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ABSTRACT

Purpose: This study compared patients who underwent cardiac resynchronization therapy (CRT) by high-amplitude left
ventricular (LV) pacing with those who underwent CRT by standard LV pacing.

Methods: We included 32 CRT patients with ejection fraction (EF) <35%, QRS time >120 ms, and New York Heart
Association (NYHA) class III/IV symptoms of heart failure despite optimal medical treatment. These patients were
evaluated clinically and echocardiographically before, three and six months after CRT. At the 3" month, the LV pulse
amplitude value was set high at S volt for 16 patients [high-amplitude Group (HAG)], while for the other 16 patients, it was
reduced to at least twice the threshold value at <2.5 volt [low-amplitude group (LAG)].

Results: Clinical and echocardiographic response rates of HAG and LAG after CRT were similar in the 3 and 6

I
" month.

In both groups, increase in LVEF and decrease in LV ESV in the 3* and 6" month were statistically significant compared to
those before CRT, and NYHA class and end-diastolic volume (EDV) was significantly reduced in the 6™ month compared
to those before CRT. However, NHYA class and EDV continued to reduce significantly in HAG from the 3" to the 6"
month (P<0.05), while the decrease in LAG was not significant (P>0.05). The rate of mitral regurgitation (MR) was

reduced significantly in HAG in the 6"
(P<0.0S; P>0.0S respectively).

month compared to that before CRT, while the decrease in LAG was not significant

Conclusions: CRT by high-amplitude LV pacing was more effective according to clinical and echocardiographic

evaluations. It should be considered as an alternative in non-responsive patients.

KEYWORDS

Heart failure (HF); cardiac resynchronization therapy (CRT); echocardiography; high-amplitude left ventricular pacing

J Thorac Dis 2013;5(5):650-657. doi: 10.3978]j.issn.2072-1439.2013.10.15

Introduction

Heart failure (HF) is a chronic progressive disease that affects
a large part of the population, particularly the elderly, and
it is associated with increased morbidity and mortality (1).
Developments in drug therapy play a significant role in
decreasing the mortality of HF. However, benefits of drug
therapy are limited, and other treatment methods, such as
cardiac resynchronization therapy (CRT), have been researched

for HF patients resistant to drug therapy. CRT is commonly used
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to improve the survival rate of patients who have symptomatic
HF and intraventricular conduction delay, despite medical
therapy (QRS >120 ms).

In patients with moderate and advanced HF, CRT improves
symptoms, capacity of exercise, and ventricular functions,
and reduces the frequency of hospitalization and mortality.
However, response to CRT differs from individual to individual.
Approximately, 20-30% of patients who undergo CRT do not
response to the treatment during clinical follow-up (2-4).

High-amplitude LV pulse is considered to provide faster
conduction in patients undergoing CRT, and the myocardium
cells in a wider area can be simultaneously stimulated as a
result of this (5,6). We planned this study on the basis of the
hypothesis that high-amplitude LV pacing would further reduce
electrical and mechanical dyssynchrony, and positively affect LV
systolic and functions diastolic.

Thus, here, we compare the effects of standard LV pacing
amplitude with those of high LV pacing amplitude in order to
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improve the response rate to CRT, which is a proven effective
treatment for HF.

This randomised controlled study was performed at 900-bed
university hospital.

Patient selection

We initially included 46 CRT patients with ejection fraction
(EF) <35%, QRS time >120 ms, and NYHA class II1I/IV
symptoms of HF, despite optimal medical treatment. Of
these patients, seven were lost to CRT follow-up, four due to
high LV threshold, three due to lead dislocation.. All patients
were physically examined in detail; their height and weight
were recorded, and they underwent standard 12-derivation
electrocardiography. The patients were evaluated clinically
and echocardiographically before, three and six months after
CRT, and their pacemaker was adjusted. LV pulse amplitude
of all patients was initially kept high (=5 V). At the 3" month,
randomly selected 16 patients LV pulse amplitude (>5 V) was
not changed [high-amplitude group (HAG)].

The LV pulse amplitude of other 16 patients, who had a suitable
threshold, was reduced at least twice the threshold (<2.5 V)
[low-amplitude group (LAG)]. Patients who had a survival time
of less than six months, a severe psychiatric disorder, and who
did not consent to this treatment were excluded from the study.

