic inflammatory state of 
rheumatoid arthritis (RA), ankylosing spondylitis 
(AS) and psoriatic arthritis (PsA) contributes to the 
accelerated atherosclerosis associated with these 
diseases. 

Hypothesis: We assessed the hypothesis that one 
year treatment with TNF-  antagonists would im-
prove arterial stiffness in patients with RA, AS and 
PsA. 

Methods: A total of 52 patients with RA, AS or 
PsA and clinical indication for anti-TNF-  therapy 
were included. 36 patients started with anti-TNF-  
therapy and were compared with a non-treatment 

group of 16 patients. Aortic pulse wave velocity 
(aPWV) and augmentation index (AIx) were mea-
sured at baseline and after one year (Sphygmocor). 
Each visit also included blood samples and assess-
ment of disease activity. 

Results: Values are given as mean± SD. Age of 
the patients in the treatment/control group was 
46.2±12.2/49.0±14.1 years (p=0.21), 42.9/50.0 
% (p=0.63) were females and disease duration 
was 11.0±9.6/11.6±10.1 years (p=0.56). Patients 
who started anti-TNF-  therapy had a signifi-
cant decrease in aPWV (–0.53±0.13 m/s) whereas 
the patients in the control group had no change 
(+0.08±0.10 m/s, p=0.001 for between groups 
changes). Between groups differences for AIx were 
not observed (change 0.1±6.1 % and 0.2±5.7 %, 
p=0.95). There was no change in blood pressures, 
lipid levels or kidney function in any of the groups. 
A significant reduction in CRP and DAS28 (RA 
patients) was observed in the treatment group, but 
we did not find any significant bivariate correla-
tions between the changes in aPWV and CRP (
=0.11, p=0.55) or between changes in aPWV and 
DAS28 in the RA group ( = –0.21, p=0.44). 

Conclusion: The present study shows for the first 
time in a comparative design that long term anti-
TNF-  therapy improves aPWV in patients with 
RA, AS and PsA. This finding supports the idea 
that atherosclerosis is partly driven by inflamma-
tion, and that this process is amenable to pharma-
cologic intervention. 

Abstract 1651: Is Obstructive 
Sleep Apnea Associated With 
Endothelial Dysfunction? The 
Akershus Sleep Apnea Project
Anna Randby1; Silje K Namtvedt1; 
Virend K Somers2; Torbjørn Omland3. 1 
Akershus Univ Hosp, Lorenskog, Nor-
way, 2 Mayo Clinic, Rochester, MN, 3 
Akershus Univ Hosp, Lorenskog, Nor-
way 
Introduction: Severe obstructive sleep apnea 
(OSA) has been associated with increased risk 
of cardiovascular events. Whether OSA of mild 
to moderate severity in subjects drawn from the 

general population is associated with endothelial 
dysfunction, a precursor of atherosclerosis, is un-
known. 

Hypothesis: We wanted to assess the hypothesis 
that there is an association between endothelial 
dysfunction, as measured by peripheral arterial to-
nometry, and the apnea-hyponea index (AHI) in a 
large population-based sample of subjects. 

Methods: From a Norwegian, population-based 
cohort of 30 000 subjects aged 30 – 65 years we 
invited 518 subjects to attended, in-hospital poly-
somnography. Oversampling of subjects classified 
as being at high risk of OSA was performed. Endo-
thelial function studies were performed the follow-
ing morning on 484 subjects (mean age 48 years, 
57 % male). Endothelial function was assessed by 
measuring the digital pulse wave amplitude reac-
tive hyperemic response, expressed as the reactive 
hyperemia index (RHI), using the EndoPAT 2000 
(Itamar Medical, Caesarea, Israel). 

Results: Out of the 484 subjects, 349 subjects were 
classified as being at high risk of OSA, whereas 
135 subjects were classified as low risk. Subjects 
were categorized according to AHI cutoffs that 
correspond to mild, moderate and severe degrees 
of OSA. The RHI was significantly lower in sub-
jects with AHI >30 than those with AHI<5 (Table). 
In a multivariable linear regression model, adjust-
ing for conventional cardiovascular risk factors, 
the association between AHI and RHI was attenu-
ated and no longer significant. 

Conclusions: Severe, but not mild to mod-
erate OSA, is associated with an impaired 
digital pulse wave amplitude reactive hy-
peremic response in a population-based 
cohort. However, this association can be 
explained by a clustering of traditional 

Baseline value and change in key variables 
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cardiovascular risk factors in subjects with severe 
OSA. 

Abstract 5862: Development 
of Systolic Dysfunction 
Not Related to Myocardial 
Infarction in Treated 
Hypertensive Patients With Left 
Ventricular Hypertrophy: The 
LIFE Echo Substudy
Marcello Chinali1; Gerard P Aurigem-
ma1; Peter M Okin2; Eva Gerdts3; Kris-
tian Wachtell4; Sverre E Kjeldsen5; 
Stevo Julius6; Björn Dahlöf7; Giovanni 
de Simone8; Richard B Devereux9. 1 
Univ of Massachusetts Med Sch, 
Worcester, MA, 2 Weill-Cornell 
Med College, New York, NY, 3 
Haukeland Univ Hosp, Bergen, 
Norway, 4 Rigshospitalet, Copen-
hagen, Denmark, 5 Univ of Oslo, 
Oslo, Norway, 6 Univ of Michi-
gan, Ann Arbor, MI, 7 Sahlgren-
ska Univ Med Sch, Gothenburg, 
Sweden, 8 Federico II Univ Hosp, 
Naples, Italy, 9 Weill-Cornell Med 
College, New York, NY 
Background: While it is commonly thought that 
left ventricular (LV) systolic function deteriorates 
insidiously in hypertensive patients (burnt-out 
hypertensive heart), few prospective data are avail-
able to support this notion. Accordingly, the aim of 

this study was to identify echocardiographic pre-
dictors of reduced EF in a population of hyperten-
sive patients. 

Methods: We evaluated 703 hypertensive patients 
(66±7 years; 45% women) enrolled in the LIFE 
echo-substudy. Only patients free of prevalent car-
diovascular disease and with baseline ejection frac-
tion (EF)<55% were included. Echocardiographic 
exams were performed annually for 5 years dur-
ing anti-hypertensive treatment. Development of 
reduced systolic function was defined as incident 
EF<50%. 

Results: During a mean follow up of 5±1 years, 37 
patients developed reduced EF without an intercur-
rent myocardial infarction. Patients who devel-

oped reduced EF were more often men (p<0.05). 

In analysis of covariance, patients who developed 
reduced EF had greater baseline LV diameter 
and LV mass, lower mean EF (all p<0.05), and 
similar diastolic function indices as compared 

to patients who did not develop reduced EF. 
As shown in the Table, at last available exam 
before EF reduction, patients with reduced EF 

showed a significant increase in left atrial size, LV 
diameter, end-systolic stress and mitral E/A ratio, 

as compared to those who did not develop reduced 
EF (all p<0.05). In time-varying Cox regression 
analysis, also controlling for baseline EF, predic-
tors of developing reduced EF were higher in-
treatment LV diameter (HR=5.2; 95%CI:2.6 –10.4; 
p<0.001) and higher in-treatment mitral E/A ratio 
(HR=2.4; 95%CI:1.6 –3.6; p<0.001). 

Conclusions: In treated hypertensive patients, in-
cident reduced EF is associated with the develop-
ment of dilated LV chamber and signs of increased 
LV filling pressure. Higher in-treatment LV diam-
eter and mitral E/A ratio are the strongest echocar-
diographic predictors of reduced EF. 

