
 1 / 31 

 

Format for Manuscript Revision: Retrospective 

Cohort Study 

 

Name of journal: World Journal of Cardiology 

Manuscript NO: 16618 

Manuscript Type: ORIGINAL ARTICLE 

 

Retrospective Cohort Study 

Right ventricular septal pacing: Safety and efficacy in a long term follow 

up 

 

Occhetta E et al. Right ventricular septal pacing 

 

Eraldo Occhetta, Gianluca Quirino, Lara Baduena, Rosaria Nappo, Chiara 

Cavallino, Emanuela Facchini, Paolo Pistelli, Andrea Magnani, Miriam 

Bortnik, Gabriella Francalacci, Gabriele Dell'Era, Laura Plebani, Paolo 

Marino 

 

Eraldo Occhetta, Rosaria Nappo, Emanuela Facchini, Andrea Magnani, 

Miriam Bortnik, Gabriella Francalacci, Gabriele Dell'Era, Laura Plebani, 

Paolo Marino, Cardiology Department, AOU Maggiore della Carità, Novara 

28100, Italy 

 

Gianluca Quirino, Cardiology Division, P.O. SS. Annunziata, Cosenza 87100, 

Italy 

 

Lara Baduena, Cardiology Division, Ospedale SS. Trinità, Borgomanero 

28021, Italy 

 



 2 / 31 

 

Chiara Cavallino, Cardiology Division, Ospedale S. Andrea, Vercelli 13100, 

Italy 

 

Paolo Pistelli, Cardiology Division, Ospedale Civile, Ivrea 10015, Italy 

 

Author contributions: All the authors solely contributed to this paper. 

 

Supported by  

 

Corresponding author: Dr. Eraldo Occhetta, Cardiology Department, AOU 

Maggiore della Carità, Corso Mazzini 18, Novara 28100, Italy. 

eraldo.occhetta@maggioreosp.novara.it 



 3 / 31 

 

Abstract 

BACKGROUND  

 

AIM  

To evaluate the safety and efficacy of the permanent high interventricular 

septal pacing in a long term follow up, as alternative to right ventricular 

apical pacing.  

 

METHODS  

We retrospectively evaluated: (1) 244 patients (74 ± 8 years; 169 men, 75 

women) implanted with a single (132 pts) or dual chamber (112 pts) 

pacemaker (PM) with ventricular screw-in lead placed at the right 

ventricular high septal parahisian site (SEPTAL pacing); (2) 22 patients with 

permanent pacemaker and low percentage of pacing (< 20%) (NO pacing); 

and (3) 33 patients with high percentage (> 80%) right ventricular apical 

pacing (RVA). All patients had a narrow spontaneous QRS (101 ± 14 ms). We 

evaluated New York Heart Association (NYHA) class, quality of life (QoL), 6 

min walking test (6MWT) and left ventricular function (end-diastolic volume, 

LV-EDV; end-systolic volume, LV-ESV; ejection fraction, LV-EF) with 2D-

echocardiography.  

 

RESULTS  

Pacing parameters were stable during follow up (21 months/patient). In 

SEPTAL pacing group we observed an improvement in NYHA class, QoL 

score and 6MWT. While LV-EDV didn’t significantly increase (104 ± 40 mL vs 

100 ± 37 mL; P = 0.35), LV-ESV slightly increased (55 ± 31 mL vs 49 ± 27 mL; 

P = 0.05) and LV-EF slightly decreased (49% ± 11% vs 53% ± 11%; P = 0.001) 

but never falling < 45%. In the RVA pacing control group we observed a 

worsening of NYHA class and an important reduction of LV-EF (from 56% ± 
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6% to 43% ± 9%, P < 0.0001). 

 

CONCLUSION 

Right ventricular permanent high septal pacing is safe and effective in a long 

term follow up evaluation; it could be a good alternative to the conventional 

RVA pacing in order to avoid its deleterious effects. 

