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Introduction: Conventional, atrial-synchronised, right ventricular apical pacing (VP) may compromise ventricular function by causing ventricular desynchronisation. The aim of this study was to evaluate the longterm effects of VP on left and right ventricular systolic and diastolic function.
Methods: We studied 21 clinically stable dual-chamber pacemaker recipients (mean age 68 ± 9 years) with
normal left ventricular (LV) systolic function. Patients were in long-term sinus rhythm and had intrinsic ventricular activation with narrow QRS complexes. In an intrapatient model, baseline echocardiographic and tissue Doppler imaging (TDI), colour M-Mode (CMM) examinations, as well as plasma B-type natriuretic peptide (BNP) data, were compared to corresponding measurements following a 3-month period of continuous
VP.
Results: Following VP we noted significant increases in LV end-systolic volume (p<0.001) and isovolumic
relaxation time (p<0.05), as well as a significant decline in LV systolic function based on ejection fraction
(p<0.001) and TDI-Sa (p<0.05). VP was associated with worse LV diastolic function, based on CMM-Vp
(p<0.05) and increased E/Vp ratio (p<0.05), but with similar E/Ea ratio and BNP levels (p: NS).
Conclusions: VP appears to impair LV systolic and diastolic function and may predispose to higher LV filling
pressures.
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D

ual-chamber pacing compared to
asynchronous ventricular pacing
for patients with sick sinus syndrome has been shown to reduce both
hospital admissions related to heart failure and the incidence of atrial fibrillation,
as well as improving quality of life. 1-3
Available evidence also suggests an unfavourable linkage between atrial-synchronised right ventricular apical pacing
(VP) and an increased risk of heart failure, largely for patients with underlying