Abstract P43: A Hemodynamic 
Study of Hybrid Mechanical 
Chest Compression Patterns, 
Discriminating the Effect of 
Accelerated Compression from 
Accelerated Decompression in a 
Porcine Model of Cardiac Arrest
Oystein Tomte1; Ivar Sjåstad1; Lars 
Wik1; Artem Kuzovlev2; Morten Erik-
sen3; Per A Norseng3; Kjetil Sunde3. 1 
Oslo Univ Hosp, Oslo, Norway, 2 Rsch 
Institute of General Reanimatology, 
Moscow, Russian Federation, 3 Oslo 
Univ Hosp, Oslo, Norway 
Introduction: Effective chest compressions to re-
establish sufficient cerebral and coronary perfu-
sion are crucial during cardiac arrest. Piston based 
mechanical chest compression devices deliver 
accelerated compressions and decompressions, 

Table: Endothelial function assessed by peripheral arterial 

tonometry in categories of AHI

Echocardiographic Findings on Last Available Exam Before 
Reduced  EF Documented 
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resulting in superior hemodynamics compared to 
manual compression in animal studies. We have, 
in a porcine model of cardiac arrest, compared the 
hemodynamic effects of two different hybrid com-
pression patterns with a standard pattern used in 
modern mechanical chest compression devices. 

Methods: In 12 anesthetized domestic pigs in ven-
tricular fibrillation, we monitored coronary perfu-
sion pressures (CPP), cerebral cortical blood flow 
(CCBF), and cardiac function using transesopha-
geal echocardiography (TEE). Three chest com-
pression curves with similar rate and depth were 
tested in randomized crossover experiments using 
a custom build servo controlled mechanical chest 
compression device. Two hybrid compression 
curves, one with accelerated trapezoid compression 
and sinusoidal decompression (TrS), and one with 
sinusoidal compression and accelerated trapezoid 
decompression (STr), were tested against a stan-
dard accelerated trapezoid compression/decom-
pression pattern (TrTr). Statistical comparisons 

were done with paired t tests and data presented as 
difference in means with 95% CI. 

Results: We found 7% (1, 14, p=0.046) lower 
CCBF and a 3 mmHg (1, 5, p=0.017) reduction 
in CPP with the TrS method compared to TrTr, 
whereas there were only non-significant reduc-
tion in CCBF, 6% (–3, 15, p=0.176), with the 
STr method compared to TrTr, and no difference 
in CPP, 0 mmHg (–2, 3, p=0.703). TEE imaging 
revealed that direct cardiac compression was the 

major mechanism generating forward blood flow 
in our experimental model. 

Conclusion: Both cardiac and cerebral perfu-
sion benefited from rapid decompression, while 
rapid compression in itself caused no significant 
improvement in hemodynamics. The evolution of 

mechanical CPR is dependent on further exploring 
the physiology behind forward blood flow during 
external chest compressions. 

Best Original Resuscitation Science, 
Moderated Poster Session

Abstract P81: Transthoracic 
Impedance During Real 
Cardiac Arrest Defibrillation 
Attempts: Are Stacked-Shocks 
Appropriate?
Dana E Niles1; Robert M Sutton1; Sara 
Brunner2; Mette Stavland3; Peter Me-
aeny4; Akira Nishisaki4; Kristy Ar-
bogast4; Matthew Maltese4; Aaron 
Donoghue4; Sujatha Devale4; Robert 

A Berg4; Vinay Nadkarni4. 1 Childrens 
Hosp Philadelphia, Philadelphia, PA, 
2 Laerdal Med, Stavanger, Norway, 3 
Lerdal Med, Stavanger, Norway, 4 Chil-
drens Hosp Philadelphia, Philadelphia, 
PA 
Introduction: In 2005, AHA changed recom-
mendations to treat ventricular fibrillation from 3 
transthoracic stacked-shocks to 1 shock followed 
by immediate chest compressions. Prior stacked-
shocks were recommended based on low first-
shock efficacy of monophasic waveforms and 
theoretical decrease in TransThoracic Impedance 

(TTI) following each shock. Recent data shows 
poor first-shock efficacy of biphasic defibrillation 
in children. Our objective was to characterize TTI 
following failed biphasic defibrillation attempts 
in children during real cardiac arrest, and assess 

whether a stacked-shock approach is appropriate. 

Hypothesis: Transthoracic impedance (TTI) is 
lower immediately post-shock compared to pre-
shock in children 8 years during real cardiac ar-
rest. However, the duration of decreased TTI is too 
short to expect stacked shocks to improve defibril-
lation success. 

Methods: TTI was collected via standard Anterior-
Apical defibrillator electrode pads during con-
secutive in-hospital cardiac arrest defibrillation 
attempts in children 8yrs. TTI (Ohms) was mea-
sured continuously, and specifically documented 
at 0.5 second intervals pre and post-shock. TTI 
variables analyzed with descriptive summaries/
paired t-test. 

Results: Analysis yielded 13 evaluable shock 
events during 5 cardiac arrests (mean age 14.3±5 
yrs, weight 47.4±7.3 kg,) between September 
2006-May 2009. Compared to pre- shock values 
(56.6±23.5 Ohms), TTI was significantly lower 

immediately post-shock at 0.1sec post (55.2±22.2 
Ohms, p<0.01), 0.5 sec post (55.4±22.3 Ohms, 
p<0.01), and 1 sec post (54.3±22.9 vs. p<0.02). No 
difference was demonstrated by 2 sec post-shock 
(54.7±23.3 vs. 55.5±24.2 Ohms, p<0.07). 

Conclusions: TTI was significantly lower for <2 
seconds immediately post-shock, compared to pre-
shock, in children during real cardiac arrest. How-
ever, TTI reduction quickly dissipates (<2 sec), 

suggesting limited feasibility and low likelihood 
that stacked-shocks would improve defibrillation 
success. 
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Abstract 5419: Hypokalemia 
Blunts Left Ventricular Mass 
Regression in Hypertensive 
Patients During Losartan- or 
Atenolol-Based Treatment: The 
LIFE Echo-substudy
Marcello Chinali1; Gerard P Aurigem-
ma1; Peter M Okin2; Eva Gerdts3; Kris-
tian Wachtell4; Sverre E Kjeldsen5; 
Stevo Julius6; Björn Dahlöf7; Giovanni 
de Simone8; Richard B Devereux9. 1 
Univeristy of Massachusetts Med Sch, 
Worcester, MA, 2 Weill-Cornell Med 
College, New York, NY, 3 Haukeland 
Univ Hosp, Bergen, Norway, 4 Rig-
shospitalet, Copenhagen, Denmark, 5 
Univ of Oslo, Oslo, Norway, 6 Univ of 
Michigan, Ann Arbor, MI, 7 Sahlgren-
ska Univ Hosp/Östra, Gothenburg, 
Sweden, 8 Federico II Univ Hosp, Na-
ples, Italy, 9 Weill-Cornell Med College, 
New York, NY 
Background: It has been reported that hypokale-
mia (HypoK) is associated with persistent ECG left 
ventricular (LV) hypertrophy in treated hyperten-
sive patients. The aim of the present study was to 
assess the impact of HypoK on echocardiographic 
LV mass regression during aggressive antihyper-
tensive treatment. 

Methods: We analyzed data from 863 patients in 
the LIFE echo substudy (age 66±7 years, 41% 
women) with available serum K+ levels. Patients 
were dichotomized according to presence of 
HypoK (i.e. <3.90mmol/L, lowest quartile). LV 
mass regression after one year of treatment was 
compared among groups. 