 

Key words: Right ventricular septal pacing; Parahisian pacing; 

Resynchronization therapy; Left ventricular cardiac function; Permanent 

cardiac pacing 

 

Core tip: We evaluated the safety and efficacy of the permanent high 

interventricular septal pacing in a long term follow up, as alternative to right 

ventricular apical pacing. We retrospective evaluated 244 patients with a 

narrow QRS implanted with a single/dual chamber pacemaker with 

ventricular screw-in lead placed at the right ventricular high septal 

(parahisian) site. Contemporary we checked the clinical evolution of two 

control groups of patients: without ventricular stimulation and with 

conventional right ventricular apical stimulation. In a long term follow up 

we observed stability of pacing parameters and ejection fraction, and 

improvement in NYHA class, quality of life and exercise tolerance.  
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INTRODUCTION 

The treatment of atrioventricular block or sinus node disease is represented 

by artificial pacemaker implant; usually the ventricular catheter is placed in 

right ventricular apical (RVA) position. This therapy proved efficacious in 

long term follow-up, granting improvement in life expectancy and quality of 

life. However, similarly to the negative hemodynamic and clinical effects of 

spontaneous left bundle branch block, new data have emerged showing 

negative effects of the left bundle branch block-like activation determined by 

RVA pacing[1-5].  

Several published studies[6-10] demonstrated that more than 40% of the 

heart beats are paced from the right ventricular apex, an increase in the 

incidence of atrial fibrillation, heart failure, hospitalizations and even death 

is observed. When ventricular pacing is necessary permanently or for long 

periods of time, sites for a more physiologic pacing should be identified to 

avoid he occurrence of ventricular desynchronization[11-13]. 

A better way to pace the heart in case of intraventricular conduction delay 

(especially left bundle branch block) is biventricular pacing: comparing to 

RVA pacing, it can improve left ventricular ejection fraction and volumes 

and reduce mitral regurgitation and sympathetic nervous system activity[4-17]. 

His bundle pacing may be considered as a reliable and effective method to 

prevent mechanical desynchronization when intraventricular conduction is 

preserved and QRS is narrow[18,19]. However, it requires adjuntive skills and 

may be more challenging and time-consuming; it isn't always applicable and 

higher pacing thresholds have to be accepted[20]. The right ventricular septal 

pacing in the parahisian area, early penetrating the His-Purkinje conduction 

system, produces a more physiological ventricular activation, very similar to 

the one that is achieved with direct His bundle pacing[21].  

We aimed to evaluate feasibility, safety and long-term clinical efficacy of 

permanent right ventricular septal pacing in the parahisian area, performed 
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to obtain a shorter QRS duration than that resulting from conventional right 

ventricular apical pacing. 

 

MATERIALS AND METHODS 

Population 

From January 2001 to December 2011, we evaluated 244 patients implanted 

with a single or dual-chamber pacemaker with the ventricular lead 

positioned in the high interventricular septum (parahisian site): “SEPTAL 

pacing” group. 

The patients were implanted at the Cardiology Clinic of AOU Maggiore 

della Carità in Novara (School of Medicine, Study University of Piemonte 

Orientale, Italy) (181 patients), at the Division of Cardiology of the Ospedale 

Civile in Ivrea, Italy (50 patients), and at the Division of Cardiology of the 

Ospedale SS. Annunziata in Cosenza, Italy (22 patients). 

The mean age of patients was 74 ± 8 years; 169 patients were men (69%) 

and 75 patients were women (31%). Inclusion criteria were: (1) permanent 

VVIR pacing after AV node ablation for permanent atrial fibrillation with 

uncontrolled (high) ventricular rate, despite negative dromothropic therapy 

comprising digoxin, beta-blockers and diltiazem as monotherapy or 

associated (51 patients; 21%); (2) permanent VVIR pacing in permanent atrial 

fibrillation with impaired AV conduction and low ventricular frequency (81 

patients; 33%); (3) permanent DDD(R) pacemaker in patients with sinus 

rhythm and first and second degree AV block, symptomatic for 

syncope/dizziness (82 patients; 34%); and (4) permanent DDD(R) pacemaker 

in patients with sinus rhythm and complete AV block (30 patients; 12%). 

