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Abstrac t t 

Background : : 

Suddenn death in patients with heart failure (HF) is often caused by tachyarrhythmias. 
Inn HF connexin43 (Cx43) expression is disturbed, which may increase heterogeneity 
inn conduction velocity (CV) and refractory period (RP), thereby increasing 
arrhythmogenesis.. We therefore investigated Cx43 expression, CV, RP and 
inducibilityy of arrhythmias in different regions of the left ventricle during HF. 

Method ss and Results : 

HFF was induced by pressure-volume overload in rabbits. Immunohistochemistry 
showedd that Cx43 was (heterogeneously) reduced in the midmyocardial, but not in 
thee sub-epicardial layer of the LV free wall in HF compared to control. Intrinsic APD 
(dispersion)) in isolated sub-epicardial and midmyocardial myocytes was not different. 
Inn the intact heart of animals with HF, sub-epicardial 3 ms) and midmyocardial 

33 ms) RPs were increased compared to control (131 2 and 2 ms, 
respectively,, both p<0.001). In HF, sub-epicardial RPs were larger than 
midmyocardiall RPs (p<0.05) and hence transmural dispersion of RP was larger in HF 

44 ms) than in control 3 ms, p<0.05). In addition, the T-wave in the EKG of 
HFF animals was inverted compared to control. Sub-epicardial CV remained 
homogeneous,, but was increased in HF. Transmural CV was heterogeneous, 
althoughh the mean CV was not different between C and HF. Arrhythmias were easier 
induciblee in HF, especially from midmyocardial sites. 

Conclusion : : 

Inn our rabbit model of HF, midmyocardial Cx43 expression is heterogeneously 
reduced,, causing increased transmural dispersion in RP increased and 
heterogeneouss transmural conduction. This led to T-wave inversion and increased 
vulnerabilityy for arrhythmias in this model of HF. 

112 2 



Introductio n n 

Patientss with heart failure (HF) have a high mortality and approximately 50% of these 
patientss will die suddenly, suggesting an arrhythmogenic origin (12). Commonly the 
agonall arrhythmia is ventricular fibrillation (2). The electrophysiological mechanism 
underlyingg ventricular fibrillation is reentry (3). Slow conduction, short refractory 
periodss and electrophysiological heterogeneity are a prerequisite for the induction 
andd maintenance of reentrant arrhythmias (3). In the intact heart, electrophysiological 
heterogeneityy may be due to an intrinsic heterogeneity or originate from reduced 
intercellularr electrical coupling. 

Itt has been established that the gap junction protein connexin43 (Cx43) is 
reducedd in hearts from patients with HF (45). A large reduction in Cx43 expression 
reducess conduction velocity (CV) and predisposes to tachyarrhythmias (67). 
Electrotonicc interaction, mediated by Cx43, shortens action potential duration (APD) 
andd equalizes the intrinsic differences in APD (8). Therefore, a reduction in electrical 
couplingg is expected to result in a longer APD, closer to the intrinsic APD (9). In 
addition,, the reduction in cell-cell coupling may increase the dispersion of RPs. 

Wee hypothesized that heterogeneously reduced expression of the ventricular 
gapp junction protein Cx43, correlates with slow CV, increased refractoriness and 
increasedd heterogeneity in these parameters. Additionally, we hypothesized that the 
expressionn pattern of Cx43 determines the site from which arrhythmias are inducible. 
Too test this hypothesis we studied the {heterogeneity in) intrinsic APD in isolated 
myocytess and refractoriness and CV in Langendorff-perfused hearts in relation to the 
distributionn of Cx43 in a rabbit model of HF with documented sudden cardiac death 
( ,0). . 

