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Abstract 

Introduction: In recent decades, the dual-chamber pacemaker has become the gold standard for treating high-degree 
atrioventricular block. Despite the incredible benefits of overcoming conduction disorders, undeniable evidence has 
accumulated in recent years of negative effects of permanent right ventricular apical stimulation. The aim of our study 
was to examine the cytokines responsible for activation of the fibrotic process in patients after PPM implantation with 
apical right ventricular stimulation. 

Material and Methods: CTGF levels were investigated by enzyme-linked immunoassays in plasma from 45 patients 
(25 men, 20 women, aged 72.1±9 years) and 46 controls (24 men, 22 women, aged 71.9±8.7 years) without known 
cardiovascular diseases (except arterial hypertension, conduction disorder, indication for the procedure) at baseline 
(for patients immediately before PPM implantation), at 12 and 24 weeks. At the same visits echocardiography was 
performed. 

Results: There was no difference in baseline CTGF levels between patients and controls (312.66±15.25 vs 313.05±12.98 
p>0.05). In patients, at week 12, CTGF levels were significantly increased compared to baseline in controls 
(627.74±41.81 vs 313.05±12.98 pg/ml p<0.001). At week 24, values continued to increase, being again significantly 
higher than baseline in controls (400.83±13.29 vs 313.05±12.98 pg/ml p<0.001).   

Conclusion: Our data analysis gives us reason to conclude that there is a significant increase in the levels of the growth 
factor after PPM implantation and it plays a major role in fibrotic remodeling of the myocardium. We guess increase in 
filling pressure of the left ventricle that is followed by LA pressure load and is a prerequisite for its dilatation. 
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1. Introduction

After the invention of permanent cardiac stimulation in 1958 by Dr. Rune Elmqvist, a new era in the treatment of 
bradycardia patients began [1]. In recent decades, the dual-chamber pacemaker has become the gold standard for 
treating high-degree atrioventricular block [2]. Advances in modern medicine have led to an increase in the average 
lifespan of patients with heart diseases, causing a rise in the implantation of electronic devices [3]. Despite the incredible 
benefits of overcoming conduction disorders, undeniable evidence has accumulated in recent years of negative effects 
of permanent right ventricular apical stimulation [4]. Follow-up of patients with implanted pacemakers has shown that 
induced asynchronous ventricular contraction results in ineffective LV emptying and functional mitral regurgitation [5]. 
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This results in a 10% drop in left ventricular ejection fraction in most patients as early as the first year after implantation 
[6]. 

These data raise the issue of searching for alternative pacing sites in order to approach the physiological path of 
myocardial depolarization [7]. In recent years, the benefits of His bundle (HB) as well as left branch bundle area (LBBA) 
pacing have been proven.  At present, however, apical right ventricular stimulation still remains the main method used 
[2]. 

Over the past decade, a number of researchers have been investigating the pathophysiological mechanisms underlying 
cardiac remodeling after pacemaker implantation and their results suggest a multifactorial process [8]. A common 
principle in the development of myocardial contractility disorder is remodeling of the extracellular matrix at the 
expense of enhanced replacement interstitial fibrosis [9]. There is activation of a number of signaling molecules leading 
to increased collagen deposition in the interstitium, the expression of which is contractile dysfunction [10]. 

The above data gave us the reason to conduct the present study, the aim of which was to examine the cytokines 
responsible for activation of the fibrotic process in patients after PPM implantation with apical right ventricular 
stimulation. We studied the level dynamics of CTGF (one of the main signaling molecules involved in the profibrotic 
cascade), and sought a relationship with the echocardiographic parameters reflecting the function of the left atrium. 

2. Material and Methods 

2.1. Study design  

The study was conducted at the Cardiology Department of the Virgin Mary Hospital, Burgas, Bulgaria for the period 
March, 2019 - August, 2021. Participants were included after approval of the Research Ethics Committees at the Medical 
University of Varna 82/28.03.2019 and Virgin Mary Hospital, Burgas 502/21.03.2019 and in compliance with the 
requirements of the Helsinki Declaration (The World Medical Association Declaration of Helsinki, 2008). Participants 
over 18 years of age were included after prior explanation and signing an informed consent. 