Implantation of the pacemaker

The CRT system was implanted in a standard fashion, CRT-D
was implanted in 14 patients (87.5%) in HAG and ten patients
(62.5%) in LAG. Implantations were performed to the rest of
the patients in both groups. After implantation, right atrium
(RA), RV, and LV amplitudes were adjusted to 3.5, 3.5,and 5.0V,

respectively.
Echocardiography

All patients underwent a transthoracic echocardiography in the
3" and 6" month before and after CRT. Echocardiography was
performed by two cardiologists who were blinded to the clinical
data (FA and HZ). Parasternal long and short axes, apical two
and four chamber echocardiographic views were obtained using
the 2.5-3.5 MHz transducer and Vingmed system Vivid-5 (GE
Ultrasound; Horten, Norway) echocardiography device, while
echocardiographic examination was performed in the left lateral
decubitus position. Evaluations were made using M-mode, two-
dimensional, pulse wave (PW) Doppler, color Doppler, and
PW tissue Doppler echocardiography. LV end-diastolic and end-

systolic diameters were recorded using M-mode echocardiography
on the parasternal long axis at the mitral chordal level. Left
atrium anteroposterior diameter measured on the parasternal
long axis was obtained using two-dimensional echocardiography.
Endocardial borders were drawn on end-diastole and end-systole
images with apical four chamber echocardiographic views, and
end-diastolic and end-systolic volumes and EF were calculated by
modified Simpson method (7).

Left ventricular filling time (LVFT) was measured using
transmitral Doppler echocardiography. The ratio of LVFT to
cardiac cycle length (RR) <40% was defined as atrioventricular
dyssynchrony (8). The period between contractions of the
septum and the posterior wall was calculated as septum-
posterior wall motion delay (SPWMD) at the papillary muscular
level on the parasternal short and long axes (9). This period
being >130 ms was considered an indication of intraventricular
dyssynchrony. The periods between QRS onset on pulse wave
Doppler echocardiography at the aortic and pulmonary valve
levels and the ejection onset were determined to be aortic
and pulmonary pre-ejection time, respectively. The period
between aortic pre-ejection time and pulmonary pre-ejection
time was defined as interventricular motion delay (IVMD).
This period being >40 ms was considered an indication of
intraventricular dyssynchrony (10,11). Using PW tissue doppler
echocardiography, the sample volume was placed in the basal
portions of the septal and lateral walls (using the 4-chamber
images), to derive velocity profiles. Timing of peak systolic
velocity was measured from the onset of the QRS complex to the
peak systolic velocity and expressed in milliseconds. A delay of
>65 ms between the timing of the peak systolic velocities of the
septum and the lateral wall was considered as intraventricular
dyssynchrony (12).

Myocardial performance index (MPI) was defined as the
sum of isovolumic contraction time (IVCT) and isovolumic
relaxation time (IVRT) divided by the ejection time (ET)
[MPI = (IVRT + IVCT)/ET]. MPI >0.5 was considered to be
abnormal. MPI was calculated for both the left ventricle and right
ventricle. The normal values are 0.28+0.04 and an increase was
considered abnormal (13-15). Mitral regurgitation (MR) was
evaluated qualitatively using color Doppler echocardiography
and MR jet length. Systolic pulmonary artery pressure was
estimated using tricuspid regurgitation jet velocity (TRV)
based on the simplified Bernoulli’s equation [4x (TRV)® + RA
pressure] (16,17).

Response definition

Decrease in NHYA class by one or more in the sixth month was
defined as clinical response, and decrease in the LV end-systolic
volume (ESV) by >15% was defined as echocardiographic