Results: Patients with HypoK had similar mean 
age and gender distribution to patients with nor-
mal K+ (all p=ns), but higher systolic and diastolic 
blood pressure (BP) and heart rate (all p<0.05). 
After one year, similar reduction among groups in 

both systolic and diastolic BP (p=ns) was found. In 
multivariate analysis controlling for differences in 
age, gender, baseline LV mass, hydroclorothiazide 
use before or during the study, baseline BP, and BP 
change, patients with HypoK had a significantly 

lower regression of LV mass as compared to the 
normal K+group (p<0.001). Furthermore, while in 
patients randomized to Losartan (n=434) reduction 
in LV mass was not significantly different in the 
absence or presence of HypoK (p=ns), in the Aten-

olol group HypoK was associated with a nearly 
60% lower LV mass reduction (Figure; p<0.001). 

Conclusions: Despite similar blood pressure reduc-
tion with treatment, patients with HypoK have a 
lower LV mass regression. While Losartan is able 
to offset the negative impact of HypoK, its pres-
ence markedly affects LV mass reduction on Aten-
olol-based therapy. 

Abstract 5533: Gender 
Differences in Outcome During 
Antihypertensive Therapy 
in Relation to Regression 
of Electrocardiographic Left 
Ventricular Hypertrophy: The 
LIFE Study
Peter M Okin1; Eva Gerdts2; Darcy A 
Hille3; Sverre E Kjeldsen4; Jonathan M 
Edelman5; Björn Dahlöf6; Richard B De-
vereux7. 1 Weill Cornell Med College, 
New York, NY, 2 Univ of Bergen and 
Haukeland Univ Hosp, Bergen, Nor-
way, 3 Merck Rsch Labs, West Point, 
PA, 4 Univ of Oslo, Ullevål Hosp, Oslo, 
Norway, 5 Merck & Co., Inc., White-
house Station, NJ, 6 Sahlgrenska Univ 
Hosp/Östra, Göteborg, Sweden, 7 
Weill Cornell Med College, New York, 
NY 
Background: Men and women have well-es-
tablished differences in the magnitude of ECG 
amplitudes and durations and women have less 
regression of ECG left ventricular hypertrophy 
(LVH) in response to blood pressure lowering, 
even after adjusting for gender differences in base-
line severity of LVH, treatment effects and blood 
pressure changes. However, whether women ex-

Figure. Left ventricular mass reduction after one 
year of anti-hypertensive treatment according to 
serum K+ levels and treatment arm. 
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perience less prognostic benefit from their lesser 
regression of ECG LVH has not been examined. 

Methods and Results: Cardiovascular (CV) out-
comes were examined in relation to regression 
of Sokolow-Lyon voltage (SLV) in 4963 women 
and 4230 men randomly assigned to losartan- or 
atenolol-based treatment. ECGs were performed 
at baseline, 6 months and then yearly until study 
end. Regression of LVH was dichotomized using 

sex-specific median decreases in SLV 3.0 mm in 
women and 4.5 mm in men. Women had signifi-
cantly lower 5-year event rates for CV death (3.8 
vs 6.2%, p<0.0001), MI (3.3 vs 6.0%, p<0.0001), 

stroke (5.5 vs 7.3%, p=0.003) and the LIFE study 
composite endpoint of these three events (9.8 vs 
15.6%, p<0.0001). In Cox regression analyses 
performed separately in women and men, women 
and men had similar reductions in risk of all events 
associated with regression of SLV defined by de-
creases in SLV exceeding the sex-specific median 
entered as time-varying covariates (Table). The 
absence of gender differences in predictive value 
of regression of SLV LVH was confirmed by the 
absence of any significant interaction term be-
tween gender and change in SLV, with analyses 

performed treating SLV as either a sex-specific 
median decrease or as a continuous variable with 
no adjustment for gender. 

Conclusions: Despite lesser regression of ECG 
LVH than men, women have lower event rates 
than men and appear to derive the same degree of 
risk reduction as men from greater regression of 
SLV, independent of treatment effects, in-treatment 
blood pressure and the impact of possible gender 
differences in other risk factors on outcomes. 

Abstract 1449: Racial 
Differences in Incident 
Heart Failure Among 
Hypertensive Patients During 
Antihypertensive Therapy: The 
LIFE Study
Peter M Okin1; Sverre E Kjeldsen2; 
Jonathan M Edelman3; Björn Dahlöf4; 
Richard B Devereux5. 1 Weill Cornell 
Med College, New York, NY, 2 Univ of 
Oslo, Ullevål Hosp, Oslo, Norway, 3 
Merck & Co., Inc., Whitehouse Station, 
NJ, 4 Sahlgrenska Univ Hosp/Östra, 
Göteborg, Sweden, 5 Weill Cornell Med 
College, New York, NY 
Background: Blacks have a higher prevalence of 
heart failure (HF) than non-blacks, possibly re-
flecting a greater burden of HF risk factors, includ-
ing hypertension. Although recent data have shown 
that incident HF is significantly higher in blacks 

during 20 year follow-up of young adults and in 
elderly population cohorts, the relationship of in-
cident HF to race among hypertensive patients un-
dergoing aggressive blood pressure lowering has 
not been examined. 

Methods and Results: Incident HF was examined 
in 497 black and 8199 non-black hypertensive pa-
tients with no history of HF who were randomly 
assigned to losartan- or atenolol-based treatment. 

Compared with non-blacks, blacks were younger, 
more obese, more likely to smoke and have dia-
betes, have a history of ischemic heart disease and 
stroke, had higher baseline serum creatinine and 

albuminuria and a higher baseline preva-
lence of the ECG strain pattern. During 
4.7±1.1 years mean follow-up, HF hospi-
talization occurred in 265 patients (3.0%); 
5-year HF incidence was significantly 
greater in black than non-black patients 
(7.0 vs 3.1%, p<0.001). In univariate Cox 
analyses, black race was associated with a 
132% increased risk of new HF (HR 2.32, 
95% CI 1.58 –3.42). In Cox multivariate 
analyses adjusting for randomized treat-

ment, incident MI, in-treatment heart rate, dia-
stolic and systolic pressure, Cornell product and 
Sokolow-Lyon voltage criteria for left ventricular 
hypertrophy (LVH), age, sex, body mass index, 
prevalent and history of atrial fibrillation and dia-
betes, history of MI, ischemic heart disease, stroke, 
peripheral vascular disease, smoking status, base-
line serum total and HDL cholesterol, creatinine, 

Outcomes in Relation to Sex-Specific Median Regression of 
Sokolow -Lyon Voltage LVH
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glucose, urine albumin/creatinine ratio and for the 
presence of the strain pattern on the baseline ECG, 
black race remained associated with an 85% in-
creased risk of developing new HF (HR 1.85, 95% 

CI 1.01–3.38). 

Conclusions: Incident HF is substantially more 
common among black than white hypertensive 
patients. The increased risk of developing new HF 
in black patients persists after adjusting for the 
higher prevalence of HF risk factors in blacks, for 

treatment effects and in-treatment blood pressure 
and for the known predictive value of in-treatment 
ECG LVH for incident HF in this population.