Two groups were formed, patients and controls. The selection of study participants was based on clearly stated 
Inclusion and Exclusion Criteria (see below). 

The study design involved equalization of demographic and clinical characteristics of patients and controls in order to 
minimize selection errors and provide objective comparison [11]. This contributed to the credibility of conclusions and 
established cause and effect relationships. The control group was created to be similar to the patient group in terms of 
sex, age and comorbidities. 

For the purpose of the study, CTGF levels in peripheral venous blood taken from a cubital vein were studied in each 
participant. Transthoracic echocardiography was performed on the day after PPM in order to avoid the effect of 
atrioventricular asynchrony on left ventricular pump parameters. 

In the patient group, the indicator was determined thrice: immediately before PPM implantation (baseline or visit 1 - 
V1), at 12 (visit 2 - V2) and 24 (visit 3 - V3) weeks after implantation. In the control group, the same indicator was 
examined thrice: at baseline (visit 1 - V1), at 12 (visit 2 - V2) and 24 (visit 3 - V3) weeks after selection for the study. 
Blood was centrifuged and resulting plasma was frozen and stored according to the requirements of the applied tests. 
In the control group, an ECG and echocardiography clinical examination was performed during selection for inclusion 
in the study. At follow-up visits, blood was taken to assess fibrosis score, and participants were also questioned about 
new complaints and illnesses. 

Indication for implantation in patients included in the study was presence of complete atrioventricular block. After 
signing informed consent, they were implanted with DDDR pacemakers according to the requirements described in the 
EHRA expert consensus for the procedure [2]. This ensured sustained apical right ventricular pacing over 80% in all 
participants and was verified by telemetry at each follow-up visit. 

For the purposes of the study, all participants underwent transthoracic echocardiography on the day after implantation 
to assess LV pump parameters and determine the indexed left atrial volume, as well as to rule out structural heart 
diseases according to current recommendations [12]. Left atrial volume was used as an indirect marker to assess left 
ventricular end-diastolic pressure and impact of right ventricular apical pacing on hemodynamics [13]. The obtained 
values were normalized to the patients' body surface area and then subjected to statistical processing. All used methods 
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of echocardiographic measurements adhered to the current recommendations for evaluation of cardiac chambers 
described in the European Association of Cardiovascular Imaging [12]. 

2.2. Study population 

For the purposes of the study we screened 144 patients and selected 45 (25 men, 20 women, aged 72.18 ± 1.35 years) 
without known cardiovascular disease (except arterial hypertension and conduction disorder, indication for the 
procedure). 99 patients were excluded from the study due to presence of exclusion criteria (see below). 

We formed the control group after screening 102 patients and selecting 46 (24 men, 22 women, aged 71.96 ± 1.29 years) 
by applying inclusion and exclusion criteria. They were included in the study after signing informed consent. There had 
no anamnestic and ECG data of existing rhythm-conduction pathologies. 39 of them had arterial hypertension as a 
concomitant disease, which was optimally controlled with medications. 

For the purposes of the study, it was of utmost importance to minimize the influence of fibrotic response by medications 
and comorbidities in selected patients and controls. For this reason, both groups were treated with pharmaceuticals 
with no current evidence of direct influence on the renin-angiotensin aldosterone system (RAAS). After selection, the 
participants were treated with one or a combination of the following medications: dihydropyridine calcium antagonist 
- amlodipine, thiazide diuretic - hydrochlorothiazide and, if necessary, a centrally acting medication - methyldopa was 
added in doses necessary to achieve blood pressure control. 

2.2.1. Inclusion criteria for patients 

 Presence of complete atrioventricular block as an indication for dual-chamber pacemaker implantation. 
 Acceptable comorbidity: moderate arterial hypertension under good medical control. 
 Absence of exclusion criteria. 