Method s s 

RabbitRabbit model of heart failure 

Thee experimental protocol complied with the Guide for the Care and use of 
LaboratoryLaboratory Animals published by the US National Institutes of Health (NIH publication 
85-23,, revised 1996) and was approved by the institutional animal experiments 
committee. . 
HFF was induced by combined volume and pressure overload in two sequential 
surgicall procedures in male New Zealand White rabbits as described previously (10). 
Beforee the first operation a three-lead EKG was recorded in rabbits premedicated 
withh ketamine (100 mg/mL, 0.7 mL/kg bodyweight, intramuscularly) and xylazine (20 
mg/mL,, 0.3 mL/kg bodyweight, intramuscularly). Control and HF rabbits (at 8 months 
off age or when HF with overt signs of dyspnea developed) were weighed, a three-
leadd EKG was recorded, and left ventricular end-diastolic pressure (LVEDP) was 
measuredd as described previously (10). Rabbits were heparinized (1000 I.U., IV) and 
killedd by injection of Nembutal (60 mg/mL, 5 mL, IV). Hearts were isolated and 
submergedd in Tyrode's solution , composition see below). Presence of ascites 
andd heart weight and lung weight were documented. 
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TableTable 5.1. Average and heterogeneous transmural conduction velocity. 

Contro ll  HF 

(n=13)) (n=10) 

Averag ee 8TM 

0 0 
(cm/s ) ) 

Dispersio nn in 
7+1.3 3 

8TMM {cm/s ) 

DataData are mean  SEM (in cm/s). p<0.05. QTM: transmural conduction velocity 

EKGEKG recordings 

T-wavee morphology in lead I of the EKG was compared in 11/19 HF rabbits, in which 
EKGG recordings both at baseline and just prior to removal of the heart were available 
forr analysis. 

PerfusionPerfusion of hearts 

Afterr excision of the heart, the aorta was prepared free from adjacent tissue. !n 
controll rabbits a canula was inserted into the aorta to allow retrograde perfusion of 
thee heart. Since retrograde perfusion is impossible due to aortic insufficiency in HF, 
bothh coronary arteries were canulated separately. The hearts were perfused with 
Tyrode'ss solution containing in (mmol/L): 130 NaCI, 5.6 KCI, 2.2 CaCI2, 0.55 MgCI2, 
24.22 NaHC03, 11.1 glucose, saturated with 95% 0 2 and 5% C02 . Myocardial 
temperaturee was maintained at . 

ElectrophysiologicalElectrophysiological study 

Activationn times (ATs) were derived from local electrograms recorded with an 
epicardiall multi-electrode (247 unipolar electrode terminals, 1.5 mm x 1 mm 
interelectrodee distance) and/or with 4 intramural needles (8 electrode 
terminals/needle,, interelectrode distance 0.3 mm) inserted 1 cm apart in a square on 
thee left ventricular free wall. 

Electrodess were connected to a 256-channel data-acquisition system (Biosemi 
Mark-6).. A virtual ground electrode was connected to the aortic root. Data of 1.8 s 
episodess (sampling interval 0.5 ms) were stored on disk. Local ATs, defined as the 
momentt of the maximum negative dV/dt, were determined with a custom made 

25+1,6 6 

14+2.9' ' 
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interactivee analysis program based on Matlab (11). Pacing from the center of the 
epicardiall multi-electrode or from an electrode selected on a needle was performed 
withh rectangular current pulses at diastolic stimulation threshold (2 ms duration) at a 
physiologicall basic cycle length of 250 ms. 

Inn control (n=13) and HF (n=10) rabbit hearts refractory periods (RPs) were 
determinedd at electrode #1 and #3 (sub-epicardial region) and #6 and #8 (midmural 
region)) of the needles. 

RPss were determined with the extrastimulus technique (2x diastolic threshold, 
cathodall stimulation). The RP was defined as the shortest possible coupling interval 
thatt led to a propagated ventricular response. Dispersion in RP was measured as the 
rangee of the measured RPs. 