heart disease.4-6 It remains to be clarified
to what extent the concept of the adverse
effects of ventricular desynchronisation
imposed by VP could also be applied to
patients with normal left ventricular (LV)
function. In a recent randomised trial,7 in
which almost the half the patients were
without organic heart disease, although
there was decreased LV fractional shortening in VP patients compared to those
with a normal ventricular activation sequence, the occurrence of congestive
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heart failure did not differ between the patient
groups. Other studies failed to demonstrate significant haemodynamic or functional changes induced by
VP that would imply that VP predisposes to heart
failure development in patients with normal LV systolic function.8-10 In particular, the issue of the effects
of VP on cardiac diastolic function has not been fully
studied, since previous studies did not employ a comprehensive echo-Doppler assessment including more
specific data deriving from tissue Doppler imaging
(TDI) and colour M-Mode (CMM) echocardiography.11,12
The aim of this study was to evaluate the longterm effects of VP on left and right ventricular systolic and diastolic function in usual dual-chamber
pacemaker recipients with normal LV systolic function, using serial echocardiographic Doppler data and
measurements of plasma B-type natriuretic peptide
(BNP).
Patients and methods
We prospectively studied 21 ambulatory patients, 8
men, 13 women, mean age 66 ± 7 years (range 52-83
years), who underwent conventional dual-chamber
pacemaker implantation for sick sinus syndrome at
least 6 months prior to entering the study. All patients had intrinsic ventricular activation with normal
atrioventricular (AV) conduction (PQ interval ≤220
ms) and had narrow QRS complexes (<120 ms). The
devices were programmed at the time of implantation
with a non-functional ventricular pacing mode by setting a long AV delay >220 ms. Patients were included
in the study if they did not have any history of organic
heart disease or heart failure, and if they had a normal LV ejection fraction (≥55%), as assessed by
echocardiography, in the absence of regional LV wall
contraction abnormalities. Eligible patients were clinically stable as outpatients, they did not take antiarrhythmic drugs, and they had their medications unchanged for at least 3 months prior to entering the
study. Patients were excluded if they had abnormal
AV conduction, hepatic or pulmonary disease or
acute metabolic disorder, renal impairment (serum
creatinine concentration >2.0 mg/dl), or symptoms or
signs of overt heart failure on the basis of physical examination and chest X-ray. Verification of the stability of the underlying cardiac rhythm was performed by
documentation of previous 12-lead electrocardiograms, Holter recordings and interrogation of the intracardiac heart rate as well as event histograms. All
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pacemakers had an active single activity sensor which
was programmed at a medium rate responsive slope.
Study protocol
The study was designed to assess the short-term (2
hours) and long-term (minimum 3 months) VP effects on left and right ventricular systolic and diastolic
function and to compared them to baseline intrinsic
ventricular activation. Clinical, echocardiographic
and BNP measurements, together with pacemaker interrogation, were assessed at the following three time
points: baseline, short-term and long-term. At each
follow-up evaluation ventricular capture was confirmed on a standard 12-lead electrocardiogram, and
the number of sensed and paced events was retrieved
from the pacemaker event counters. Written informed consent was obtained from all patients. The
local research ethics committee approved the study
protocol.
Baseline studies were performed during intrinsic
ventricular activation with the devices programmed to
back up ventricular pacing. To achieve permanent
and complete ventricular capture, the AV delay of
the devices was programmed shorter, at rate adaptive
values of 90-160 ms. For the short-term evaluation,
patients were re-studied after a 2-hour resting period
during which their tolerance to VP was evaluated.
Upon completion of the short-term evaluation, patients were sent home with the device’s rate-response
function being active, the AV delay set to 90-160 ms,
and the lower and upper rate limits left unchanged
throughout the study at uniform values of 60 and 125
beats/min. Patients were asked to express their preferred pacing mode on the basis of direct questioning.
BNP analysis and echocardiography
Patients were examined in a supine position after a
minimum period of 30 minutes under standardised
conditions and continuous ECG monitoring. Venous
blood samples were obtained for plasma BNP measurement using a quantitative fluorescence immunoassay kit, the Triage B-Type Natriuretic Peptide
test (Biosite Diagnostics, San Diego CA, USA).13 All
BNP assays were analysed immediately after sampling.
Conventional M-mode, 2-dimensional and Doppler echocardiography, including TDI and CMM
were performed using the commercially available
EnVisor C HD machine (Philips Medical Systems,
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Andover MA, USA), operating at 2.5 MHz. All standard measurements were obtained from parasternal
long- and short-axis views and apical 4- and 2-chamber views. M-mode was obtained for left and right
ventricular end-diastolic diameters (LV-EDD and
RV-EDD), left atrium dimension (LA), and interventricular septum and posterior wall thickness. The LV
cardiac output (CO) was calculated from the systolic
integral velocity in the outflow tract. The LV end-systolic and end-diastolic volumes (LV-EDV and LVESV), and the ejection fraction (LV-EF) were estimated using Simpson’s biplane method. The pulsedwave Doppler transmitral velocity profile was performed to record transmitral peak early (E) and late
diastolic velocity (A), the deceleration time (DT) and
the E/A ratio. The LV isovolumic relaxation time
(IVRT) was measured with continuous wave Doppler
as the interval between the end of ejection and the
onset of mitral inflow. The propagation velocity of
early flow into the LV cavity (CMM-Vp) was measured from CMM images. The peak systolic and early
diastolic velocities of the filling wave were measured
by TDI at the septal and lateral mitral annulus in order to calculate the average TDI-Sa and TDI-Ea, respectively. The TDI-Sa index has been shown to reflect global LV contractility. 14 We used the ratios
E/Ea and E/Vp to estimate LV filling pressures.11,12
Peak systolic and diastolic tricuspid annulus velocities
were obtained from TDI (TDI-RVs and TDI-RVd)
to evaluate right ventricular function.15 At least three
consecutive measurements were averaged for each
echocardiographic parameter by an experienced cardiologist who was unaware of the clinical data.
Statistical analysis
Results are presented as mean ± standard deviation.
Patients were used as their own controls. One-way
analysis of variance with post-hoc adjustment using
the Student-Newman-Keuls test was performed to
compare baseline, short-term and long-term pacing
data. BNP levels are expressed as median values
(25%-75%). A p-value <0.05 was considered statistically significant.
Results
Patient characteristics
Patients had undergone dual-chamber pacemaker implantation 7.8 ± 1.5 months (range, 6-11 months) be-