All patients had a narrow spontaneous QRS complex (mean 101 ± 14 ms; 

always < 120 ms), detected at standard ECG; in patients with AV node 

ablation a narrow QRS was detected during junctional escape rhythm after 

radiofrequency (RF) AV ablation; in patients with atrial fibrillation not 
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undergoing AV ablation, a narrow QRS was documented during 24-h Holter 

recording.  

At the same time, we retrospectively evaluated two other “control groups” 

of patients (all implanted at the Cardiology Clinic of AOU Maggiore della 

Carità in Novara, School of Medicine, Study University of Piemonte 

Orientale, Italy): (1) 22 consecutive patients with ventricular apical pacing 

(single or dual chamber pacemakers) but percentage of permanent pacing < 

20%, retrospectively detected by pacemaker telemetry, owing to the presence 

of spontaneous AV conduction and preserved intraventricular conduction 

(QRS < 120 ms): “NO pacing” control group; and (2) 33 consecutive patients 

with a ventricular or dual-chamber pacemaker providing a high percentage 

of ventricular pacing (> 80%) in the apex of the right ventricle, always 

retrospectively detected by pacemaker memories: “RVA pacing” group. 

Before the implantation procedure, all patients were planned to undergo a 

complete evaluation.  

Following assessments were performed: (1) New York Heart Association 

(NYHA) functional class; (2) quality of life (QoL), evaluated with “Minnesota 

Living with Heart Failure” questionnaire [22]; (3) 24 hour Holter monitoring; 

(4) 6-min walking test; and (5) standard 2D-echocardiogram with 

measurement of left ventricular end-diastolic (LV-EDV) and end-systolic 

(LV-ESV) volumes computed according to a biplane Simpson’s method, and 

left ventricular ejection fraction (LV-EF). 

Clinical characteristics of the population are presented in Table 1: enrolled 

patients presented LV-EF values close to the lower limit of the normal range, 

narrow QRS with normal electrical axis and moderate compromission of 

functional class. 

 

Implant procedure 

In patients with permanent atrial fibrillation and AV node ablation, pacing 
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leads were placed after RF ablation procedure. A quadripolar RF catheter 

was used to map the His bundle and an active fixation bipolar lead was 

placed as near as possible to the hisian dipole of the catheter. A second 

conventional bipolar lead was placed at the right ventricular apex. The septal 

and the apical leads were then connected to the “atrial” and “ventricular” 

pacemaker channels, respectively. The pacemaker was programmed in 

“DDDR” mode with “short” atrio-ventricular delay (i.e., 90 ms). Thus, if the 

parahisian stimulation was effective through the “atrial” channel, the 

following RVA pulse pacing was inhibited or delivered during the refractory 

period through the “ventricular” channel. While, in case of ineffective 

parahisian stimulation, the RVA pulse pacing ensured ventricular capture.  

In patients with permanent atrial fibrillation and bradyarrhythmia 

(without indication to AV node ablation), a single chamber VVIR pacemaker 

was used and connected to the lead positioned in the parahisian area, 

without RVA back up lead. 

In patients with sinus rhythm and advanced spontaneous AV block (first, 

second or third degree) a conventional atrial lead was placed in addition to 

the parahisian lead; both leads were connected to a DDD/DDDR pacemaker. 

Following criteria were applied to obtain parahisian pacing [20]: (1) 

positioning of the tip of the screw-in lead as close as possible to the mapping 

dipole of the electrophysiological catheter (distance < 1 cm in left and right 

oblique projections) (Figure 1); (2) even if larger than the spontaneous QRS, 

the duration of the paced QRS had to be < 130 ms; (3) full concordance 

between electrical axis of the paced QRS and that of the spontaneous QRS; 

and (4) the pacing threshold had to be < 1 V (pacing of the muscular portion 

of the interventricular septum). 