B B t a a 
B' ' 

II ^ ^ 
33 mm 

FigureFigure 5.1. Calculation of heterogeneous sub-epicardial CV. Stimulation was done in the center of the 
electrodeelectrode grid. The average of ATs in the grey squares is a measure for global epicardial CV. 
HeterogeneousHeterogeneous sub-epicardial CV is calculated by averaging all the absolute difference in ATs from 
opposingopposing electrodes with the pacing site exactly in the center. For example the activation times at 
positionposition A and B were subtracted from A' and B'. respectively 

Thee changes in sub-epicardial CV heterogeneity in control (n=8) and HF (n=15) 
rabbitss were determined in the following way: Local activation times were determined 
att electrodes positioned in the grey rectangle shown in Figure 5.1. Homogeneous 
conductionn is expected to result in the same activation times at positions in the grey 
rectanglee directly opposite from each other with the stimulation electrode exactly in 
thee center. Therefore, the mean of all differences in activation times of opposing 
electrodess (within the grey area of Figure 5.1) is a measure for heterogeneous 
conductionn (if this value is 0 there is no heterogeneity). This method is independent of 
thee position of the recording electrode relative to fiber direction. 

Transmurall CV (9TM. perpendicular to the sub-epicardial surface) was 
calculatedd from local activation times of 2 maximally spaced electrodes on a needle 
andd discarding those activation times that were unreliable due to interference of the 
stimuluss artefact with the local electrogram (electrode close to the stimulus). 
Heterogeneityy in 9TM was measured as the difference in maximal and minimal CV on 
thee four needles. 
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Arrhythmiaa inducibility was tested in control (n=5) and HF (n=7) animals with up to 4 
prematuree stimuli at a position with the shortest refractory period measured with 
eitherr the multi-electrode or the needles. The arrhythmias were categorized 
accordingg to severity as follows: 0: no arrhythmia, 1: <5 ventricular premature beats 
(VPBs),, 2: >5 VPBs, 3: doublet, 4: triplet, 5: non-sustained VT, 6: sustained VT, 
7,8,9:: VF induced with 3,2 or 1 premature stimuli, respectively. 

ActionAction potential recordings in isolated cells 

Fromm a separate group of animals sub-epicardial and midmural myocytes from the 
leftt ventricular free wall (4-15 myocytes/layer, 6 control and 11 HF rabbits) were 
isolatedd as described before (12). Before each measurement, myocytes were washed 
withh fresh HEPES solution without albumin. Myocytes were attached to a poly-D-
lysinee (0.1 g/l) treated cover slip placed on a microscope stage of an inverted 
fluorescencee microscope (Nikon Diaphot). The perfusion chamber (height 0.4 mm, 
diameterr 10 mm, volume 30 ul) with two needles at opposing sides for superfusion 
andd two thin parallel platinum electrodes for field stimulation (distance of 8 mm, 
pulsess of 40 V/cm and 0.5 ms duration) was tightly positioned onto the cover slip. 
Temperaturee of the perfusion chamber and microscope stage was maintained at 

.. Myocytes were superfused with 0.5umol/l di-4-ANEPPS for 1 minute. Then, 
residuall di-4-ANEPPS was washed away. APD was measured at a pacing frequency 
off 4 Hz. Di-4-ANEPPS fluorescence was excited at 480 nm and measured in dual 
wavelengthh emission mode (510-570)/(590-640) nm. Fluorescence emission ratio 
wass used to suppress movement artefacts (13). Recording times were limited to 5 s to 
avoidd phototoxic effects of di-4-ANEPPS. APDao from 20 signal averaged APs was 
determinedd with an interactive analysis program. 

Immunohistochemistry Immunohistochemistry 

Cryosectionss (10 urn thickness) perpendicular to the epicardial surface were made 
fromm biopsies from the same area as the electrophysiological measurements. 
Sectionss incubated with the rabbit polyclonal anti-Cx43 antibody (Zymed) were 
obtainedd with the method previously described (14). Immunolabeled sections were 
mountedd in Vectashield mounting medium (Vector Laboratories) and examined with a 
light-microscopee with epifluorescence equipment (Nikon Optiphot-2). 