Abstract 3477: Prognostic Value 
and Serial Changes of Plasma 
Adiponectin Concentration in 
Patients With Chronic Heart 
Failure. Data From the GISSI-HF 
Trial
Serge Masson1; Torbjørn Omland2; 
Roberto Latini3; Allan Flyvbjerg4; Val-
entina Milani5; Jan Frystyk6; Angiolina 
Pasini7; Patrizio Sarto8; Tarcisio Vago9; 
Aldo P Maggioni10; Gianni Tognoni11; 
Luigi Tavazzi12, on behalf of the GISSI-
HF Investigators. 1 Istituto Mario Negri, 
Milan, Italy, 2 Univ of Oslo, Oslo, Nor-
way, 3 Istituto Mario Negri, Milan, 
Italy, 4 Aarhus Univ Hosp, Aarhus, 
Denmark, 5 Istituto Mario Negri, Milan, 
Italy, 6 Aarhus Univ Hosp, Aarhus, 
Denmark, 7 Ospedale Civile San Biag-
gio, Bovolone, Italy, 8 Ospedale Civile, 
Mirano, Italy, 9 Ospedale Luigi Sacco, 
Milan, Italy, 10 ANMCO Rsch Cntr, Flor-
ence, Italy, 11 Consorzio Mario Negri 
Sud, S. Maria Imbaro, Italy, 12 GVM 
Hosps of Care and Rsch, Cotignola, 
Italy 
Aims: Adiponectin, an adipocyte-specific cytokine 
abundant in plasma, is a marker of poor outcome 
in chronic heart failure (HF). We assessed the 
prognostic value of a single determination and se-
rial changes in adiponectin concentration in HF 
and the effect of n-3 PUFA or statin. 

Methods: Adiponectin (Delphia, Perkin Elmer) 
and NT-proBNP (Roche) were assayed at baseline 
and after 3 months in 1234 patients with chronic 
HF enrolled in the GISSI-HF trial, and randomized 

to n-3 PUFA (1 g/d) or rosuvastatin (10 mg/d) vs. 
placebo. Association between markers and mortal-

ity (follow-up 3.9 yrs) was tested with Kaplan-
Meier curves and Cox models. 

Results: Baseline adiponectin was inversely 
related to BMI (r=–0.28, p<0.0001), directly 
proportional to NT-proBNP (r=0.47, p<0.0001) 

and higher in the 333 patients who died (11.37 
[7.43–17.73] mg/L) compared to the 901 survivors 
(8.43 [5.94 –12.25 mg/L], p<0.0001). Patients in 
the upper tertile of baseline adiponectin (>11.83 
mg/L) had a higher risk of mortality compared 
to lower tertile (p<0.05) but not after adjustment 

for NT-proBNP. Patients with relative increase in 
adiponectin over 3 months had higher mortality 
(29.1%) than those with stable levels (21.7%, HR 
[95%CI] = 1.46 [1.09 –1.96], p=0.011). By univar-
iate analysis, median adiponectin levels predicted 

mortality in normal and overweight but not in lean 
or obese patients (Table). Adiponectin predicted 
mortality in the 172 patients with a non-intentional 
loss of body mass 2kg in the previous 6 months 
(p=0.0018), but not in those with intentional loss 
(n=194, p=0.34); NT-proBNP was predictive in 
both groups (p<0.0005). Compared to matching 
placebos, 3-month changes in adiponectin concen-
tration were not different in the two arms. 

Conclusions: Single measurement and serial 
changes in adiponectin are weak predictors of mor-
tality in this large cohort of patients with chronic 
HF. Neither n-3 PUFA nor rosuvastatin had an ef-
fect on adiponectin plasma concentration. 

Abstract 3526: Biphasic 
Preejection Septal Deformation 
in Left Bundle Branch Block 
-”Tug Of War” Between Early-
activated Septum and Late-
activated Lateral Wall
Ola Gjesdal; Espen W Remme; Anders 
Opdahl; Helge Skulstad; Kristoffer 
Russell; Erik Kongsgård; Thor Edvard-
sen; Otto A Smiseth. Rikshospitalet, 
Oslo, Norway 
Introduction: Abnormal septal motion in LBBB 
has been assumed to represent passive motion re-
lated to reversal of the end-diastolic left-to-right 
transseptal pressure gradient (TSG). Recently, we 

Univariate prognostic value of baseline adiponectin 
according to body-mass index 
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demonstrated contribution of active septal contrac-
tion to this motion during preejection. We now 
investigate how active septal and LV free wall 
contractions contribute to septal deformation in 
LBBB. 

Methods: In 8 anesthetized dogs with ventricular 
manometers we measured myocardial deformation 
(strain) by sonomicrometry and echocardiography 
and electrical conduction time by intra-myocardial 

EMG. LBBB was induced by RF-ablation. 

Results: During LBBB electrical activation of 
the LV free wall was delayed 51±4 ms (±SEM) 
relative to septum. The free wall segment was 
stretched 2.2±0.5% prior to onset of shorten-
ing. Preejection septal deformation was biphasic 

with 6.1±4.5% (p<.01) shortening followed by 
3.9±2.8% (p<.01) lengthening which continued 
into the ejection phase (Fig). The interruption of 
septal shortening (ISS) coincided with onset of 
free wall shortening (4±3 ms after). At this time 
the radius of curvature was increased for septum 
(35±5%), but reduced for the free wall (–6±2%, 
p<0.1), implying higher wall stress in septum. 

Conclusions: In LBBB, septal preejection defor-
mation is biphasic with active shortening followed 
by lengthening. The results suggest that the septal 
wall lengthens due to forces generated in the late-
activated freewall. Presystolic stretching increases 

free-wall force development via the Frank-Star-
ling mechanism, whereas increased septal radius 
of curvature increases septal wall stress, and both 
mechanisms contribute to septal lengthening. 

Abstract 3573: Protection 
of Hypothermia-induced 
Contractile Dysfunction in 
Mice With Cardiac Specific 
Expression of Slow Skeletal 
Troponin I
Torkjel Tveita1; Gary C Sieck2; R. J So-
laro3; Grace M Arteaga4. 1 Mayo Clinic, 
Rochester and Tromso, Norway, MN, 2 
Mayo Clinic, Rochester, MN, 3 Univ of 
Illinois at Chicago, Chicago, IL, 4 Mayo 
Clinic, Rochester, MN 
Rewarming the intact heart from hypothermia 
is associated with reduced contractile function, 
decrease in myofilament response to Ca2, and in-
creased cardiac troponin I (cTnI) phosphorylation. 

To further investigate the functional significance 
of increased TnI phosphorylation in this setting, we 
tested the hypothesis that transgenic murine hearts 
with a complete stoichiometric replacement of 

cTnI with the isoform slow skeletal TnI (TG-ssT-
nI) results in improved myocardial function after 
deep hypothermia followed by rewarming (H/R). 
This isoform lacks PKA-induced phosphoryla-
tion sites and myofilaments show increased Ca2+ 
sensitivity. A group of non-transgenic littermates 
(NTG, n=7) were used for controls. Hypothermia 
(3 h at 22°C) was induced in anesthetized NTG 
and TG-ssTnI mice (n=7), followed by rewarming 
to normothermia (37°C). Cardiac function was de-
termined in close chest animals using a 1.4F pres-
sure-volume Millar catheter placed inside the left 
ventricle (LV) via the right carotid artery. Change 
in core temperature, measured by esophageal ther-
mocouple, was achieved by surface cooling and 
rewarming. At baseline, cardiac output (CO) was 
similar between groups. During deep hypother-
mia, CO remained significantly reduced in NTG 
animals compared to TG (3.4±0.9 vs. 4.2±1.2 
ml•min–1, p<0.05). After rewarming, significant 
differences (p<0.05) were found in CO (NTG 
6.6±0.7 vs. TG-ssTnI 8.8±0.7 ml·min–1), stroke 
work (SW) (NTG 796±112 vs. TG-ssTnI 1208±67 

mmHg·µl–1), and preload recruitable stroke work 
(PRSW) (NTG 38.3±4.9 vs. TG-ssTnI 68.8±8.2 

mmHg). The isovolumic relaxation constant (Tau) 
was prolonged in TG-ssTnI both at baseline con-
ditions (NTG=7.0±0.5 and in TG-ssTnI=8.6±0.4, 
p<0.05). However, after H/R, end diastolic pres-
sure volume relationship remained unaltered in 
both groups. We conclude that TnI phosphoryla-
tion plays a significant role in the systolic dysfunc-
tion observed after H/R. Further, the expression of 
the ssTnI isoform results in functional preservation 
in hearts subjected to deep hypothermia followed 
by normothermia. 

