

















Alterations in left ventricular sys-
tolic and diastolic function during
normal pregnancy
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Background
During pregnancy,
the cardiovascular
system adapts to
the metabolic needs
of mother and fetus
in order to sustain
adequate tissue
perfusion. The effects
on left ventricu-
lar (LV) function
have not been well
documented in larger
patient groups. Thus, the aim of this study was, by
use of serial echocardiography with tissue Doppler
to evaluate LV systolic and diastolic function during
normal pregnancy.
Methods
65 women (33.0 £ 1.2 years), with normal pregnan-
cies at first trimester, were studied with transt-
horacic echocardiography (GE Vingmed Vivid 7)
including grey scale imaging, Doppler and tissue
Doppler, at gestational weeks 14-16, 22-24, 36 and 6
months postpartum.
Results
Cardiac output (CO) increased significantly during
pregnancy, also when controlled for changes in
body surface area (p< 0.001). LV end-diastolic
volume (EDV) increased and LV ejection fraction
(EF) decreased significantly. Whereas left atrial
(LA) size increased, E/e" was unchanged during
pregnancy indicating unaltered LV filling pressures.
e', a marker of diastolic function was slightly, but
significantly reduced. Mitral deceleration time was
not significantly changed (p= 0.11). All women were
asymptomatic.

During normal pregnancies in healthy asymptomatic
women, LV EF was reduced without concordant
increase in filling pressures. These findings can be
explained by volume shifts during pregnancy, and
may be used as a comparative standard in evalua-
tion of pregnant woman with heart disease.

Inotropic effects of prostanoids are
attenuated in failing human and
rat ventricular myocardium
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Aims: Prostaglandin-
modulatory approaches
in heart failure (HF)
patients have not shown
beneficial effects in
clinical studies. Both
treatment with prostag-
landins and inhibition of
prostaglandin synthesis
(non-selective COX-
inhibitors and COX-2
inhibitors) have resulted
in increased mortality in
heart failure patients. Currently, it remains unknown
if prostaglandin-mediated effects upon contractility
are detrimental or favourable in the failing heart.
Therefore, the objectives of this study were to
determine if prostanoids could elicit direct inotropic
effects in human ventricle, and if so, determine if
they are modified in failing ventricle.
Methods: Contractile force was measured in
ventricular strips from non-failing or failing human
and rat hearts. The ratio of phosphorylated to non-
phosphorylated myosin light chain 2 and myosin
phosphatase targeting subunit-2 protein were meas-
ured by Western blotting in rat myocardial strips,
and the levels of prostenoid F receptor (FPR) mRNA
and protein were measured by real time RT-PCR and
receptor binding assays.

Conclusion Results: lloprost and PGE, evoked a positive
inotropic effect,
14-16 weeks | 22-24 weeks | 36 weeks 6 months ANOVA p through a cCAMP-
. post-partum independent mech-
CO (L/min) 5711 6.0%1.0 6.0%0.9 48+1.0#*S | <0.001 anism in non-failing
LV EDV (mL) 92+22 97 +23 101+ 26 78 £19#* § <0.001 human hearts,
LV EF biplane (%) | 61+6 59+9 54+8#* 60+7§ <0.001 which was absent
Mitral E (m/s) 0.80+0.15 |0.78+013 | 0.66+0.15#*|0.67+0.12#* | <0.001 in failing human
Mitral E/A 166+ 0.37 |1.61£0.33  |141+034# |1.53+0.33 0.001 heart. Similarly,
LAArea(cm?  |160%25 |167%23 |17.5:21# |146+23#*5 |<0001 | theFPR-mediated
E/e' 67:22 [7024 |66+30 66+18 0780 L’;Zg;’ep’éc(‘fggﬁz;”as
e’ (m/s) 014+0.03 |013+0.03 |012+0.03# |013+0.02# |<0.001 but the ﬂuproste’_
Mean £ SD. p < 0.05 vs #14-16 w,*22-24 w, $§36 w. E = peak early transmitral flow velocity and e’ = nol-induced MLC-2

mean peak lateral and septal mitral annulus velocity.
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levels were unchanged in failing compared to
non-failing rat heart. FPR-density was significantly
reduced (~40%) and mRNA trended higher in failing
compared to non-failing rat heart.

Conclusions: Prostanoids may provide inotropic
support in non-failing human heart, likely by
enhancing myofilament calcium sensitivity, repre-
senting a less energy-demanding mechanism than
beta-adrenergic activation of cAMP signalling.
Possibly, the significant reduction of prostanoid-
mediated inotropic support observed in both human
and rat failing heart may be detrimental.

Depressed contractile function,
SERCA-activity and reduced
T-tubule density in myocytes iso-
lated from the free left ventricular
wall from patients with post-
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Purpose

Most cellular and
molecular data for
depressed cardiac func-
tion in man comes from
well-established animal
models and biopsies
from transplant hearts
(end-stage heart failure).
These studies suggest
impaired SERCA-2 activ-
ity and reduced T-tubule
density as central mecha-
nisms behind a failing heart. The aim of the present
study was to determine SERCA-function in tissue
samples, and contractile function, calcium handling
and T-tubule density in cardiomyocytes isolated
from free left ventricular wall in patients with- and
without post-infarction heart failure (post-MI HF-
patients) undergoing coronary artery bypass graft
(CABG).