Control groups patients were implanted with a conventional apical right 

ventricular lead (and conventional atrial lead in dual chamber pacing). 
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Statistical analysis  

Continuous variables with normal or Gaussian distribution of each group of 

patients were expressed in terms of mean ± SD. Pre-implantation and follow-

up data in the parahisian pacing group were analyzed and compared by 

means of the parametric Student t test for paired data. Similar parameters 

observed in the three groups were compared by means of the Student t test 

for numerically different samples with the same variance. A value of P ≤ 0.05 

was considered statistically significant. 

The study was reviewed by our expert Biostatistic Gabriele Dell'Era, MD. 

 

RESULTS 

Implant data 

To obtain the parahisian high septal pacing we used: (1) a bipolar catheter 

with 1.5 mm retractable screw lead (CapsureFix 4068/5068/5076; Medtronic 

Inc., Minneapolis, Minnesota) in 172 patients; (2) a bipolar catheter with 1.5 

mm retractable screw lead (Cristalline ICQ09B, Vitatron BV, The Netherlands) 

in 10 patients; (3) a bipolar catheter with 1.5 mm retractable screw lead 

(Tendril 1488T/1888T; St.Jude Medical, Inc. St. Paul, Minnesota) in 12 

patients; (4) a bipolar catheter with 3 mm retractable screw lead (10627 

Medtronic Inc., Minneapolis, Minnesota) in 5 patients (controlled clinical 

evaluation); and (5) a bipolar, fixed screw, steroid eluting lead (Select Secure 

3830, Medtronic Inc., Minneapolis, Minnesota) in 45 patients. 

The total radiological exposure time was 15 ± 9 min (range from 3 to 68 

min for the first implant with Select Secure system). Electrical parameters at 

the parahisian site were measured in bipolar configuration.  

We excluded from the analysis 14 patients (6%), in which the criteria for 

parahisian pacing were not met, specifically the paced QRS was > 130 ms. 

For patients in analysis, the average duration of the basal QRS was 101 ± 

14 ms, and 122 ± 9 ms during parahisian pacing. 



 10 / 31 

 

We obtained an average parahisian pacing threshold of 0.6 ± 0.3 V (at 0.5 

ms pulse duration), pacing impedance 736 ± 238 Ω, endocavitary potential 

10.1 ± 5.3 mV; we never recorded high-amplitude “far-field” type atrial 

potentials from the parahisian lead. 

 

Parahisian pacing follow up  

The average follow up of the 230 patients in analysis was 21 months/patient, 

with a maximum of 70 mo for the first enrolled patient and a minimum of 12 

mo for the last one. 

In one patient a 3 cm dislodgment of the parahisian lead was reported. 

However, the paced QRS appeared superimposable to that recorded at the 

end of the implantation.  

During long-term follow-up, the duration of the QRS during parahisian 

pacing remained comparable to that recorded at the implantation. Electrical 

measurements from the parahisian position remained stable and acceptable 

during time: pacing threshold was 0.6 ± 0.3 V at implantation and 0.8 ± 0.5 V 

at follow-up, mean endocardial potential was 10.1 ± 5.3 mV at implantation 

and 9.1 ± 4.4 mV at follow up, pacing impedance was 736 ± 238 ohms at 

implantationand 540 ± 116 ohms at follow up. 

