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Abstract
Right ventricle apical pacing causes dyssynchronous left ventricle contraction. Dyssynchrony leads to 

ventricular remodeling and an overt heart failure eventually. Experimental animal studies lend the evidence that 
dyssynchronous contraction is accompanied by tremendous derangement in extracellular compartment with altered 
collagen content, activity and expression of matrix metalloproteinases and their inhibitors. The capability of some 
therapeutic agents like angiotensin converting enzyme inhibitors, angiotensin receptor blockers or beta blockers to 
prevent postinfarction left ventricle remodeling should be considered as  an anti-remodeling treatment in patients 
with implanted pacemakers and obligatory right ventricle pacing. We summarize the evidence and rationale for such 
preventive management. 
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Introduction
Permanent pacing is a life-saving and quality of life-improving 

therapy. However, in patients requiring obligatory pacing, as in complete 
atrioventricular block, significant clinical consequences might appear 
and turn into an overt heart failure. Several papers document significant 
dyssynchrony in left ventricle contraction, evidenced by tissue Doppler 
echocardiography [1,2]. Three months of atrial synchronized ventricle 
pacing are sufficient to cause left ventricle to enlarge, to decrease left 
ventricle ejection fraction, and to deteriorate its diastolic function [1]. 
Longer obligatory right ventricle apical pacing (at least five years long) 
in patients with congenital complete atrioventricular block is sufficient 
to reduce significantly cardiac output and to decrease the patients’ 
exercise capacity [2]. Tops et al. [3] using speckle-tracking strain 
analysis, have reported significant heterogeneity in time-to-peak strain 
in six myocardial segments after a mean of 3.8 years of right ventricle 
pacing. In 57% of patients in whom left ventricle (LV) dyssynchrony, 
represented by a time difference ≥130 ms between the time-to-peak 
strain of the (antero)septal and the posterolateral segments, was present 
a deterioration of left ventricle systolic function and New York Heart 
Association (NYHA) functional class was observed. Recently published 
papers [4,5] have been focused on clinical symptoms in pacemaker 
recipients. De Sa et al. [4] have reported that 40% of patients have 
worsened NYHA functional class from class I to class II-III over a 
period of 24 months along with significant increase in brain natriuretic 
peptide (BNP) concentration. Zhang et al. [5] have reported 26% 
incidence of new-onset heart failure in a group of pacemaker recipients 
with normal ejection fraction. The new-onset heart failure was 
associated with approximately 12 fold higher cardiovascular mortality. 
The ominous sequence of detrimental effect of right ventricular apical 
pacing is shown in Figure 1. As it will be discussed later, the primary 
heart compartment involved in pacing-induced remodeling, is 
extracellular matrix (ECM). It organizes and supports cardiomyocytes, 
enables their effective contraction, and serves important metabolic and 
signaling function. It consists mainly of structural proteins (type I and 
III collagen, fibronectin, laminins) and non-structural matricellular 
proteins, as well as proteinase enzymes and their inhibitors.  
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Detrimental Effect of Pacing-Underlying Mechanisms 
There are several papers elucidating the underlying mechanisms of 

detrimental effect of right ventricle apical pacing [6-8]. Tse et al. [8] 
have proved that patients with right ventricle apical pacing have had 
significantly increased perfusion defects in dipyridamole thallium 
myocardial scintigraphy along with regional wall motion abnormalities 
in radionuclide ventriculography. These changes were more pronounced 
at 18 months after pacemaker implantation. 

The animal experimental models [6,7] provide much more detailed 
characteristic of consequences of pacing. Both experiments were 
carried out in dogs, but researchers have studied different pacing sites. 
Garcia et al. [6] have used atrial and left ventricle epicardial pacing in 