Abstract 3733: Inhibiting 
Phosphorylation of SMAD2 
Preserves Cardiac Function 
During Pressure Overload
Johannes L Bjørnstad; Biljana Skrbic; 
Henriette S Marstein; Ivar Sjaastad; 
Geir Christensen; Theis Tønnessen. 
Oslo Univ Hosp Ulleval, Oslo, Norway 
The TGF-beta superfamily has been postulated 
to play a role in regulating myocardial remodel-
ling. SMAD2 mediates intracellular signalling 
by TGF-beta family members, and phosphoryla-
tion of SMAD2 might induce both deleterious and 
cardioprotective effects. We hypothesized that 
inhibiting phosphorylation of SMAD2 in pressure 
overload preserves left ventricular (LV) function 
by reducing myocardial fibrosis and cardiomyo-
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cyte remodelling. C57BL/6 mice were randomized 
to one of the following four groups: one week of 
banding of the ascending aorta (AB) or sham pro-
cedure and receiving chow without (STD) or with 
an inhibitor of SMAD2 phosphorylation (SM16). 
SM16 treatment improved fractional shorten-
ing (FS) (31.8±2.6 % AB SM16 vs. 23.6±2.0 % 
AB STD, n=11–12, p=0.02) and mitral decelera-
tion slope (Mdec) (25.6±2.2 m/s2 AB SM16 vs. 
35.5±2.4 m/s2 AB STD, n=11–12, p<0.01), indi-
cating improvement of both systolic and diastolic 
function. This was further supported by a negative 

correlation between p-SMAD2 and systolic and 
diastolic peak tissue velocity (R=0.47, p=0.04 and 
R=0.56, p=0.01, respectively, n=19). AB induced 
37 % increased LV weight in both AB groups 

(n=32–40) and LV end diastolic diameter was 
equal in the four groups (n=6–12). However, mark-
ers of cardiomyocyte remodelling were reduced by 
SM16 as demonstrated by RT-PCR (n=5–8); the 
increased expression of alpha skeletal actin (7.3-
fold up-regulation in AB) and myosin heavy chain 
beta (5.5-fold) was significantly lower in mice 
receiving SM16. The reduction in expression of 

SERCA2 in AB mice (1.8-fold down-regulation) 
was inhibited in the SM16 group. Moreover, the 
increased expression of collagen genes was dra-
matically reduced by SM16. There was, however, 

no difference in LV collagen protein between the 
four groups (n=10), as demonstrated by HPLC of 
hydroxyproline. This indicates beneficial cardiac 
effects of SM16 beyond inhibition of fibrosis. 

We conclude that inhibiting phosphorylation of 
SMAD2 preserves cardiac function in LV pres-
sure overload. The improved systolic and diastolic 
function, as measured by improved FS and Mdec, 

might be explained by mechanisms beyond inhibi-
tion of myocardial fibrosis, possibly by effects on 
contractile proteins and Ca++ handling in the car-
diomyocytes. 

Best Original Resuscitation Science, 
Moderated Poster Session 

Abstract P31: Out-of Hospital 
Advanced Cardiac Life Support 
With or Without a Physician: 
Effects on Quality of CPR and 
Outcome
Theresa M Olasveengen; Inger Lund-
Kordahl; Petter Andreas Steen; Kjetil 
Sunde. Oslo Univ Hosp, Ulleval, Oslo, 
Norway 

Background: The presence of physicians is be-
lieved to facilitate optimal management of out-of-
hospital cardiac arrest, but has not been sufficiently 
documented. 

Methods: Adult non-traumatic cardiac arrests treat-
ed by Oslo and Follo EMS between May 2003 and 
April 2008 were prospectively registered. Patients 
were categorized according to being treated by the 
physician manned ambulance (PMA) or by regu-
lar paramedic manned ambulances (non-PMA). 
Patient records and continuous electrocardiograms 
(ECGs) with impedance signals were reviewed. 

Quality of cardiopulmonary resuscitation (CPR) 
and clinical outcomes were compared. 

Results: Resuscitation was attempted in 1128 car-
diac arrests, of which 151 treated by non-PMA 
and PMA together were excluded from compara-
tive analysis. Of the remaining 977 patients, 232 

(24%) and 741 (76%) were treated by PMA and 
non-PMA, respectively. The PMA-group was more 
likely to have bystander witnessed arrests and ini-
tial VF/VT, and received better CPR quality with 
shorter hands-off intervals and pre-shock pauses, 
and having a greater proportion of patients being 
intubated. Despite uneven distribution of positive 
prognostic factors and better CPR quality, short-
term and long-term survival were not different for 
patients treated by the PMA vs. non-PMA, with 
34% vs. 33% (p=0.74) achieving return of sponta-
neous circulation (ROSC), 28% vs. 25% (p=0.50) 

being admitted to ICU and 13% vs. 11% (p=0.28) 
being discharged from hospital, respectively. 

Conclusions: Survival after out-of-hospital cardiac 
arrest was not different for patients treated by the 
PMA and non-PMA in our EMS system. 

Abstract 227: Normalized 
Global Systolic Circumferential 
Strain Can Detect Incipient 
Myocardial Dysfunction in 
Patients With Chronic Aortic 
Regurgitation
Marit Kristine Smedsrud; Eirik Pet-
tersen; Ola Gjesdal; Jan L Svennevig; 
Halfdan Ihlen; Kai Andersen; Thor 
Edvardsen. Rikshospitalet Med Cntr, 
Oslo, Norway 
Introduction: This study assessed whether global 
circumferential strain could disclose incipient 
myocardial dysfunction due to chronic aortic re-
gurgitation (AR) with a consequent potential of 
being a means for optimal timing of valve surgery 
in patients with AR. 
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Methods: Thirty-four patients with chronic severe 
AR referred for aortic valve replacement were 
studied along with 31 healthy controls. Myo-
cardial circumferential strain was measured by 

2-dimensional speckle tracking echocardiography 
(2D-STE) in addition to standard assessment of LV 
volumes and ejection fraction (LVEF). Strain was 
normalized by end-diastolic volume in order to 
correct for the volume dependency of deformation. 

Results: Global systolic circumferential strain 
was similar in the AR patients before surgery as 
compared to the healthy controls (–22.4±2.9 % vs. 
–22.6±2.5 %, p=0.74). This was the case also for 
LVEF (58±5 % vs. 59±6 % p=0.52). In contrast, 
normalized global circumferential strain was sig-
nificantly lower in the AR patients (–0.10±0.05 

vs. –0.24±0.08, p<0.01). Moreover, normalized 

strain increased after surgery indicating improved 
LV function (–0.13±0.07, p<0.01), although still 
reduced as compared to controls (p<0.01). 