The clinical results at long-term follow-up were (Table 2): (1) In 167/230 

patients (73%) we compared NYHA functional class measured before 

implantation and at a mean follow-up of 18 ± 16 mo: the prolonged 

parahisian pacing led to a significant improvement from 2.15 ± 0.51 to 1.59 ± 

0.55; P < 0.001 (Figure 2); (2) The quality of life score and exercise 

performances (6 min walk), performed in a sub-group of 70/230 patients 

(30%), significantly changed after a mean follow up of 14 ± 2 mo (QoL score 

from 29 ± 18 to 19 ± 17, P = 0.02; 6 min walk distance from 354 ± 90 m to 400 ± 

88 m, P = 0.03) (Figure 2); (3) In 121/230 patients (53%) we compared 

echocardiographic volumes and ejection fraction before and after parahisian 
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pacing (Figure 3): LV-EDV went from 100 ± 37 to 104 ± 40 mL, P = 0.35; LV-

ESV from 49 ± 27 to 55 ± 31 mL, P = 0.05; LV-EF from 53 ± 11 to 49 ± 11 %, P = 

0.01. Medium-long term evaluation of the LV-EF showed values 

superimposable to enrollment values, confirming that parahisian pacing can 

prevent deterioration of the left ventricular function. 

 

Control groups comparation 

In RVA-paced patients QRS duration increased significantly (average 165 ± 

10 ms, with values always > 130 ms). 

In the “NO pacing” control group, the NYHA functional class was good 

both at the baseline and during follow-up; the conduction system disease did 

not significantly affect the functional class, which did not change during 

follow-up in the absence of ventricular pacing. By contrast, in “RVA pacing” 

patients there was a trend toward worsening NYHA functional class, though 

the upper classes of overt heart failure were not reached. Thus, during 

follow-up the NYHA functional class was better in patients without 

stimulation and those on PH stimulation (no significant difference between 

these two groups) and worse in patients stimulated at the apex (P < 0.05 vs 

unstimulated patients and vs PH-stimulated patients) (Table 3). QoL scores 

did not significantly differ among the three groups: 21 ± 19 score in NO 

pacing patients; 29 ± 13 in RVA pacing patients; 19 ± 17 in PH pacing patients 

(P < 0.06 RVA group vs No pacing; P < 0.07 PH group vs NO pacing). 

Exercise tolerance, expressed in meters walked in 6 min, was better in 

patients without persistent pacing (448 ± 110 m) than in PH-stimulated 

patients (400 ± 88 m), but the difference was not significant; on the contrary it 

was worse in RVA-stimulated patients (338 ± 158 m) (P < 0.05 vs both “NO 

pacing” and PH-stimulated patients). 

Left ventricular volumes and ejection fraction (EF) values in the controls 

and parahisian pacing groups of patients are shown in Table 4. In patients 
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without significant ventricular pacing (NO pacing group), left ventricular 

function was almost unchanged during follow-up; indeed, no significant 

changes in volumes and EF were recorded (P = NS). All patients on 

ventricular pacing, however, presented some differences. The average end-

diastolic and end-systolic volumes increased markedly in the RVA group, 

while in the PH group these volume increments were so modest as to be 

almost comparable to those observed in control patients. In RVA-paced 

patients, the increased left ventricular volumes led to a significant reduction 

in the mean EF to below normal values (post-pacing average of 43% ± 9% vs 

56% ± 6% at the baseline; mean decrease of 13.2 percentage points, P < 

0.0001); in PH patients, left ventricular function was fairly well preserved 

(post-pacing EF 49% ± 11%, vs 53 ± 11% baseline; mean change of 4 

percentage points) (Figure 4). 

 

DISCUSSION 

Cardiac pacing aims at providing an adequate cardiac rhythm, restoring a 

physiological excito-conduction of the heart. Two elements are traditionally 

considered as cornerstone for “physiologic pacing”: the maineinance of a 

correct atrioventricular sequence and the presence of chronotropic response 

(via rate-responsive sensors) during exercise or stress; till recent times, dual-

chamber rate-response pacemakers were considered “physiological”.  

However, we know that conventional RVA pacing has the potential to 

induce electro-mechanichal desyncronization, causing potential harm 

(negative remodeling and worsening heart failure) in less than normal 

heart[23,24]. 

Therefore, a real physiological pacing must: (1) increase the cardiac 

frequency according to the metabolic needs; (2) keep correct atrioventricular 

sequence of activation; and (3) keep inter and intraventricular synchrony. 