2.2.2. Inclusion criteria for controls  

 Absence of anamnestic or ECG data for rhythm-conduction pathology. 
 Acceptable comorbidity: moderate arterial hypertension under good medical control. 
 Absence of exclusion criteria. 

2.2.3. Еxclusion criteria 

Presence of cardiovascular diseases: ischemic heart disease (acute coronary syndrome; experienced myocardial 
infarction, regardless of age; coronary revascularization PCI/CABG; stable angina pectoris); heart failure with depressed 
pump function; uncontrolled hypertension; inflammatory heart diseases (myocarditis, pericarditis, infectious 
endocarditis); congenital heart defects; clinically significant acquired valvular defects; cardiomyopathies; 
thromboembolic events. 

Presence of other diseases: kidney or liver failure; diseases of the central nervous system; inflammatory and/or 
infectious diseases in the last three months; neoplastic or autoimmune diseases; nutritional lung diseases; diseases of 
the endocrine system; operative intervention in the last three months; 

Pregnancy, systemic intake of NSAIDs and antithrombotic medications and mineralocorticoid antagonists. 

2.3. Collection and testing of blood samples  

Blood samples were collected from the cubital vein (left or right) with a vacutainer system. Collected venous blood 
samples were centrifuged for 15 min at 3500 rpm. The serum was frozen at  

–20 C°, and after 3 to 4 weeks transferred to storage at –80 C°. Patients meeting the inclusion criteria had 3 blood 
samples drawn as follows: at baseline before pacemaker implantation, at 12 and 24 weeks after the implantation. Same 
protocol was followed for controls. 

2.4. Laboratory procedures 

Factors studied: CTGF levels were determined by the ELISA method [14] using MyBioSource OmniKine kits for Human 
CTGF Sandwich ELISA with a detection range of 63 pg/ml to 4000 pg/ml. Before analysis, serum samples were diluted 
according to manufacturer's instructions. The study procedure is described above. 
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2.5.  Statistical analysis 

All analyses were conducted using STATISTICA 13.3.0, StatSoft Inc, USA. 

Continuous variables were expressed as mean ± standard error of the mean (SEM) and categorical variables were 
expressed as percentage of the total group. Two-tailed Student’s t-test for independent samples was used to compare 
quantitative variables measured in controls and patients. Values p<0.05 were adopted for statistically significant.  

3. Results 

There was no statistical difference (p>0.05) between patients and controls in terms of number, average age, sex and 
BMI (table 1). 

According to the study design, the patient and control groups showed no significant differences in terms of 
comorbidities (p>0.05) and antihypertensive therapy (p>0.05) (table 2). 

From the conducted transthoracic echocardiography, no significant difference was found between LV end-diastolic 
(EDV) and the end-systolic volume (ESV), as well as in ejection fraction (EF%) in patients and controls. Also, the values 
measured were within the normal range accepted by the European Association of Cardiovascular Imaging [12]. Left 
atrial end-systolic volume was measured from the apical four-chamber position using the Simpson method and was 
indexed according to subject's body surface area. For definition of reduced ejection fraction, a value below 50% was 
taken as recommended by the ESC [15]. We adopted >34 ml/m2 as definition value for increased left atrial volume, as 
recommended in the same reference. 

Table 1 Demographic characteristics of patients and controls  

 Patients  Controls P values 

Number of participants  45 46 >0.05 

Average age (years) 72.18 ± 1.35 71.96 ± 1.29 >0.05 

Men/women 25/20 24/22 >0.05 

BMI (kg/m2) 27.45 ± 0.64 26.51 ± 0.49 >0.05 

  

Table 2 Clinical characteristics of patients and controls 

 
Number of 

patients (%) 