Conclusions: The study demonstrated markedly 
reduced normalized global circumferential strain 
in chronic AR patients with still preserved LVEF. 
Thus, normalized circumferential strain seems to 
be more sensitive in identifying myocardial im-
pairment in AR patients than traditional measures 
and might consequently be of importance for im-
proved timing of valve surgery.

Abstract 551: Left Ventricular 
Lengthening Load and Shear 
Strain Are Important and 
Independent Determinants of 
Rate of Diastolic Untwist
Anders Opdahl; Espen W Remme; Tho-
mas Helle-Valle; Thor Edvardsen; Otto 
A Smiseth. Rikshospitalet Univ Hosp, 
Oslo, Norway 
Background: Previous studies suggest that peak 
rate of LV untwist (UTR) is determined by rate of 
LV relaxation. We tested the hypothesis that cir-
cumferential-longitudinal shear strain (SCL) repre-
senting restoring forces and LV lengthening load, 
defined as LV pressure at onset of filling, are two 
other independent determinants of UTR. 

Methods: In 8 anesthetized dogs we measured LV 
lengthening load as LV pressure at mitral valve 
opening (LVPMVO). End-systolic SCL and peak dia-
stolic UTR were measured by sonomicrometry and 

UTR also by speckle tracking echocardiography 
(STE) at different levels of contractility induced 
by dobutamine and LAD-occlusion, and different 

lengthening loads induced by volume loading and 

caval constriction. 

Results: Changes in UTR during dobutamine and 
ischemia correlated well with changes in tau (R 
= 0.81; P<0.01), and with SCL

 (Fig 1), confirming 
a strong relationship between UTR and relax-
ation and restoring forces, respectively. Eleva-
tion of LVPMVO by 5.4 ± 3.1 mmHg (mean ± SD, 
P<0.01) was associated with an increase in UTR 
from 59±10 to 82±27 °/s (P<0.05) and reduction 
of LVPMVO by 6.4±1.3 mmHg (P<0.01) with a de-
crease in UTR to 45±12 °/s (P<0.05). Changes in 
UTR during loading interventions were associated 

with minor changes in tau and SCL. Therefore, nei-
ther relaxation nor restoring forces could account 
for these changes in UTR, whereas LVPMVO cor-
related well with UTR (Fig 2), suggesting a causal 
relationship. Similar changes in UTR were found 
using STE. 

Conclusion: The present findings indicate that in 
the non-failing ventricle shear strain and lengthen-
ing load are important determinants of UTR, in ad-
dition to LV relaxation. 

Figure 1: Restoring forces vs. untwisting rate 

Figure 2: Lengthening load vs. untwisting rate
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Abstract 552: How Twisted is 
the Left Ventricle?
Anders Opdahl; Espen W Remme; Tho-
mas Helle-Valle; Thor Edvardsen; Otto 
A Smiseth. Rikshospitalet Univ Hosp, 
Oslo, Norway 
Background: Conventional twist (RTwist) is cal-
culated relative to end-diastolic (ED) LV con-
figuration. The degree of diastolic untwisting 
may depend on the ED pressure. Hence, peak 
RTwist may not reflect how twisted the systolic 
LV configuration is. By calculating absolute twist 
(ATwist) relative to a fixed LV configuration we 
investigated the preload dependent untwisting of 
LV. We further investigated the influence of pre-
load on peak RTwist and ATwist. 

Methods: In 8 anesthetized dogs we assessed ED 
LV pressure (LVEDP) and measured LV twist by 
sonomicrometry which allowed assessment of 
twist relative to a fixed LV configuration. Both 
ED and peak ATwist was calculated relative to this 
configuration at baseline, during volume loading 
and caval constriction. 

Results: Changes in LVEDP from 7.9 ± 1.1 (±SD) 

at baseline to 14.2±2.9 and 1.4±1.5 mmHg (both 

P<0.01) during volume loading and caval con-
striction, respectively, were associated with an 
increase in ED ATwist to 3.4±2.1 and a decrease 
to –4.4±1.5° (both P<0.01), during loading and 
caval constriction, respectively. A close correla-
tion was observed between LVEDP and ED ATwist 
(R=0.90, P<0.01, Fig 1). Peak ATwist demon-
strated a positive correlation (R=0.61, P<0.01, 
Fig 2a), whereas peak RTwist showed a negative 

correlation to LVEDP (R=0.61, P<0.01, Fig 2b), 
indicating that peak RTwist and ATwist respond 
oppositely to preload. 

Conclusion: The present study indicates that the 
absolute ED twist configuration is determined by 
preload. Hence, conventional twist does not reflect 
how twisted the LV really is. In our model conven-
tional twist underestimated peak twist during caval 

constriction and overestimated it during loading. 

Abstract 711: Atrial Strain 
by Speckle Tracking 
Echocardiography: A New Non-
Invasive Marker of Left Atrial 
Mean Pressure
Thomas Helle-Valle; Kaspar Broch; 
Otto Smiseth. Oslo Univ Hosp, Oslo, 
Norway 
Background: Better non-invasive markers of left 
ventricular (LV) end-diastolic pressure (EDP) are 
needed. Due to the curvilinear shape of the atrial 
pressure-volume relationship, atrial chamber 

compliance will decrease when atrial pressure is 
elevated. Therefore, we predicted that markedly 
elevated atrial pressures would be associated with 
reduced atrial strain, and that atrial strain would be 

Figure 1: LVEDP vs. ED absolute twist 

Figure 2a: LVEDP vs. peak absolute twist 

Figure 2b: LVEDP vs. peak relative twist 
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inversely related to left atrial (LA) pressure. This 

hypothesis was tested in patients with congestive 
heart failure. 

Methods: In 19 patients with idiopathic dilated 
cardiomyopathy, mean pulmonary capillary wedge 
pressure (PCWP) was measured invasively and 
was used as a surrogate for mean LA pressure. 

Using conventional 4-chamber recordings, LA 
strain was measured by speckle tracking echocar-
diography (STE) (Figure 1) and LA area by pla-
nimetry. 

Results: Mean PCWP was 18.5±7.3 mmHg, LA 
strain at maximum filling was 14.7±6.6% and LA 
area was 8.4±1.9 cm2/m2. There was a strong cor-
relation between PCWP and peak LA strain (r = 
0.85, p < 0.0001, Figure 1), while the correlation 

between LA area and PCWP was not statistically 
significant (r = 0.41, p = 0.07). 

Conclusion: We have demonstrated a close, in-
verse relationship between left atrial strain and left 
atrial pressure. These results suggest that assess-
ment of atrial strain might be a useful supplemen-
tary clinical tool for non-invasive estimation of left 
atrial and LV end-diastolic pressures. 

Abstract 2536: End-tidal 
Carbon Dioxide is Less 
Sensitive for Predicting Death 
in the Setting of Optimized 
Cardiopulmonary Resuscitation 
Quality
Jason P Alvarado1; Joar Eilevstjønn2; 
Brian Robertson-Dick3; Benjamin S 
Abella4; Terry L Vanden Hoek5; Dana 
P Edelson5, 1 Univ of Illinois College of 
Medicine, Chicago, IL, 2 Laerdal Med 
Corp, Stavanger, Norway, 3 Univ of 
Chicago Med Cntr, Chicago, IL, 4 Univ 

of Pennsylvania, Philadelphia, PA, 5 
Univ of Chicago Med Cntr, Chicago, IL 
Introduction: End-tidal carbon dioxide (ETCO2) 
is known to correlate with cardiac output and has 
been shown to predict death from cardiac ar-
rest. However, ETCO2 is likely affected by CPR 
quality, which is frequently suboptimal in clini-
cal practice. As a result, the discrimination power 
of ETCO2 in the setting of optimized CPR is not 
known. 