response.
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Table 1. Basic characteristics of the patients.
HAG (n=16) LAG (n=16) P
Age (years) 66.3+8.1 63.6+7.0 0.40
Gender
Female (%) 5(31.3%) 10 (62.5%) e
Male (%) Il (68.8%) 6 (37.5%)
Cause of CMP
Ischemic CMP 8 (50%) 7 (43.7%) 0.72
Non- ischemic CMP 8 (50%) 9 (56.3%)
HT 10 (62.5%) 10 (62.5%) 1.0
DM 3 (18.8%) 531.3%) 04l
AF 4 (12.5%) 4 (12.5%) 1.0
CKD 2 (12.5%) 2 (12.5%) 1.0
COPD 2 (12.5%) 0 0.14
QRS time 155.6+17.9 153.7x145 0.40
Treatment
Beta blocker 15 (93.7%) 15 (93.7%) 1.0
Digoxin 4 (25%) 7(43.8%) 0.26
ACE/ARB 16 (100%) 16 (100%) 1.0
Spironolactone I'l (68.8%) 12 (75%) 0.69
ASA 9 (56.3) 7 (43,8) 0.48
Furosemide 14 (87.5%) 14 (87.5%) 1.0
Amiodarone 2 (12.5%) 5(31.3%) 0.2
Statin 4 (25%) 7(43.8%) 0.26
NYHA class
I 15(93.75%) 12 (75%) 0.14
v | (6.25%) 4 (25%)
HAG, high-amplitude Group; LAG, low-amplitude group; CMP,
cardiomyopathy; HT, hypertension; DM, diabetes mellitus;
AF, atrial fibrillation; CKD, Chronic kidney disease; COPD,
Chronic obstructive pulmonary disease; ACE/ARB, angiotensin-
converting enzyme/angiotensin receptor blockers; ASA,
acetylsalicylic acid; NYHA, The New York Heart Association.

Statistical analyses

Compliance of data with the normal distribution was assessed
by Shapiro-Wilk normal distribution test. The numerical values
with normal distribution are presented as mean * standard
deviation, and those with non-normal distribution are presented
as median (minimum-maximum). Mann-Whitney U and t-tests
were used for comparison of the groups. For repeated measures,
ANOVA (repeated measures with ANOVA or paired sample
t-test) and Wilcoxon tests were used to compare variables in
different periods between the groups. Multivariate analysis
was used to assess the response predictability of dyssynchrony
parameters (SPWMD, IVMD, PW tissue doppler septal-lateral,

and LVFT/RR) to CRT between groups. Chi-square test was
used to assess whether there was a difference in the cause of HF
and the accompanying diseases between the groups. SPSS 15.0
statistical software was used for assessment of data, and P<0.05

was considered statistically significant.

The basic characteristics of the patients, such as age, gender,
height, and weight, were similar between the two groups. In both
groups, 12 patients had normal sinus rhythm and four had atrial
fibrillation (AF). No significant differences were found between
HAG and LAG in terms of prevalence of chronic renal failure
(12.5% vs. 12.5%, P>0.05) and chronic obstructive pulmonary
disease (COPD) (12.5% vs. 0%, P>0.05). Table 1 summarizes
the basic characteristics of the patients included in the study.

Basic echocardiography parameters of both groups were
similar in the assessment made prior to CRT (Table 2).

Basic pace parameters recorded during the implantation
of biventricular pacemaker were similar in HAG and in LAG.
Parameters of the pacemaker are shown in the Table 3.

Onset within and between the groups and echocardiographic
parameters in the 3" and 6" month are presented in Table 4. On
comparing the two groups within the same periods (baseline,
3" month, and 6" month), no statistically significant differences
were found in the values of LV EF, LV ESV, LV EDV, PAP, LV
MPI, and RV MPL

On comparing the parameter values of different periods
within the same group, increase in LV EF and decrease in LV
ESV at baseline, 3* month, and 6™ month were found to be
statistically significant in both groups (P<0.01). Decrease in
EDV was significant in HAG in the periods between baseline,
3 'month, and 6" month (P<0.01). Decrease in EDV was
statistically significant in LAG in the 3 and 6" month compared
to onset (P<0.05); however, decrease in the same parameter in
the period between the 3* and 6" month was not statistically
significant (P>0.05) (Figure 1).

Decrease in PAP in the 3™ and 6™ month was significant
in both groups compared to onset (P<0.01 and P<0.05,
respectively). Decrease in the period between the 3 and 6"
month was not statistically significant in either group.

Difference in LV MPI between the periods was not significant
in both groups. Decrease in RV MPI in the 6" month was
significant in HAG compared to the onset (P<0.05); however
was not significant in LAG (Figure 2).

Decrease in MR in HAG was statistically significant in the 6"
month compared to onset while decrease in MR in LAG was not
statistically significant in the same period (P=0.008 and P=0.09,
respectively) (Figure 3).

In the correlation analysis, performed using the data of both

groups, statistically significant positive correlation was observed
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Table 2. Basic echocardiography parameters of the patients.