Number of 

controls (%) 
P value 

Comorbidities 

Hypertensive disease 39 (86.66 %) 37 (80.43%) >0.05 

Antihypertensive therapy    

 Dopegit 23 (51.11%) 24 (52.17%) >0.05 

Amlodipine 35 (77.78%) 33 (71.74%) >0.05 

Hydrochlorothiazide 35 (77.78%) 35 (76.09%) >0.05 
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3.1.1. Abnormalities in CTGF levels 

 

Figure 1 CTGF values at baseline (Patients V1), at 12 weeks (Patients V2) and at 24 weeks (Patients - V3) in patients 
compared to baseline in controls (Controls V1). (*- p<0.05; ** - p<0.001; ns- statistically insignificant difference 

Figure 1 shows that there was no significant difference in baseline CTGF values between patients and controls (V1 
patients vs. V1 controls; 312.66±15.25 vs 313.05±12.98 p>0.05). At 12 weeks after PPM implantation in patients (V2 
patients), we observed significantly increased values compared to baseline in controls (see Figure 1) (627.74±41.81 vs 
313.05±12.98 pg/ml p<0.001). At week 24 post-implantation, the increase in the monitored parameter in patients (V3 
patients) was still statistically significantly higher compared to baseline in controls (V1 controls) (see Figure 1), 
(400.83±13.29 vs 313.05±12.98 pg/ml p<0.001). 

There were no significant changes in plasma levels of the indicator during the follow-up period in controls. No 
significant difference was found between the values from the second and third visits compared to baseline 
(311.02±11.47 vs 313.05±12.98 pg/ml; 324.74±14.20 vs 313.05±12.98 pg/ml p>0.05). There was also no significant 
difference in the levels of the third and second follow-up visits (324.74±14.20 vs 311.02±11.47 pg/ml, p>0.05) (see 
Figure 2). 

 

Figure 2 CTGF levels in controls: at baseline (controls V1), at 12 weeks (controls V2) and at 24 weeks (controls V3). 
ns- statistically insignificant difference 

3.1.2. Abnormalities in echocardiographic parameters 

Figure 3 shows that baseline LAVI values were significantly higher than controls (20.03±0.71 vs. 16.69±2.23 ml/m2, 
p<0.001). At the follow-up visits, respectively on the 6th, 12th and 24th weeks, the values were significantly increased 
compared to controls (Figure 3) (25.48±1.33 vs. 16.69±2.23 ml/m2, p<0.001; 27.42±1.34 vs. 16.69±2.23 ml/m2, 
p<0.001; 27.05±1.33 vs. 16.69±2.23 ml/m2, p<0.001). 
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Figure 3 Comparison of LAVI values at baseline (V1 patients), at 6 weeks (V1.1 patients), at 12 weeks (V2 patients) 
and at 24 weeks (V3 patients) with those in controls (Controls). (*- p<0.05; ** - p<0.001; ns- statistically insignificant 

difference) 

4. Discussion 

CCN proteins are a family of extracellular matrix (ECM)-associated proteins involved in intercellular signaling. The 
acronym CCN is derived from the first three members of the group, namely: CYR61 - cysteine-rich angiogenic protein 
61 or CCN1, CTGF - connective tissue growth factor or CCN2, and NOV -  nephroblastoma overexpressed or CCN3. CTGF, 
also known as CCN2, is a matrix protein that is expressed in cardiac fibroblasts and cardiomyocytes. It is involved in the 
regulation of a number of processes such as: cell adhesion, structural remodeling and production of matrix proteins in 
the ECM, angiogenesis, cell proliferation and differentiation. The presence of mechanical stressors, a number of 
cytokines, neurohumoral factors, as well as growth factors, including TGF-β1, regulate CTGF gene expression. 
Experimental animal model research of myocardial infarction has shown that both TGF-β1 and CTGF are expressed in 
cardiac fibroblasts [16]. This leads to increased fibronectin and type I and type III collagen levels in the ECM of an 
ongoing myocardial infarction. The high CTGF levels are associated with marked cardiac fibrosis, both in humans and 
animal models [17]. CTGF activation leads to fibroblast proliferation and increased collagen deposition in the ECM and 
has a synergistic effect with TGF-β1. As it became clear, CTGF takes an active part in the activation of fibrotic response 
in myocardial pathologies [18]. 