Methods: We conducted a prospective study of 
consecutive in-hospital cardiac arrests at an aca-
demic medical center between 1/06 and 1/08. A 
CPR-sensing monitor/defibrillator which provided 
real-time audio visual feedback regarding CPR de-
ficiencies was used. This device collected ETCO2 
via a monitor connected in line with the endotra-
cheal tube. Patient demographics and outcomes 
were abstracted via chart review. Two-sided t-test 
and Receiver Operator Characteristics (ROC) were 
used to compare outcomes and assess ETCO2 time-
points. 

Results: ETCO2 data were available for 118 pa-
tients, with a mean age of 60±16 years. Fifty-two 
percent were male and ROSC was achieved in 
46%. Mean compression depth was 49±10 mm, 
with a rate of 109±10 and no flow fraction of 
0.12±0.20. Ventilation rate was 13±8. The table 
below compares various ETCO2 measurements 
between survivors and non-survivors. Using the 
previously validated 20 minute ETCO2 value of 
10 as a cutoff for predicting death yielded a sensi-
tivity of 30%, specificity of 100%, positive predic-
tive value (PPV) of 100%, and negative predictive 
value (NPV) of 7%. Increasing the cutoff to less 

than or equal to 25 mmHg raised the sensitivity 
to 65% and NPV to 13% while maintaining 100% 
specificity and PPV. 

Conclusions: We demonstrated higher ETCO2 val-
ues than have previously been reported in a setting 
with carefully monitored and preserved CPR qual-
ity. As a result, the sensitivity and NPV of the 20 

minute ETCO2 cutoff of 10 mmHg are consider-
ably lower than previously reported, limiting its 
utility for predicting death. A higher cutoff may be 
needed to improve accuracy in the setting of opti-
mized CPR quality. 

Comparison of various measures of EtCO2 between sur-
vivors and non-survivors. 
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Abstract 2699: Mechanisms 
Underlying Increased Ca2+ 
Influx in SERCA2 Kockout 
Cardiomyocytes
William E Louch; Halvor K Mork; Ka-
rina Hougen; Ivar Sjaastad; Kristin B 
Andersson; Geir Christensen; Ole M 
Sejersted. Univ of Oslo, Oslo, Norway 
In normal cardiomyocytes, contraction is predomi-
nantly dependent on Ca2+ release from the sarco-
plasmic reticulum (SR), and reduced activity of 
the SR Ca2+ ATPase (SERCA) has been linked to 
heart failure. We have recently observed that mice 
with cardiomyocyte-specific excision of SERCA 
(KO) compensate for markedly reduced SR func-
tion by increasing trans-sarcolemmal Ca2+ flux. 
Here we investigated the mechanisms underlying 
the greater Ca2+ entry. At seven weeks following 
gene deletion, SR Ca2+ release was not detectable 

in KO cardiomyocytes. Expression of the L-type 
Ca2+ channel was increased in KO as protein levels 
of the pore forming subunit, 1C, and regulatory 
subunit, 2/ 1, were 178% and 147% of control 

values, respectively. Peak L-type Ca2+ currents 
were 49% larger in KO than control, and slower 
Ca2+ current decay kinetics resulted in integrat-
ed currents which were 220% of control values. 
The action potential (AP) was also prolonged in 
KO. Treatment with 20 µM nifedipine or 0 mM 
Ca2+ in the external solution abolished this differ-
ence, indicating that the longer AP resulted from 
increased Ca2+ current. Indeed, measurements of 
transient outward K+ current were similar in KO 
and control. Switching the voltage stimulus from 
the control AP to the KO AP increased the magni-
tude of the Ca2+ transient by 67% in KO myocytes. 
This augmentation predominantly resulted from 
increased integrated Ca2+ current. Thus, overall L-
type Ca2+ entry in KO was increased from control 
values by 3–3.5 fold when AP alterations were 
considered. AP prolongation in control cells also 
increased Ca2+ influx, but augmentation of the Ca2+ 
transient was less marked (19%) due to reduced 
efficiency of Ca2+-induced Ca2+ release. Finally, 
we observed that treatment with 5 µM KB-R7943 
markedly reduced Ca2+ transients in KO cells but 
not in controls, indicating a greater role of reverse-
mode Na+/Ca2+ exchange in KO. Thus, increased 
expression of the Ca2+ channel, absence of Ca2+-de-
pendent inactivation, action potential prolongation, 

and augmented reverse-mode Na+/Ca2+ exchange 
can together greatly enhance Ca2+ influx when SR 
function is reduced. These observations suggest 

that reduced SR function in human heart failure 
may be treated by strategies which augment sarco-
lemmal Ca2+ fluxes. 

Abstract 4690: Impact of 
Thrombus Aspiration in Patients 
With STEMI Undergoing 
Primary PCI: Analysis From the 
HORIZONS-AMI Trial
Dennis W Nilsen1; Roland Wu2; Alex-
andra J Lansky2; Roxana Mehran2; 
Martin Fahy2; Eugenia Nikolsky2; Bern-
hard Witzenbichler3; Giulio Guagliu-
mi4; Jan Z Peruga5; Bruce R Brodie6; 
Dariusz Dudek7; Martin Möckel8; 
Gregg W Stone9. 1 Stavanger Univ 
Hosp, Stavanger, Norway, 2 Colum-
bia Univ and the Cardiovascular Rsch 
Foundation, New York, NY, 3 Char-
ité Campus Benjamin Franklin, Berlin, 
Germany, 4 Ospedali Riuniti di Berga-
mo, Bergamo, Italy, 5 Silesian Cntr for 
Heart Disease, Lodz, Poland, 6 LeBauer 
Cardiovascular Rsch Foundation and 
Moses Cone Hosp, Greensboro, NC, 7 
Jagiellonian Univ, Krakow, Poland, 8 
Charité –Univ Medicine, Berlin, Ger-
many, 9 Columbia Univ and the Cardio-
vascular Rsch Foundation, New York, 
NY 
Objective: We compared epicardial flow, ST-seg-
ment resolution and clinical outcomes after prima-
ry PCI in STEMI performed with and without use 
of a “simple” aspiration catheter, and assessed the 
role of contemporary antithrombotic strategies in 
patients treated with thrombus aspiration. 

Methods and Results: In the HORIZONS-AMI 
trial, at operator discretion, catheter-based throm-
bus aspiration prior to PCI was performed in 318 
of 3233 pts (9.8%). The use of thrombus aspira-
tion correlated with younger age, current smoking, 
prior history of PCI, higher incidence of thrombus 
on the baseline angiogram, higher rates of direct 
stenting and post stent dilatation. By core lab 
analysis, during the procedure pts with vs with-
out thrombus aspiration had higher rates of distal 
embolization (9.0% vs. 3.2%, p<0.0001) and slow 
flow (5.3% vs. 3.4%, p=0.06) but not of dissection 
(6.6% vs. 5.3%, p=0.32). There were no significant 
differences in the rates of complete (>70%) STR at 
60 min post procedure (48.2% vs. 50.3%, P=0.51). 
Pts with vs without thrombus aspiration had simi-
lar rates of 30-day MACE (death, reinfarction, 
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TVR or stroke; 4.7% vs. 4.2%, p=0.68) but higher 
rates of major bleeding (8.5% vs. 6.3%, p=0.13). 