StatisticalStatistical Methods 

Dataa are presented as meantstandard error of the mean. To determine differences 
betweenn groups, one-way ANOVA was used. For post hoc analysis the Student-
Newman-Keulss method was used. When data were not normally distributed a 
Kruskal-Walliss one-way ANOVA on ranks was performed. For post hoc analysis 
Dunn'ss method was used. The presence of ascites was tested with the Chi-square 
testt for statistical differences between control and HF. The T-wave polarity was 
testedd with a Mann-Whitney rank sum test. The arrhythmia inducibility was tested 
withh a signed rank test. P<0.05 indicated statistical significance. 
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Results s 

1.1. Connexin43 expression 

Figuree 5.2 shows sub-epicardial (panel A) and midmural (panel B) Cx43 expression 
inn a control rabbit. In 8 out of 10 HF hearts, sub-epicardial immunofluorescence 
(panell C) was similar compared to the Cx43 expression pattern of controls (5 hearts). 
Cx433 expression in the midmural layers is reduced in rabbits with HF. However, this 
reductionn was heterogeneous as illustrated in panels D-F, which show normal (panel 
D),, intermediate (panel E) and severely (panel F) reduced Cx43 expression in the 
midmyocardiall region all observed in the same rabbit with HF. Such a heterogeneous 
midmurall pattern was observed in 7/10 HF hearts, but not in controls. 

FigureFigure 5.2. Heterogeneous reduction of Cx43. A) Normal sub-epicardial and B) midmural Cx43 
expressionexpression pattern in a control rabbit. C) Normal sub-epicardial Cx43 expression pattern in a rabbit 
withwith HF. D) Normal and E) intermediate and F) severely reduced midmural Cx43 expression within 
oneone rabbit with HF. Pictures were taken from sections perpendicular to the epicardium. Scale bar 50 
pm. pm. 

2.2. T-wave morphology 

Figuree 5.3 shows a typical example of a T-wave in lead I of a control rabbit (Figure 
5.3A)) and an inverted T-wave in a HF rabbit (Figure 5.3B). T-wave morphology of all 
rabbitss was normal before the first operation (upright T-wave in lead I) but inverted in 
100 out of 11 HF animals (p<0.05). 
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3.13.1 Refractory periods 

Figuree 5.4A shows a typical example of local electrograms measured during a basic 
cyclee length of 250 ms (S1, only 3 out of 16 subsequent basic stimuli shown) followed 
byy a premature stimulus (S2) with a coupling interval equal to the RP in a control and 
aa HF rabbit. Figure 5.4B shows that sub-epicardial and midmyocardial RPs were 
increasedd in rabbits with HF (n=10, 3 and 3 ms, respectively) compared to 
controll rabbits (n=13, 131 2 and 2 ms, respectively, both p<0.001). 
Furthermore,, sub-epicardial RP was longer than midmyocardial RP in HF (p<0.05, 
one-wayy RM ANOVA), but not in control, where it was similar. 
Thee dispersion in sub-epicardial and midmyocardial RP (Figure 5.4C) was not 
significantlyy different between rabbits with HF (n=10, 3 and 3 ms, 
respectively)) and control rabbits (n=13, 2 and 2 ms, respectively, both NS). 
However,, transmural dispersion in RP (Fig 4C) was significantly increased in HF 

44 ms) compared to control 3 ms, p<0.05). 

Contro l l 
B B 

HF F 

L e a dd | « 
—*~JJ \ 

FigureFigure 5.3. T-wave morphology in control and HF. A) Normal upright T-wave in lead I from a control 
rabbit.rabbit. B) Inverted T-wave in lead I from a HF rabbit. 