fore entering the study. Ventricular leads were placed
in the right ventricular apex region while screw-in
atrial leads were positioned in the right atrial appendage. Before pacemaker implantation, patients
had mean PR interval 190 ± 16 ms and QRS complex
95 ± 14 ms. At baseline evaluation, patients had LV
mass index 109 ± 19 g/m2, septal thickness 9.2 ± 1.1
mm, and posterior wall thickness 9.1 ± 0.9 mm. Baseline cumulative percent atrial pacing was 85 ± 11%
(range 65-97%) and ventricular pacing 6 ± 4% (range
1-13%).
Ventricular pacing during the short-term evaluation was 100%, inducing significant prolongation of
the QRS duration to 162 ± 24 ms (p<0.001 vs. baseline) without affecting mean blood pressure measurements (105 ± 6 mmHg vs. 103 ± 5 mmHg, respectively, p: NS). Patients completed the follow-up evaluation at a mean of 3.5 ± 0.5 months (range, 3-4
months). Over the long-term evaluation, the cumulative percentage for atrial pacing was 82 ± 13% (range
50-85%) and for ventricular pacing 98 ± 2% (range
96-100%).
No complications linked to the pacing system
function were noted, and all patients maintained AV
pacing throughout the study period. With regard to
symptoms, 3 patients (14%) complained of palpitations at the beginning of VP. At the end of the study,
similar numbers of patients expressed preference for
the rhythm with intrinsic ventricular activation (6 patients) and for VP (4 patients), while the rest expressed no particular preference.
Echocardiographic parameters and BNP levels
The effects of VP on the echocardiographic variables
and the BNP levels are shown in Table 1. Overall,
short-term VP did not change any variable from baseline significantly.
At long-term follow-up, VP did not significantly
change atrial, or right and left ventricular dimensions
(p: NS). Regarding systolic function, VP resulted in a
significant increase of LV-ESV (p<0.001) and a reduction of LV-EF (p<0.001), but was not associated
with significant changes in CO. Regarding TDI, VP
was associated with a significant reduction in mean
TDI-Sa (p<0.05), but not in TDI-RVs (p: NS). Regarding diastolic function, VP resulted in a significant
increase of IVRT (p<0.05), whereas DT showed a
non-significant trend to higher values (p: 0.06). No
significant changes were noted in peak Doppler E
and A velocities, TDI-Ea or TDI-RVd (p: NS). In ad(Hellenic Journal of Cardiology) HJC ñ 337
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Table 1. Echocardiographic parameters and B-type natriuretic peptide (BNP) levels.

HR (beats/min)
LV-EDD (mm)
RV-EDD (mm)
LA (mm)
LV-EDV (ml)
LV-ESV (ml)
LV-EF (%)
CO (l/min)
E/A
DT (ms)
IVRT (ms)
MR (4-grade score)
TDI-Sa (cm/s)
TDI-Ea (cm/s)
TDI-RVs (cm/s)
TDI-RVd (cm/s)
CMM-Vp (cm/s)
E/Ea
E/Vp
BNP (pg/ml) median (25%-75%)

Narrow QRS

Paced QRS,
short-term

Paced QRS,
long-term

p
(Narrow QRS vs.
Paced QRS, long-term)

63 ± 6
50 ± 4
37 ± 4
39 ± 5
81 ± 17
30 ± 8
64 ± 5
4.6 ± 0.6
0.92 ± 0.26
209 ± 37
112 ± 27
0.5 ± 0.5
7.6 ± 1.6
7.0 ± 1.7
13.3 ± 2.1
9.2 ± 1.6
35.0 ± 9.3
9.5 ± 2.1
1.9 ± 0.6
81 (38-143)