There were no significant interactions between 
randomized antithrombin regimen (bivalirudin 
monotherapy vs. heparin + glycoprotein IIb/IIIa 
inhibition) and performance of thrombus aspira-
tion on either TIMI-3 flow, 60 minute STR, or 30 
day MACE (p for interaction=0.81, 0.68 and 0.62 
respectively). 

Conclusion: Pts treated with thrombus aspiration 
prior to PCI compared to conventional PCI in the 
HORIZONS-AMI trial had similar rates of final 
TIMI flow grade 3 and higher rates of angiograph-
ic complications, with similar rates of complete 
STR and 30-day MACE. Adjunctive antithrom-
botic therapy regimen had no significant impact on 
the outcomes of thrombus aspiration. 

Abstract 4895: Competing 
Effects of Hypokalemia 
and Hydrochlorothiazide 
Treatment on Regression of 
Cornell Product Left Ventricular 
Hypertrophy in Hypertensive 
Patients: Implications for 
Development of Potassium-
Sparing Diuretics
Peter M Okin1; Sverre Kjeld-
sen2; Lars H Lindholm3; Björn 
Dahlöf4; Richard B Devereux5. 1 
Weill Cornell Med College, New 
York, NY; 2 Univ of Oslo, Ullevål 
Hosp, Oslo, Norway; 3 Umeå 
Univ, Umeå, Sweden; 4 Sahlgren-
ska Univ Hosp/Östra, Göteborg, 
Sweden; 5 Weill Cornell Med Col-
lege, New York, NY 
Background: Hydrochlorothiazide (HCTZ) 
treatment is associated with blood pres-
sure reduction and regression of left ventricular 

hypertrophy (LVH). HCTZ is also associated with 
hypokalemia (hypoK), which increases blood pres-
sure and is associated with a greater likelihood 
and severity of electrocardiographic (ECG) LVH. 
However, the competing effects of HCTZ use and 
concomitant hypoK on LVH regression have not 
been examined. 

Methods: Baseline and yearly Cornell product 
(CP) ECG LVH levels were examined in relation 
to hypoK (serum K 3.90, the lowest quartile) 
and HCTZ use in 7816 patients in the LIFE study 
with baseline and year-1 K levels. Patients were 

randomized to losartan vs atenolol-based treatment 
and additional HCTZ as needed. 

Results: Patients on HCTZ had lower serum K 
levels at year 1 (4.05 ± 0.38 vs 4.24 ± 0.38), year 
2 (4.04 ± 0.38 vs 4.25 ± 0.38), year 3 (4.04 ± 
0.39 vs 4.27 ± 0.39) and year 4 (4.05 ± 0.41 vs 
4.26 ± 0.38) of the study (all p < 0.001). In 2-way 
analysis of covariance adjusting for age, sex, race, 
prior and randomized treatment, yearly body mass 
index, serum glucose and creatinine, and for base-
line and change in diastolic and systolic pressure, 

hypoK was associated with less mean reduction of 
CP LVH whereas HCTZ use was associated with 
greater regression of CP LVH between baseline 
and years 1 to 4. Multivariate logistic regression 

analyses with the same covariates revealed that 
hypoK was associated with a statistically signifi-
cant 15 to 19% lower likelihood of median (236 
mm·ms) reduction in CP LVH while HCTZ use 
was associated with an 18 to 33% greater likeli-
hood of CP LVH regression of 236 mm·ms be-
tween baseline and years 1 to 4. 

Conclusions: HCTZ therapy is independently as-
sociated with a greater likelihood and magnitude 
of LVH regression whereas concomitant hypoK is 
associated with a competing lower likelihood and 
magnitude of LVH regression during antihyperten-
sive therapy. These findings suggest that hypoK 
may blunt regression of LVH during treatment. 

Abstract 5017: Osteoprotegerin 
and the Risk of Recurrent 
Events in Patients With Non-
ST elevation Acute Coronary 
Syndromes (NSTE-ACS): 
Observations From MERLIN-TIMI 
36
Marc Bonaca1; Torbjorn Omland2; Marc 
S Sabatine3; Sabina A Murphy3; Ben-
jamin M Scirica3; Lars M Rasmussen4; 
Allan Flyvbjerg5; David A Morrow6. 1 
Brigham and Women’s Hosp, Boston, 

Regression of Cornell Product LVH in Relation to HCTZ Use and 

Hypokalemia
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MA, 2 Univ of Oslo, Oslo, Norway, 3 
Brigham and Women’s Hosp, Boston, 
MA, 4 Odense Univ Hosp, Odense, 
Denmark, 5 Aarhus Univ Hosp, Aarhus, 
Denmark, 6 Brigham and Women’s 
Hosp, Boston, MA 
Osteoprotegerin (OPG) inhibits bone resorption 
and may also play a role in mediating vascular cal-
cification. Recent studies have suggested that high 
plasma OPG is a strong predictor of cardiovascular 
disease (CV) and mortality. We hypothesized that 

OPG would be useful for risk assessment in pa-
tients presenting with NSTE-ACS. 

Methods: We measured OPG at baseline in 4,463 
pts with NSTE-ACS randomized to ranolazine or 
placebo in the MERLIN-TIMI 36 trial. Patients 
were followed for an average of one year. End-
points were adjudicated by a blinded CEC. 

Results: OPG at presentation showed a significant 
graded association with higher rates of recurrent 
CV events (Figure). OPG > median (1632 pmol/L, 
IQR 1206–2242) was associated with a higher risk 
of CV death (HR 2.9; 95% CI 2.2 – 4.0), CV death 
or MI (HR 1.9; 95% CI 1.6 – 2.3), and CV death or 
CHF (HR 2.5; 95% CI 1.9 – 3.1). After adjustment 
for important covariates including age, gender, 
diabetes, smoking, HTN, index event, cTnI, CRP Event Rates at 1 Year by Quartile of OPG

and BNP, OPG remained independently associated 
with the risk of death (adj HR 1.7; 95% CI 1.2 – 

2.4), CVD or MI (adj HR 1.4; 95% CI 1.1 – 1.7) 
and CVD or CHF (adj HR 1.4; 95% CI 1.1 – 1.8). 

Conclusions: OPG was independently associated 
with long-term risk of recurrent CV events in pa-
tients with NSTE-ACS, adding to clinical predic-
tors, cTnI, CRP and BNP. This finding in a large 
data set adds to the emerging evidence supporting 
OPG as a candidate prognostic marker in pts with 
ACS, and supports investigation of other therapies 
that might modify this risk. 

❤
Det er mogeleg at den norske gjennomsnittsintelligensen ikkje kan undervurderast; 

men eg trur det ikkje.
     Ivar Eskeland

❤
Ulempen med politiske vitser er at noen av dem blir valgt. 

     Ivar Eskeland
❤

Always live within your income, even if you have to borrow money to do so. 
     Josh Billings

❤
To treat your facts with imagination is one thing; to imagine your facts is another.

     J Burroughs 
❤

I occationally play works by contemporary composers, and for two reasons: 
First to discourage the composer from writing any more, and secondly 

to remind myself how much I appreciate Beethoven.
     J Heifetz
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❤
En komité er en blindgate hvor man narrer ideer inn for så å kvele dem i stillhet. 

     JA Lincoln
❤

Byråkrati er kunsten å gjøre det mulige umulig.
     JP Salcedo 