HAG (n=16) LAG (n=16) P
LVEF % 26+6.6 24.6+5.1 0.46
LVEDD (mm) 65.3+7.6 64.1x7.3 0.64
LVESD (mm) 57.3+10.3  54.2%8.2 0.36
LVEDV (mL) 175+49.2 176+51.8 0.93
LVESV (mL) 129+40.5 132.5+43.03 0.44
LA diameter (mm) 49.2+8.1 48.1x6.4 0.94
RV diameter (mm) 349+7.9 32.6+3.4 0.22
MR 2.2+0.9 2.3+0.8 0.83
PAP (mmHg) 41.8x122  43.1x125 0.77
LV MPI 0.9+0.39  0.79+0.24 0.34
RV MPI 0.94+0.4 0.75+0.28 0.33
SPWMD (short axis) 180+83 213+88 0.28
SPWMD (long axis) 18677 208+84 0.46
IVMD (ms) 47.1£246  62.3+16.3 0.08
LVFT/RR 0.48+0.07 0.48+0.08 0.86
E/E 14.5+5.2 14.5+4.6 0.99

83+48 70.4x4| 0.43
HAG, high-amplitude Group; LAG, low-amplitude group;
LVEEF, left ventricular ejection fraction; LVEDD, left ventricular

Ts (lateral-septal) (ms)

end diastolic diameter; LVESD, left ventricular end systolic
diameter; LVEDV, left ventricular end diastolic volume; LVESY,
left ventricular end systolic volume; LA, left atrium; RV, right
ventricle; MR, mitral regurgitation; PAP, pulmonary artery
pressure; LVMPI, left ventricle myocardial performance index;
RVMP], right ventricle myocardial performance index; SPWMD,
septum-posterior wall motion delay; IVMD, intraventricular
motion delay; LVFT/RR, Left ventricular filling time/cardiac
cycle length; Ts, tissue Doppler.

Table 3. Parameters of the pacemaker.

HAG (n=16) LAG (n=16) P
LV threshold 1.5%1 I.15+0.5 0.50
RV threshold 0.7+0.2 0.9+0.25 0.06
A threshold 1+0.8 0.9+0.4 0.66
LV impedance 1,163+305 1,011£391 0.42
RV impedance 934+230 875+268 0.51
A impedance 587128 544+82 0.28

HAG, high-amplitude Group; LAG, low-amplitude group; LV, left

ventricle; RV, right ventricular; A, atrium.

in terms of percentage change in ESV in the 3" and 6" month
before and after CRT, along with an improvement in NYHA
functional class. The lower the EF, the higher the LV ESV and
LV EDV at onset; increase in EF had a statistically significant
correlation in the 3" and 6" month after CRT.
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Table 4. Comparison of basic echocardiographic parameters in the
3*and 6" month in and between the groups.
HAG (n=16) LAG (n=16)
Month P
Mean Mean
LV EF 0 26.19+6.67 24.63+5.19 0.46
3 35.56+5.84 34.38+5.15 0.54
6 40.69+6.22 39.69+5.82 0.64
P<0.01 P<0.01
LVESV 0 129.38+40.54 132.50+43.03 0.83
3 94.13+29.80 105.19+30.33  0.31
6 77.50+26.36 89.88+28.06 0.21
P<0.0l P<0.01l
LVEDV 0 175.00+49.21 176.56+51.88¢ 0.93
3 144.63+36.54 159.69+40.58 0.28
6 129.00+33.43 145.31+37.23 0.20
P<0.01 P<0.05
PAP 0 41.88+12.23*  43.13 =12.50° 0.78
3 35.94+12.28 37.81x11.83 0.66
6 32.88+8.22 34.06+9.53 0.71
P<0.0l P<0.05
LVMPI 0.90+0.40 0.79+0.24 0.35
1.45+2.31 0.69+0.21 0.20
6 0.71+0.354 0.66+0.27 0.65
P>0.05 P>0.05
RVMPI 0 0.94+0.45" 0.76+0.29 0.17
0.86+0.43 0.71+0.29 0.27
6 0.65+0.33 0.65+0.27 0.98
P<0.05 P>0.05
HAG, high-amplitude Group; LAG, low-amplitude group;
LVEF, left ventricular ejection fraction; LVESV, left ventricular
end systolic volume; LVEDV, left ventricular end diastolic
volume; PAP, pulmonary artery pressure; LVMPI, left ventricle
myocardial performance index; RVMP], right ventricle myocardial
performance index. *, P value was <0.01 in the period between the
0 to 3" month and 0 to 6™ month while it was >0.05 in the period
between the 3" and 6" month; ?, P value was <0.05 in the period
between the 0 to 3" month and 0 to 6™ month while it was >0.05
in the period between the 3" and 6™ month; *, P value was >0.05 in
the period between the 0 to 3" month and 3" to 6™ month while it
was <0.05 in the period between the 0 and 6" month.