64 ± 6
77 ± 16
29 ± 9
62 ± 7
4.3 ± 0.7
0.89 ± 0.33
225 ± 36
127 ± 28
0.6 ± 0.5
7.6 ± 1.7
6.6 ± 1.4
12.9 ± 3.3
8.8 ± 2.5
31.4 ± 6.8
9.6 ± 2.1
1.8 ± 0.6
62 (32-130)

64 ± 5
51 ± 4
38 ± 5
40 ± 4
75 ± 28
34 ± 81
59 ± 52
4.6 ± 0.9
1.10 ± 0.56
227 ± 48
127 ± 29
0.6 ± 0.5
6.8 ± 1.42
6.7 ± 1.6
12.4 ± 2.1
10.4 ± 2.22
29.8 ± 6.9
10.6 ± 2.5
2.4 ± 0.6
132 (27-186)3

NS
NS
NS
NS
NS
<0.001
<0.001
NS
NS
NS
<0.05
NS
<0.05
NS
NS
NS
<0.05
NS
<0.05
NS

1

p<0.001, 2p<0.05, and 3p<0.01 refer to differences between Paced QRS, short-term vs. Paced QRS, long-term.
A – transmitral late diastolic velocity; CMM – colour M-Mode; CO – cardiac output; DT – early filling deceleration time; E – transmitral early diastolic velocity; Ea – TDI mean early transmitral diastolic velocity; EDD – end-diastolic diameter; EDV – end-diastolic volume; EF – ejection fraction; ESV – end-systolic volume; HR – heart rate; IVRT – isovolumic relaxation time; LA – left atrium; LV – left ventricular; MR – mitral regurgitation; E – transmitral early diastolic velocity; RA – right atrium; RV – right ventricular; RVd – peak diastolic tricuspid annulus velocity; RVs – peak systolic tricuspid annulus velocity; Sa –
TDI mean peak systolic myocardial velocity; TDI – tissue Doppler imaging; Vp – transmitral early diastolic flow propagation velocity.

dition, there was a significant reduction of the CMMVp index (p<0.05) with VP, suggesting advanced diastolic dysfunction. Both ratios E/Ea and E/Vp, indicative of LV filling pressures, increased following
VP and the value of E/Vp was significantly greater
(p<0.05).
The plasma BNP levels changed little in response
to acute VP (p: NS) and showed a tendency to increase after longer lasting VP (p: NS). Following
long-term VP, 16 patients (76%) exhibited BNP levels below 100 pg/ml. Interestingly, the remaining five
patients, with BNP levels higher than 100 pg/ml, also
had baseline levels above 100 pg/ml.
Discussion
Preventing cardiac dysfunction in pacemaker therapy
has recently become a worthwhile goal in itself. The
results of this study indicate an unfavourable link between VP and LV systolic and diastolic function in
patients with a normal LV-EF. Since ventricular dys338 ñ HJC (Hellenic Journal of Cardiology)