Biventricular pacing proved effective in improving quality of life and 
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cardiac function in patients with left bundle branch block (spontaneous 

electromechanical desynchronization)[14,17]. However, when intraventricular 

conduction is preserved and an atrioventricular block occurs, pacing must be 

as physiological as possible[25]. His bundle pacing has already established 

itself as an effective alternative to biventricular pacing for these patients. 

Indeed, it uses the His-Purkinje system without inducing intraventricular 

conduction delays[18,19]. Unfortunately, direct His bundle pacing may be 

challenging, needs high pacing electrical output and may pose the risk of 

traumatic (post-screwing of the pacing lead) His bundle block[20].  

In our experience, a simpler and reliable method to achieve physiological 

intraventricular conduction is the so-called parahisian pacing: placing the tip 

of the catheter in the upper muscular part of the interventricular septum, 

activation is granted through the myocardium, but the His-Purkinje 

conduction system is activated at the same time[21]. With this technique, a 

fairly narrow (120-130 ms) QRS with an electrical axis concordant to the non-

paced QRS can be obtained[26]. 

We already presented data about the improvement of hemodynamic and 

functional parameters obtained with parahisian pacing compared to 

conventional right apical pacing at a short follow up in patients undergoing 

AV node ablation for permanent atrial fibrillation with unsatisfactory rate 

control despite optimal therapy[27,28]. 

Long-term follow-up confirms these results, showing that parahisian 

pacing confers a durable improvement of quality of life, functional class and 

exercise tolerance. The improvement is sustained over time, modifying the 

expected natural progression of the underlying cardiopathy by means of a 

preserved atrioventricular and interventricular synchrony and by rate 

regularization; ejection fraction was positively affected, too, avoiding 

deterioration usually observed in paced patients. 

Therefore, parahisian pacing should be considered easy to apply, reliable 
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and effective in preventing the detrimental remodeling caused by non-

physiological right ventricular apical pacing[29]. This kind of physiological 

pacing may be proposed as first line in patients needing high ventricular 

pacing percentage, presenting with preserved intraventricular conduction 

and mild systolic left ventricular dysfunction[30-32].  

 

Limits of the study 

The aim of the study was to evaluate the long term safety of septal parahisian 

permanent cardiac pacing and this has been definitively confirmed. 

As for the long term efficacy of this pacing site, the main limitation of the 

study was the heterogeneity of our population: 54% of patients had atrial 

fibrillation (21% with concomitant AV node ablation) and VVIR pacing, 46% 

were in sinus rhythm with various AV block degrees and DDD(R) pacing. 

This can surely affect the general prognosis, but all patients had an high 

percentage of ventricular pacing and a more “physiological” site of 

stimulation, respect to RVA pacing, could make the difference. In effect, 

basal NYHA functional class, higher in parahisian group than in control 

groups of patients, improved during the follow up; on the contrary, patients 

with high percentage RVA pacing had a NYHA class worsening (Table 3). 

Unfortunately, we could not collect definite informations about hospital 

readmission for heart failure and long-term mortality of our patients: this is 

another limitation to better establish the long term efficacy of parahisian 

septal permanent pacing. 

The second main limit of the the study was the retrospective evaluation of 

patients; however, in every group (NO pacing, RVA pacing and SEPTAL 

pacing) the patients evaluated were consecutively enrolled and this could 

reproduce a real world situation. 

Surely, the superiority of parahisian septal vs RVA permanent pacing 

should be evaluated and confirmed with a prospective multicenter study. 
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CONCLUSION 

 

 

ARTICLE HIGHLIGHTS 

At present, researchers often read a scientific paper in the order of title, 

abstract, keywords, introduction, materials and methods, results, discussion, 

conclusions, and references. However, this reading order is associated with 

many deficiencies, because most researchers are very busy and cannot read 

the entire paper carefully. In contrast, authors hope that readers will read 

their papers as carefully as possible at the earliest time after publication, and 

that this reading will give a meaningful understanding of the paper’s topic so 

that the reader will repeat or cite their work.  