Figure 1: Detrimental effect of right ventricle apical pacing.
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an open chest anesthetized dogs, as Lin et al. [7] have used obligatory 
atrial synchronized right ventricle apical pacing in dogs, which have 
been subjected to atrioventricular node ablation. Moreover, Garcia et 
al. [6] have used sonomicrometric sensors to monitor dyssynchrony of 
ventricular contraction at the pacing and remote to pacing lead areas 
of left ventricle, as well as left ventricle catheter to assess left ventricle 
pressure curve. They have proven that pacing cause’s dyskinesis at the 
pacing site and that even short stimulation time (less than four hours) 
is sufficient to induce alterations in extracellular matrix. Myocardial 
matrix metalloproteinase activity showed a sevenfold increase in 
substrate cleavage at the pacing site relative to the remote site. Gelatin 
zymography revealed increases in 92-kDa matrix metalloproteinase-9 
(MMP-9) activity and 86-kDa MMP-9 activity at the pacing site relative 
to the remote site, whereas MMP-2 activity was unaffected. Wall 
motion abnormalities, recorded at pacing site, were accompanied by 
increased collagen degradation, plasmin activity, nitrotyrosine levels, 
and inflammatory infiltrate relative to the remote site. 

Specific links for further elucidation of underlying mechanisms 
come from the results of studies on myocardial infarction. First, 
tenascin-C, one of the matricellular proteins that is barely detectable 
in adult hearts, is re-expressed after myocardial infarction [9,10]. 
Importantly, its expression is induced by mechanical stress and 
it mediates de-adhesion of cell-extracellular matrix surfaces and 
eventually leads to cardiomyocyte slippage [11]. Secondly, matrix 
metalloproteinase cleavage products, known as matricryptins are 
potent, endogenous inhibitors of angiogenesis [12]. For example, matrix 
metalloproteinase-9 acts upon collagen IV and produces tumstatin, 
an inhibitor of angiogenesis [13,14]. This may serve as simultaneous 
explanation for degradation of fibrillar content of ECM and myocardial 
perfusion defects observed by Tse et al. [8]. Although, pacing induced 
remodeling is a relatively long-lasting process and there is no evidence 
of cardiac myocyte necrosis, as observed in myocardial infarction 
setting, increased matrix metalloproteinase activity and its protein 
expression seem to play a crucial role in cardiac remodeling [15]. 

Inhibition of Matrix Metalloproteinase Activity 
The concept of matrix metalloproteinase inhibition has led to 

development of an array of MMP inhibitors that were primarily 
directed towards cancer or rheumatoid/inflammatory diseases [16-
20].  PG-116800, selective, oral MMP inhibitor, based on hydroxamic 
acid molecule, was studied in a clinical trial PREMIER [21]. Results 
of the PREMIER study (Prevention of Myocardial Infarction Early 
Remodeling) were negative and there was increased incidence of 
arthralgia and joint stiffness in the active arm participants. 

Spinale et al. [22] have studied a PD166793 MMP inhibitor in a 
pig model of rapid pacing induced heart failure. The examined MMP 
inhibitor did not completely prevent the degree of LV dilation with 
rapid pacing. Most of examined inhibitors have exhibited serious side 
effects with musculoskeletal syndrome described most often. Currently 
only one tetracycline derivative MMP inhibitor has FDA approval for 
periodontitis treatment. 

However, the report of Sawicki et al. [23] provides an excellent 
evidence for efficacy of angiotensin type 1 (AT1) receptor blockade 
with valsartan to prevent heart remodeling in ischemia-reperfusion 
induced injury in dogs. Valsartan has limited LV dysfunction, infarct 
size, increased tissue inhibitor of matrix metalloproteinase 3 (TIMP-
3) and the TIMP-3/MMP-9 ratio. The beneficial effect of valsartan 
on decreased MMP-9 activity along with improved left ventricle 
remodeling in a small group of acute myocardial infarction (AMI) 

patients treated with primary coronary intervention was reported either 
[24]. These combined data on valsartan efficacy in reducing the activity 
of matrix metalloproteinase-9, inducing activity of its natural inhibitor 
TIMP-3, paralleled with improved left ventricle hemodynamics 
observed in post- myocardial infarction remodeling should be tested 
to prevent pacing induced heart remodeling. Such a study is already 
to start [25]. The trial is powered to detect the 5% point difference in 
left ventricle ejection fraction over the 12 months. Secondary measures 
of echocardiographic assessment, MMP-9 and TIMP-3 plasma activity, 
functional capacity of participants, as well as safety issues will also be 
monitored throughout the study. 

If valsartan proves effective, it will be an attractive measure to 
improve long term prognosis in aging population and increasing 
number of pacemaker recipients. 
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