With respect to changes in EF and ESV as echocardiographic
response criteria of the patients to CRT, none of the variables
of dyssynchrony parameters, including SPWMD (short and
long axes), IVMD, LVFT/RR were statistically significant
in predicting the response to CRT, according to multivariate
analysis. On the other hand, the length of SPWMD (long axis)
was found to be a better predictor of the percentage change in EF

compared to other parameters (P=0.066).
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Figure 3. Changes in mean MR of high- and low-amplitude groups
between baseline and the 6" month evaluation. MR, mitral regurgitation.

No significant differences were found between HAG and LAG
on assessment of patients for clinical and echocardiographic
response in the 6" month before and after CRT. In addition, no
significant differences were found in both groups when ischemic

patients were compared with non- ischemic patients (Table S).

In this study, we demonstrate that CRT performed with high-
amplitude LV pacing gave more favorable values of clinical and
echocardiographic parameters than did CRT performed with
standard LV pacing. This is the first study evaluated the effect of
high amplitude LV pacing on end points.

CRT has been shown to improve quality of life, exercise
performance, and LVEF in NYHA class III and IV HF patients
with intraventricular conduction defect, and reduce mortality
and hospitalization associated with HF (4,18,19). However,
approximately 20-30% of patients receiving CRT do not benefit
from this therapy clinically (3,4).

This study was based on the notion that in patients undergoing
CRT, LV pacing treatment would simultaneously stimulate the
myocardium cells in a wider area through high pulse amplitude
and provide faster conduction, and consequently, electrical and
mechanical dyssynchrony would reduce further, resulting in
a more positive effect on LV functions. Using this hypothesis,
treatments using high- and low-amplitude LV pacing were
compared and differences in clinical and echocardiographic
responses of patients to CRT were studied.

In CARE-HF and REVERSE studies, which consider the
effects of CRT over remodeling of LV, significant improvements
in LV size and function, LVEF, RV function, LV size, and severity
of MR were seen in the patients who received CRT compared to
those who underwent ICD implantation alone (20,21). In our
study, an increase in LV EF and a significant decrease in LV ESV;
LV EDV, MR, and PAP were observed in both groups.

Our study is the first to assess the effect of high pulse amplitude
and LV pacing over the response to CRT. Sauer et al. (S) showed
in one of their studies that high LV pacemaker output stimulated
a greater myocardial area to obtain a faster conduction. The
study was performed on 42 patients who had received CRT, and
examination of the RV electrogram of these patients revealed
a significant decrease in interventricular conduction time.
However, how this affected synchronization was not evaluated.
In our study, we aimed to evaluate the contribution of this effect
to the clinical and echocardiographic response. No statistically
significant differences were noted in the increase in EF and the
decrease in ESV between HAG and LAG patients. While the
decrease in EDV was statistically significant in HAG between the
3" and the 6" month, it was not statistically significant in LAG
during the same period. EDV continued to reduce even after the
3" month in HAG, but the decrease was not significant in LAG
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Table §. Clinical and echocardiographic response rates in the groups in the 6™ month before and after CRT.
Echocardiographic response Clinical response P value
HAG (n=16) 13 (81%) 15 (93%) >0.05
Ischemic CMP (n=8) 7 (88%) 7 (88%) >0.05
Non-ischemic CMP (n=8) 6 (65%) 8 (100%) >0.05
LAG (n=16) 12 (75%) 15 (93%) >0.05
Ischemic CMP (n=7) 4 (57%) 6 (86%) >0.05
Non-ischemic CMP (n=9) 8 (89%) 9 (100%) >0.05
CRT, cardiac resynchronization therapy, HAG, high-amplitude Group, LAG, low-amplitude group.

where pulse amplitude was reduced. The decrease in EDV in LAG
patients after the 3" month was not due to the decreased LV pulse
amplitude. These improvements in LV functions of HAG patients
was considered to be a positive effect of high-amplitude pace.

In this study clinical and echocardiographic response was
similar in two groups. This may be related with small size of
cohort and short follow up period.