3.23.2 Intrinsic APD and dispersion 

Thee observed changes in (dispersion of) RP may result from differences in intrinsic 
APD.. The (dispersion of) APD was measured at a pacing frequency of 4 Hz in 
myocytess isolated from rabbits with HF (n=11) and control rabbits (n=6). The APD 
wass not different between HF and control in sub-epicardial 2 and 3 ms, 
respectively,, NS) and in midmyocardial 1 and 6 ms, respectively, NS) 
myocytess (Figure 5.5A). Furthermore, APD dispersion was not different between HF 
andd control in myocytes isolated from the sub-epicardial and midmyocardial layer 
(Figuree 5.5B). 
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4.14.1 Conduction velocity 

Previously,, we have demonstrated, that sub-epicardial CV was increased in HF 
comparedd to control , 1 5% % Thiss is illustrated in the activation map of a control rabbit 
(Figuree 5.6A) and the activation map of a rabbit with HF (Figure 5.6B). We 
determinedd the heterogeneity in sub-epicardial conduction by averaging the 
differencee in activation time of all directly opposing electrode pairs in the grey 
rectanglee relative to the site of stimulation. The heterogeneity in conduction was not 
differentt between 8 control and 15 HF rabbits 5 vs. 3 ms, ANOVA, NS; 
Figuree 5.6C). 
Thee average BTM (Table 5.1) was not different between 13 control 0 cm/s) and 
100 HF 6 cm/s, ANOVA, NS) as demonstrated previously (15). However the 
heterogeneityy in 8TM (i.e. the difference between the maximal and minimal CV 
betweenn recording sites, Table 5.1) was increased in HF 9 cm/s) compared to 
controll 3 cm/s, ANOVA, p<0.05). 

AA Control 

S1 1 S1 1 S11 S2 

HF F 

4mV V 

1000 ms 

B B 

</] ] 

b b 
Q. . 

160 0 

140 0 

120 0 

mn n 

p* * 

i — - — — 

0J15 5 

p < 00 J)5 

P P < 0 D 5 5 

Epi i Mid d Epi i Midd Trans 

FigureFigure 5.4. Refractory periods and dispersion. A) Local electrogram from a control (left) and a HF 
(right)(right) rabbit paced with 16 basic stimuli (S1. basic cycle length 250 ms. last 3 basic stimuli shown) 
followedfollowed by a short-coupled stimulus (S2). B) Mean sub-epicardial RP (left pair) in 8 control (white) 
andand 15 rabbits with HF (grey) and mean midmyocardial RP (right pair) of 15 control (white) and 11 
rabbitsrabbits with HF (grey). C) Mean dispersion in RPs measured between sub-epicardial (left pair), 
midmyocardialmidmyocardial (middle pair) and intramural sites (right pair). Epi: sub-epicardium. Mid: 
Midmyocardium.Midmyocardium. Trans: sub-epicardium and midmyocardium combined. 
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4.24.2 Arrhythmias 

Figuree 5.7A shows an example of the successful induction of ventricular fibrillation 
withh 2 premature stimuli in a heart from an animal with HF. In control (n=5) and HF 
(n=7)) rabbits the inducibility of arrhythmias was tested with up to 4 premature stimuli 
att sites with the shortest RP in the sub-epicardium and midmyocardium. Arrhythmias 
weree easier inducible in HF animals compared to control (i.e. in control rabbits the 
mostt severe induced arrhythmia was a triplet (data not shown, p<0.01)). In animals 
withh HF, arrhythmia severity was larger when induction occurred from intramural sites 
comparedd to sub-epicardial sites (Figure 5.7B, signed rank test, p<0.05). 

A A B B 

220 0 

210 0 

11 200 

~~ss 190 

o.. 1801 

< < 
170 0 

160 0 

1501 1 

Epi i Mid d 

F F 
n n 
n n 
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r r 
o o 

4> > 

n n 

40 0 

Jb b 

30 0 

2b b 

VII I 

1b b 

10 0 

b b 

---: : 
_J J 
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Control l 

HV HV 

11 1 — 
11 ! 

T T 

_L L 

TT , 
11 : 

: : 

Epi i Mid d Trans s 

FigureFigure 5.5. Intrinsic APD and dispersion. A) Mean intrinsic APD80 during pacing at a basic cycle length 
ofof 250 ms measured in isolated sub-epicardial (left) and midmyocardial (right) myocytes from control 
(white(white bars) and HF rabbits (grey bars). B) Dispersion in intrinsic APDm of sub-epicardial (left. Epi), 
midmyocardialmidmyocardial (middle. Mid) and sub-epicardial and midmyocardial combined (right. Trans). 