   In order to help more readers to find what they want to read in the shortest 

possible time, we have added a section known as ‘Article Highlights’ to 

every paper published by BPG journals; this section will appear before the 

References section. This new section will consists of summarized information 

on the research background, motivation, objectives, methods, results, 

conclusions, and perspectives; the subsections will be titled accordingly (e.g., 

Research background, Research motivation, etc.; see below). Each of these 

subsections should be a clear and concise but sufficiently detailed summary 

of the information provided in the guidelines below (1-4 sentences for each 

subsection should suffice). This section should not be a verbatim (copy-paste) 

repeat of the full text in the manuscript’s main text sections (i.e. Methods, 

Results, or Conclusion).  

   The content of Article Highlights will also be released through media 

including WeChat message forwarding, WeChat public number, Quick 

Response code, E-mail, Facebook, Twitter, and Google. The guidelines for 

writing and formatting Article Highlights are as follows: 
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Research background 

The background, present status, and significance of the study should be 

described in detail. 

 

Research motivation 

The main topics, the key problems to be solved, and the significance of 

solving these problems for future research in this field should be described in 

detail. 

 

Research objectives  

The main objectives, the objectives that were realized, and the significance of 

realizing these objectives for future research in this field should be described 

in detail.  

 

Research methods 

The research methods (e.g., experiments, data analysis, surveys, and clinical 

trials) that were adopted to realize the objectives, as well as the 

characteristics and novelty of these research methods, should be described in 

detail. 

 

Research results 

The research findings, their contributions to the research in this field, and the 

problems that remain to be solved should be described in detail. 

 

Research conclusions 

The most relevant of the following questions should be briefly answered: 

What are the new theories that this study proposes? 

What are the new methods that this study proposed? 
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Research perspectives 

The most relevant of the following questions should be briefly answered: 

What is the direction of the future research? 
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Figure Legends 

 

A 

 

B 

Figure 1 Antero-posterior (A) and left anterior oblique (B) fluoroscopic 

projections showing leads position after the “ablate and pace” procedure 

and parahisian pacing. 1: Quadripolar RF catheter mapping the Hisian site; 2: 

Screw-in bipolar lead positioned near the His-bundle; 3: Bipolar lead 

positioned in right ventricular apex. 
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Figure 2 Clinical data before pacemaker implant (basal) and after septal 

pacing follow up. A: New York Heart Association functional class; B: 

Quality of life minnesota score; C: Six minute walking test (m). 
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Figure 3 Echocardiographic data before pacemaker implant (basal) and 

after septal pacing follow up. A: End diastolic left ventricular volumes 

(EDV); B: End systolic left ventricular volumes (EDV); C: Left ventricular 

ejection fraction (EF LV). 
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Figure 4 Average values of left ventricular ejection fraction at the baseline 

(1) and after two years of follow-up (2) in patients without significant 

stimulation (blue: control NO pacing), right ventricular apex paced 

patients (red: RVA) and parahisian paced patients (green: parahis). In 

control patients and PH patients, the ejection fraction remained essentially 

normal (values above 50%), while in RVA patients it declined significantly to 

average values of around 40. 

 

 



 27 / 31 

 

Table 1 Comparison of pre-implantation clinical features in the patient 

control groups (NO pacing and RVA pacing) and parahisian pacing  group 

 NO pacing RVA pacing PH pacing 

Total patients 22 patients 33 patients 244 patients 

Age (yr) 75 ± 7 77 ± 9 74 ± 8 

Sex 13 M/ 9 F 21 M/ 12 F 169 M/ 75 F 

NYHA class 1.09 ± 0.29 1.15 ± 0.36 2.13 ± 0.46 

LV ejection fraction 

(%) 

57 ± 5 55 ± 8 53 ± 11 

LV end-dyastolic 

volume (cc) 

89 ± 25 98 ± 22 100 ± 37 

LV end-systolic 

volume (cc) 