function has a major impact on prognosis, our study
suggests that even when AV synchrony is preserved,
VP should be avoided as much as possible.
Considering ventricular systolic function, our
findings of decreased LV-EF and TDI-Sa indexes following VP are in agreement with those of previous
studies in which ventricular stimulation was found to
affect the LV contractile efficiency negatively.9,16,17
Based on our data, it could be argued that the reduced systolic function following VP might be attributed to the significantly higher end-systolic volume,
resulting in an unfavourable rightward movement of
the ventricular pressure-volume loop. With the newly
introduced TDI-derived RVs index15 a similar negative impact of VP on right ventricular systolic function could not be demonstrated.
Abnormalities in diastolic function are increasingly recognised to play, if not a primary, a major
contributory role in heart failure development.18 To
the best of our knowledge, this is the first analysis of
diastolic cardiac function through the integrated use
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of TDI and CMM Doppler echocardiography in
dual-chamber pacemaker patients. Based on the
conventional Doppler evaluation, in agreement with
the few available data, 19,20 our findings of notable
prolongations of DT and IVRT following VP suggest retardation of LV relaxation. It is important to
consider that the progression of diastolic dysfunction is usually accompanied by both impaired LV relaxation and progressive elevation of LV filling pressures, which carry a dismal prognosis. The integration of TDI and CMM Doppler information facilitates the exact characterisation of the degree of diastolic dysfunction and helps to predict the intracardiac filling pressures non-invasively. Evidence has
been provided that the TDI-Ea and CMM-Vp indexes relate to LV relaxation,21 whereas the ratios E/Ea
and E/Vp correlate with LV filling pressures. 11,12
Therefore, our findings of decreased TDI-Ea and
CMM-Vp and increased E/Ea and E/Vp ratios in response to longer lasting VP add strength to the assumption that VP is associated with progressively
worse diastolic dysfunction. However, other conventional echocardiographic data which precluded a restrictive transmittal pattern (i.e. prolonged DT and
IVRT, normal E/A ratio) together with E/Ea ratio
values not exceeding 15, 12 imply that VP does not
lead to severely reduced LV compliance and pronounced increases of LV filling pressures. In this
study, through the TDI-RVd index,15 we have also
shown that VP may not negatively affect right ventricular diastolic function.
The evaluation of BNP in this investigation could
possibly add valuable adjunctive diagnostic and prognostic information in VP patients, since elevations of
BNP have been associated with increased LV filling
pressures. It has been suggested that BNP values of
25-62 pg/mL might be used to rule out isolated diastolic abnormalities seen on echocardiography, regardless of whether the patient has symptoms of heart
failure. 22 Our finding of a wide spread of baseline
BNP values during intrinsic ventricular activation
agrees very well with the likelihood of pre-existing diastolic abnormalities that is expected in a such an elderly pacemaker population. 18,21,22 Some previous
studies showed that VP does not significantly affect
BNP levels in patients with preserved LV-EF. 23,24
Our study showed increased BNP levels following
longer lasting VP, even though four fifths of our patients had values lower than the established cutoff of
100 pg/ml, which was the level of greatest sensitivity
and specificity for diagnosing heart failure.25 This, in

agreement with the abovementioned echo-Doppler
data, supports the concept that VP does not cause severe LV dysfunction in patients with a normal LVEF. On the other hand, patients with baseline BNP
>100 pg/ml had a further BNP increase following
longer lasting VP, which was not related to symptomatic status. In the clinical setting this suggests that
VP may be deleterious in patients with high baseline
BNP levels.
Study limitations
Although we did not individualise the AV delay in
our patients, we chose the optimal reported range,26
which has been shown to offer a haemodynamic advantage at rest and during exercise. Secondly, one
could criticise our results for applying only to resting
conditions. Nonetheless, it could be argued that even
this moderate degree of worse LV function would
gradually turn to a more severe one during exercise.
Lastly, mitral TDI measurements in this study were
obtained from the medial and lateral annulus according to a concept which has been applied in previous
landmark studies.11,12 We did not perform TDI measurements of the inferior and anterior aspects, which
would have been of some additive value for the global characterisation of patients with normal LV function, owing to time-consuming methodological constraints.
Conclusions
Our findings suggest that VP in patients with normal
LV systolic function is associated not only with reduced LV systolic function, but also with a moderate
degree of worsening LV diastolic function, possibly
triggering higher LV filling pressures. It is particularly worrying that reliance on potential discomfort
symptoms with VP appears to be inadequate, since
both modes of pacing were equally well-tolerated.
Our results attain preventive significance, since it
might be argued that such elderly pacemaker patients
with possibly pre-existing diastolic abnormalities 18
may be more vulnerable to the progression of ventricular dysfunction27 over time as a result of VP itself.
As a practical implication, concerted efforts should
be made to maintain a normal activation sequence,
particularly in patients with high BNP levels. In general, although a short AV delay is legitimate in current clinical practice, a longer AV interval should be
preferred in order to minimise VP.
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