The results of our study showed an extremely early increase in CTGF levels in patients, as early as 12 weeks after 
pacemaker implantation (Figure 1), and it was statistically significant compared to baseline values in controls. At the 
24 weeks follow-up, CTGF levels in patients (Figure 1) remained significantly elevated compared to baseline in controls. 
These changes were possibly due to the activation of a cytokine response provoked by apical right ventricular 
stimulation and asynchronous ventricular contraction. To minimize the possibility that additional factors affect the 
fibrotic system in the heart muscle, only those without serious concomitant cardiovascular pathologies were included 
in our follow-up group.   

In recent decades, various techniques have been developed for accurate diagnosis of myocardial dysfunction and its 
etiology. However, echocardiography is considered the gold standard for assessing cardiac chamber size and function 
due to its ease of application, sensitivity, and specificity [19]. 

As heart failure progresses, there is an increase in LV and LA filling pressures, which leads to their remodeling. LA size 
and volume can be determined echocardiographically, and indexing the measurements to body surface area is 
recommended [20]. This enables comparison of the results between different individuals with an accepted upper 
normal limit of 34 ml/m2. LAVI (left atrial volume index) has been shown to be an independent predictor of atrial 
fibrillation, stroke, heart failure, and cardiovascular death [21]. 

The left atrium is extremely sensitive to volume and pressure loading as a result of increased left ventricular filling 
pressure [22]. Also, disruption of LA function leads to remodeling of pulmonary vessels, as well as to a decrease in their 
compliance, which leads to right ventricular pressure load and pulmonary hypertension. Therefore, early detection of 
LV dysfunction plays an important role in the evaluation of a number of heart diseases [23]. 



World Journal of Advanced Research and Reviews, 2023, 20(03), 1357–1365 

1363 

In our study, a significant LAVI increase was observed in patients compared to baseline as early as 6 weeks post-
implantation (Figure 3). This confirms the extremely early onset of LV pressure changes as a result of provoked 
asynchronous cardiac contraction, which also leads to an increase in its volume. Similar results were reported when 
comparing a group of patients with apical right ventricular stimulation and those with HBP (His Bundle Pacing), where 
cardiac contraction occurred as a result of electrical activation of the native conduction system. 24 weeks post-
implantation, there was a significant LAVI increase in the apical right ventricular pacing group and a decrease in the 
HBP group [24]. 

Non-physiological activation of the myocardium causes systolic asynchrony, disrupts its relaxation, reduces the degree 
of longitudinal shortening and circular twisting [25]. These changes affect left atrium function and structure, which can 
lead to development of arrhythmias and other complications [26]. 

Also, right ventricular apical stimulation induces left ventricular diastolic dysfunction and increases left atrial afterload 
[27]. This process increases atrial pressure and contributes to left atrial enlargement in the early postoperative period, 
as shown by the results of the study by Xie et al. 

An important finding in our study is that LV volume continues to increase during the follow-up period, and we can 
assume that this results from the induced asynchronous cardiac contraction by apical right ventricular stimulation 
(Figure 3). Data from MOST (MOde Selection Trial), reported as early as 10 years ago, strongly associated right 
ventricular pacing with new-onset AF [28]. This confirms the statement that apical left ventricular stimulation leads to 
left atrium pressure loading, followed by its dilatation, as can be seen from our results. 

5. Conclusion 

Our data analysis gives us reason to conclude that there is a significant increase in the levels of the growth factor after 
PPM implantation and it plays a major role in fibrotic remodeling of the myocardium. The hemodynamic consequences 
of the provoked asynchronous contraction are development of left ventricular diastolic dysfunction and an increase in 
its filling pressure. It is followed by LA pressure load and is a prerequisite for its dilatation. 
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