38 ± 13 47 ± 17 49 ± 27 

Associated heart 

diseases 

 

Ischemic 

heart disease: 

6/22 (27%) 

 

Valvular 

heart disease: 

2/22 (9%) 

 

Hypertensive 

heart disease: 

2/22 (9%) 

 

No 

significant 

heart disease: 

12/22 (55%) 

Ischemic heart 

disease: 12/33 

(37%) 

 

Valvular heart 

disease:  

4/33 (12%) 

 

Hypertensive 

heart disease: 

3/33 (9%) 

 

No significant 

heart disease: 

14/33 (42%) 

Ischemic heart 

disease: 80/244 

(33%) 

 

Valvular heart 

disease: 29/244 

(12%) 

 

Hypertensive 

heart disease: 

90/244 (37%) 

 

No significant 

heart disease: 

45/244 (18%) 



 28 / 31 

 

Atrial fibrillation, n (%) 

 

1 (5)    4 (12) 132 (54) 

 Sinus rhythm, n (%) 21 (95) 29 (88) 112 (46) 

NYHA: New York Heart Association; LV: Left ventricular. 
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Table 2 Long term follow up results of parahisian pacing 

 Basal Parahisian 

Pacing 

P value 

NYHA class (167 pts) 2.15 ± 0.51 1.59 ± 0.55 < 0.001  

6-min walk (m) (70 pts) 354 ± 90 400 ± 88 0.03   

QoL (score) (70 pts) 29 ± 18 19 ± 7  0.02   

LV-EDV (mL) (121 pts) 100 ± 37 104 ± 40  0.35  

LV-ESV (mL) (121 pts) 49 ± 27 55 ± 31 0.05  

LV-EF (%) (121 pts) 53 ± 11 49 ± 11  0.01  

NYHA: New York Heart Association; QoL: Quality of life; LV-EDV: Left 

ventricular end diastolic volume; LV-ESV: Left ventricular end systolic 

volume; LV-EF: Left ventricular ejection fraction. 
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Table 3 New York Heart Association functional class before implantation 

and at follow-up, in patients with a low percentage of stimulation (NO 

pacing), with right ventricular apical pacing and with parahisian pacing 

groups 

 

 NO pacing  

(22 pts) 

RVA pacing  

(33 pts) 

PH pacing 

(167 pts) 

 Baseline  1.09 ± 0.29   1.15 ± 0.36   2.15 ± 0.51 

-up 1.22 ± 0.52 1.88 ± 0.99 1.59 ± 0.55 

Significance 0.32 (ns) P < 0.05 P < 0.001 

 Unchanged Worsening Improvement 

RVA: Right ventricular apical; PH: Parahisian. 
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Table 4 Evolution of echocardiographic parameters: end-diastolic volume, 

end-systolic volume and ejection fraction) in the NO pacing group (22/22 

patients), in the right ventricular apical pacing group (33/33 patients) and 

in the parahisian group (121/230 patients) 

CONTR 

 (22 pts) 

 Basal Follow-up P value 

EDV (mL) 88 ± 25 99 ± 46 0.23 (ns) 

ESV (mL) 38 ± 13 46 ± 29 0.11 (ns) 

EF (%) 57 ± 5 56 ± .5 0.1 (ns) 

RVA 

(33 pts) 

EDV (mL) 98 ± 23 139 ± 31 < 0.0001 

ESV (mL) 44 ± 14 79 ± 22 < 0.0001 

EF (%) 56 ± 6 43 ± 9 < 0.0001 

PH 

(121 pts) 

EDV (mL) 100 ± 37 104 ± 40 0.35 (ns) 

ESV (mL) 49 ± 27 55 ± 31 0.05 

EF (%) 53 ± 11 49 ± 11 0.01 

RVA: Right ventricular apical pacing; PH: Parahisian; EDV: End diastolic 

volume; ESV: End systolic volume; EF: Ejection fraction. 

 