MPI is an important parameter that indicates the systolic
and diastolic functions of both the RV and LV. The MPI was
significantly higher in the patient group in a study where patients
with idiopathic dilated cardiomyopathy and normal subjects were
investigated. The same study also reported that the most important
determinants of the endpoints of cardiac transplantation
and cardiac- or non-cardiac-related mortality of unknown
cause during the S-year follow-up were MPI and LV EF (22).
In another study, the mean MPI value was 1.06 in patients with
severe dilated cardiomyopathy, 0.59 in patients with moderate
dilated cardiomyopathy, and 0.39 in normal subjects, indicating
a significant difference between the groups (23). MPI appears
to be a useful parameter for the follow-up of patients with HE. In
our study, decrease in RV MPI in the 6" month was statistically
significant in HAG patients, while no significant decrease in
LAG patients was observed. This decrease in MPI in HAG
patients might have arisen from an indirect positive effect of
high-amplitude LV pacing over RV systolic functions. On the
other hand, one study reported that CRT not only stimulates
reverse LV remodeling but also results in significant RV reverse
remodeling (24). Lower RV MPI in HAG patients suggests that
the effect of high-amplitude pacing is more significant on RV
reverse remodeling.

Functional MR is very common in patients with HF.
Moderate advanced MR is responsible for the progression of
HF, aggravation of symptoms, and adverse events. CRT has a
potential to reverse the degree of MR (25). In our study, decrease
in MR at the six-month follow-up was statistically significant
in HAG patients, not in LAG patients. Absence of the positive
effects of high-amplitude LV pacing in LAG patients supports
our hypothesis that high LV pacing could be more effective in

improving patients’ response to CRT.

The response rates of patients with ischemic and non-ischemic
cardiomyopathy to CRT are different. In the study by Sauer et al,
the decrease in the interventricular conduction time in patients
with ischemic cardiomyopathy was found to be statistically
significant compared to the decrease in patients with non-ischemic
cardiomyopathy (5). This difference may be due to the presence
of more scar tissues in the area where the LV lead is placed in the
patients with ischemic cardiomyopathy, and due to a change in
the LV depolarization time caused by stimulating the high LV
pulse amplitude (S). In the studies by MUSTIC and MIRACLE,
improvement in LV systolic functions was more significant in
patients with non-ischemic cardiomyopathy compared to patients
with ischemic cardiomyopathy (26,27). Similarly, in the subgroup
analysis of the PROSPECT study, clinical and echocardiographic
response rates were found to be higher in the non-ischemic
cardiomyopathy group than in the ischemic group (28).
This result is probably associated with the presence of a considerable
amount of scar tissue, which limits LV remodeling in patients with
ischemic cardiomyopathy (29-31). Considering the etiologic
characteristics of the patients in our study, 50% of the patients
in HAG and 56.3% in LAG were non-ischemic. In our study,
when we compared patients with ischemic etiology, who were
expected to exhibit better synchronization following stimulation
by high LV pulse amplitude, with patients with non-ischemic
etiology for echocardiographic response, the response
rates of the former was not statistically significant yet it was
quantitatively higher. It may be related with small sample sizes
and short follow-up periods. No statistically significant difference
was observed between patients with ischemic and non-ischemic
etiology in the LAG for clinical and echocardiographic response.

The life of the pacemaker battery is significantly reduced when
pulse amplitude value is adjusted to >2.5 V (32). Therefore,
setting a high voltage for each patient may require frequent
replacement of the battery. This is disadvantageous as it bears an
additional cost and involves more work. Thus, high-amplitude
LV pacing should be considered only for patients non-responsive
to conventional CRT.

In order to assess the effects of high-amplitude LV pacing on

both patients with ischemic and non-ischemic cardiomyopathy,
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a wider range of randomized controlled studies with long-term
follow up need to be assessed.

This study had three limitations. Firstly, this study was
conducted only on a small size of CRT patients. Secondly, we
only followed these patients for a period of three months with
different pacing outputs, which may not be enough time to
demonstrate a difference. Thirdly, electrical activation patterns
not been assessed between the LAG and HAG might this have
provided additional proof that high output pacing recruits more
myocardium, thus supporting the hypotheisis.

Conclusions

The present study is the first to assess the clinical and
echocardiographic effects of a biventricular pacemaker
administrated with high LV pulse amplitude. In this prospective
study, we shown that CRT performed with high-amplitude LV
pacing gave more favorable values of clinical and echocardiographic
parameters than did CRT performed with standard LV pacing. In
light of these findings, LV pacing with high-amplitude appears to

be useful at least for patients non-responsive to conventional CRT.
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