Methods

Ten (63£6 years) patients without myocardial inf-
arction and an EF>50 and 10 (6945 years) post-MI
HF-patients with EF<30 (NYHA 2-4) scheduled for
CAGB were included. Small muscle biopsies were
taken during the surgery. One small sample was
processed for measurements of SERCA-activity
whereas one was used for enzymatic cell isolation
and one saved for molecular analysis. Tissue and
cardiomyocytes were studied using fluorescence
and confocal imaging.

Results

Cardiomyocyte shortening was similar between
groups at 0.5Hz (i.e. 30 beats/min), but in contrast
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to cardiomyocytes from heart with normal EF, we
found a negative shortening-frequency relation

in cardiomyocytes from failing hearts. At 2 Hz
stimulation, cardiomyocyte shortening was clearly
depressed (p<0.001) in post-MI HF. Diastolic
calcium was increased (p<0.01), calcium amplitude
~45% lower, and time to peak contraction and time
to relaxation were slower at all stimulation frequen-
cies (p<0.01) in cardiomyocytes from post-Ml
HF-patients. Synchrony of calcium release is closely
linked to the density and organization of T-tubules in
the cardiomyocyte. We found that the T-tubule den-
sity was reduced by ~35% in myocytes from post-Ml
HF patients, which may contribute to the slower
time to calcium release and lower amplitude. The
rate of calcium removal via SERCA was 35% slower
in tissue from post-MI HF-patients (p<0.01), which
may explain the prolonged time to calcium removal
and time to relenghtening in cardiomyocytes from
failing hearts.

Conclusion

This study demonstrate that patients selected for
CAGB with post-MI HF have impaired cardiomyo-
cyte function and depressed calcium handling.
Reduced T-tubule density contributes to reduced
calcium release and hence reduced cardiomyocyte
shortening. Impaired SERCA function influence
upon calcium removal and thereby relaxation during
diastole. The findings substantiate that impaired
SERCA-2 function and reduced T-tubule density is
central mechanisms behind heart failure.

Slowing of Ca* release in failing
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Contractile power is
reduced in heart failure.
At the level of single
cardiomyocytes, this has
widely been reported

to result from reduced
magnitude of contrac-
tion. However, we have
observed that contraction
is also slowed in failing
myocytes, which results
in a slowed, less powerful
contraction in vivo. We
investigated the underlying mechanisms in a murine
model of congestive heart failure (CHF). Myocardial
infarction (MI) was induced by left coronary artery
ligation, and at 10 weeks post-MlI, mice exhibited
marked symptoms of CHF. Thickening of the non-
infarcted posterior wall was slowed in CHF hearts,
as was contraction in cardiomyocytes isolated from
viable regions of the septum. Confocal line-scan




imaging revealed a slowed rate of rise of Ca?* tran-
sients (fluo-4 AM, 1Hz) in CHF cells, which largely
resulted from spatially non-uniform Ca? release.
Ca?* sparks were also slower to peak in CHF than
SHAM (11.5£0.6 ms vs 9.5£0.6 ms, P<0.05) and
longer lasting (FWHM=24.5+0.7 ms vs 21.6£1.0 ms,
P<0.05). The mean increase in these measurements
resulted from a sub-population of sparks in CHF
with very long rise times probably reflecting altered
function of local Ca?* release channels (ryanodine
receptors). Local Ca?* transients (width=2 pm)
measured at the same coordinates as these sparks
were also slow to rise, indicating that altered Ca?*
spark kinetics contributed to the dyssynchronous
Ca? release pattern in CHF. As well, di-8-ANEPPS
staining revealed disorganized T-tubular structure
in failing myocytes, which promoted Ca?* release
dyssynchrony. Thus, slowed contraction in failing
myocytes results from slowed, dyssynchronous Ca?*
release due to a combination of altered ryanodine
receptor function and T-tubule disorganization.

Defining electromechanical delay
and its potential role in electrical
LV dyssynchrony.
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Background: Previous
studies have suggested
that the latest activated
segments during

left bundle branch
block (LBBB) display
prolonged electrome-
chanical 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 microma-
nometers we measured intramyocardial electromyo-
grams (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), defined as the time
when the myocardial pressure-segment length
coordinate deviated upward from its passive-elastic
curve. In addition we measured onset of mechanical
activation as first onset of shortening (FOS) (Fig.1).
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 35 ms (£SEM) at baseline,
5324 ms during LBBB, and -5+2 ms during BVP.
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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 (172 ms) to LBBB
(43+8 ms, p<0.05) but was near normalized by BVP
(2524 ms).

Conclusions: Electromechanical delay assessed by
onset AFG was constant during all interventions and
did therefore not contribute to dyssynchrony. The
large changes between interventions in electrome-
chanical delay assessed by first onset of shortening
in the lateral wall suggest that this is an inaccurate
measure of mechanical activation.

Fig.1
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