Discussion n 

Inn rabbits with HF compared to control rabbits we observed that: 1) Cx43 expression 
iss heterogeneously reduced in midmyocardium, but not in the sub-epicardial layer of 
thee left ventricular free wall. 2) The intrinsic APD (dispersion) is not different at 4 Hz 
inn isolated sub-epicardial and midmyocardial myocytes. 3) Sub-epicardial and 
midmyocardiall RPs are increased in the intact heart at a pacing rate of 4Hz. 4) 
Transmurall dispersion of RPs is increased. 5) The T-wave is inverted. 6) At a pacing 
ratee of 4 Hz sub-epicardial conduction is homogeneously increased. 7) Transmural 
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conductionn is unchanged, but its heterogeneity is increased. 8) Arrhythmia severity is 
largerr when stimulation is at a midmyocardial compared to a sub-epicardial site. 

Contro l l 

(( ' l / s. \ x y 

|t\II  si. f 

B B 

X X 

£. . 
I --
< < 
c c 
c c 
o o 
'ifl 'ifl 
1_ _ 
<L> > 
Q . . 
If: If: 

Control l 
HF F 

FigureFigure 5.6. Sub-epicardial CV and dispersion. Typical examples of activation maps obtained from a 
controlcontrol (A) and a HF (B) rabbit paced in the center of the electrode-grid (246 terminals) with a basic 
cyclecycle length of 250 ms. Lines indicate isochrones. The grey square highlights the electrodes that are 
usedused to calculate the dispersion in AT in Figure 5.4C. See the methods section for the employed 
method. method. 

Connexin43Connexin43 expression 

Inn our rabbit model of HF Cx43 expression was heterogeneously reduced in the 
midmurall layer of the left ventricular free wall. This is in line with observations made 
inn patients with HF (45) and in patients with chronic hypertrophy (1617). In these 
studiess sub-epicardial Cx43 expression was not specifically studied. In our model of 
HFF sub-epicardial Cx43 expression appears to be relatively unchanged in HF 
comparedd to control. In contrast, in a canine model of rapid pacing induced HF, sub-
epicardiall Cx43 expression was reduced compared to control (1819). 
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IntrinsicIntrinsic APD and dispersion 

Inn this study the intrinsic APD was not different between control and HF at a 
physiologicall pacing frequency of 4 Hz. Because we did not observe an increased 
dispersionn in intrinsic APD the observed increase in transmural dispersion in RPs 
mustt be attributed to differences in electrical coupling. Others did find increased 
intrinsicc APD dispersion, but those myocytes were stimulated at long, non-
physiologicall cycle lengths /200 21 ).Thiss could also explain why we did not find 
myocytess with M-cell characteristics ( ). 
physiologicall long cycle lengths. 

-celll characteristics are unmasked at non-

B B 
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FigureFigure 5.7. Induction of arrhythmias. A) Ventricular fibrillation induced after two premature stimulations 
(S2(S2 and S3). B) The inducibility and severity of arrhythmias differs between control and HF and 
betweenbetween sub-epicardial and intramural stimulation sites. Arrhythmia severity scale see methods. 

RefractoryRefractory periods and T-wave 

RPss were increased in all regions in HF compared to control. In part, this could result 
fromm the reduced amount of Cx43 expression in HF and hence the electrotonic 
influencee on the APD is reduced, which results in a longer RP (89). Still, at a pacing 
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ratee of 4 Hz all RPs (including those measured in HF rabbits) were shorter than the 
intrinsicc APD. 
Rabbitss with HF showed an electrocardiographic strain pattern (negative T-wave in 
leadd I). In patients a strain pattern indicates increased LV mass (2 24) and predicts 
cardiovascularr morbidity and mortality (2425). The endocardial to epicardial 
repolarizationn gradient is reversed in hypertrophic rats compared to control (2 ). In our 
studyy we showed that in the intact heart the sub-epicardial RP was slightly increased 
(  5 ms) compared to midmyocardial RPs, whereas they were the same in control. 
Thee altered transmural repolarization gradient might explain the T-wave inversion, 
especially,, since the repolarization time differences become more pronounced due to 
ann increased total activation time across the hypertrophied wall in rabbits with HF. 

Sub-epicardiall RPs were longer compared to midmural RPs. This is in contrast to 
reportss in which M-cells have longer APD compared to sub-epicardial myocytes, 
especiallyy at lower frequencies (22). Our observations may be explained as follows: 
Wee observed the largest reduction in Cx43 expression in the midmyocardium. Under 
controll conditions, sub-epicardial myocytes undergo less electrotonic interaction, 
sincee those myocytes have less neighbouring myocytes compared to midmyocardial 
myocytes.. Therefore, a reduction of intramural Cx43 in HF leads to a relative isolation 
off the sub-epicardial layer from the intramural layer and hence increases sub-
epicardiall RPs. The intramural myocytes, due to their three dimensional organisation 
mayy be more effectively shortened by electrotonic interaction with more neighbouring 
myocytes.. As a result RP increases, but not as much as in the sub-epicardial 
myocytes.. Furthermore, both sub-epicardial and midmyocardial RP were not as long 
ass the intrinsic APD, indicating that electrical coupling/electrotonic interaction must 
stilll be present, despite the decrease in midmyocardial intercellular coupling. Thus, 
thee heterogeneous reduction in Cx43 expression contributes to an increased 
intramurall dispersion in RPs. 

ConductionConduction velocity 

CVV and Cx43 expression are positively correlated (6 27"29). Sub-epicardial conduction 
wass increased in HF, which in this model is due to an increase in myocyte size and 
unalteredd Cx43 expression in the sub-epicadial layer of the left ventricle (15). Other 
investigatorss reported no change in sub-epicardial CV (3031) or even a decrease 
(32:33).. The average GTM was not different between control and HF in our study. In 
contrast,, in patients with severe HF 0TM was decreased (34). This discrepancy could 
bee explained by the fact that in our model the reduction of midmural Cx43 expression 
wass compensated by the increase in myocyte dimensions thus enhancing CV to 
controll values (15). However, our data show that the heterogeneous expression of 
midmyocardiall Cx43 is associated with an increased heterogeneity in 9TM during HF. 

Arrhythmias Arrhythmias 

Inductionn of a re-entrant arrhythmia is dependent on short APD, low CV and uni-
directionall block (3). Therefore we argued that arrhythmias are preferentially inducible 
fromm sites with short APD (35). In our model RPs were increased in the sub-epicardial 
andd midmyocardial layer, which is an anti-arrhythmogenic effect. However, 
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arrhythmiass were still inducible (with up to 4 premature stimuli) and were more easily 
inducedd from an intramural compared to a sub-epicardial site. This can be attributed 
too an increased transmural dispersion of RPs, which has been shown to be 
proarrhythmicc (36). The longer RPs are located in the sub-epicardial layer and the 
shorterr RPs are located in the midmyocardial layer. Furthermore, sub-epicardial 
conductionn propagation was homogeneous, whereas transmural conduction 
propagationn was heterogeneous. Additionally, the mass of the LV was increased in 
HF,, which facilitates larger reentrant pathways. 

Limitation s s 

Wee did not measure the full transmural gradient to avoid confounding effects of 
Purkinjee fibers. Therefore, we cannot exclude that other factors have contributed to 
thee T-wave inversion. 

Itt cannot be excluded that our model of HF in rabbit is not fully representative of 
humann HF, where therapy is always instituted and which is more progressed. On the 
otherr hand, it has been suggested that arrhythmogenic death compared to death 
causedd by pump failure is more prominent in moderate HF (37~39). 

Conclusio n n 

Leftt ventricular heterogeneity in refractoriness and CV, and inducibility of arrhythmias 
aree increased in moderate HF due to a heterogeneous reduction of Cx43 expression 
inn the left ventricle. Thus an agent which enhances intercellular coupling might have 
anti-arrhythmicc properties. 
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