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ABSTRACT
Introduction Pacing- induced cardiomyopathy 
occasionally occurs in patients undergoing pacemaker 
implantation. Although compared with right ventricular 
(RV) apical pacing, RV septal pacing can attenuate left 
ventricular dyssynchrony; the success rate of lead 
placement on the RV septum using the stylet system 
is low. Additionally, no randomised controlled trial has 
addressed the issue regarding the accuracy of RV lead 
placement on the RV septum using the stylet and delivery 
catheter systems. This study hypothesises that a newly 
available delivery catheter system can improve the 
accuracy of RV lead placement on the RV septum.
Methods and analysis In a multicentre, prospective, 
randomised, single- blind, controlled trial, 70 patients with 
pacemaker indication owing to atrioventricular block will 
be randomised to either the delivery catheter or stylet 
group before the pacemaker implantation procedure. 
The position of the RV lead tip will be assessed using 
ECG- gated cardiac CT in all patients within 4 weeks 
after pacemaker implantation. Lead tip positions are 
classified into three groups: (1) RV septum, (2) anterior/
posterior edge of the RV septal wall and (3) RV free wall. 
The primary endpoint will be the success rate of RV lead 
tip placement on the RV septum, which will be evaluated 
using cardiac CT.
Ethics and dissemination This study will be conducted 
according to the stipulations of the Helsinki Declaration 
and the institutional review board of Hamamatsu University 
School of Medicine. The results of the study will be 
disseminated at several research conferences and will be 
published in peer- reviewed journals.
Trial registration number jRCTs042200014; Pre- results.

INTRODUCTION
Pacemaker implantation is an estab-
lished treatment option for patients with 

bradycardia. Pacing- induced cardiomyopathy 
occasionally occurs in patients undergoing 
pacemaker implantation owing to atrioven-
tricular block (AVB) and was associated with 
reduced left ventricular (LV) ejection frac-
tion, increased risk of heart failure hospi-
talisation, new- onset atrial fibrillation or 
all- cause mortality.1 Although theoretically, 
right ventricular (RV) septal pacing can atten-
uate LV dyssynchrony more than RV apical 
pacing,2 the non- apical RV pacing site did not 
show any benefit in terms of the incidence 
of pacing- induced cardiomyopathy over the 
apical lead position.3–6 A serious problem 
with the strategy of RV septal pacing is the 
low success rate of placement of the RV lead 
on the RV septum, confirmed using CT.7–11 
Fluoroscopic left anterior oblique (LAO) 
view was used as an indicator of successful RV 
lead placement on the RV septum. However, 
thoracic CT revealed that only 16%–76% 
(median 41% (IQR 21%–43%)) of the RV 

Strengths and limitations of this study

 ► This is the first multicentre randomised controlled 
trial to assess the superiority of the delivery catheter 
system over the stylet system for placing the tip of 
the right ventricle (RV) lead on the RV septum.

 ► All lead tip positions will be confirmed using ECG- 
gated CT.

 ► The inability of the study to show the prognostic 
benefit of the delivery catheter system over the sty-
let system is a limitation.
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leads were successfully anchored on the RV septum 
despite successful fluoroscopic placement of the RV leads 
on the RV septum.7–11 A recent report suggested that 
unexpected free wall pacing leads to increased occur-
rence of cardiovascular death and heart failure hospital-
isation in patients undergoing RV septal pacing owing 
to AVB.7 Recent reports showed that the use of individ-
ualised LAO12 or right ventriculography13 could improve 
the CT- judged accuracy of RV lead deployment on the RV 
septum by over 90%. However, determining the individu-
alised LAO or performing right ventriculography during 
the procedure could prolong the procedural and fluoro-
scopic time. Therefore, simple methods to improve the 
success rate of RV lead implantation on the RV septum 
are needed. Although for decades, the stylet system was 
only available for lead placement, a new delivery catheter 
system was recently designed for pacemaker implanta-
tion. Recently, a single- centre retrospective study revealed 
that delivery catheter system achieved the RV lead place-
ment on RV septum more frequently than stylet system.14 
However, no randomised controlled trial has examined 
the accuracy of RV lead placement on the RV septum 
using the stylet system versus using the delivery catheter 
system. Therefore, the comparison of delivery catheter- 
based and stylet- based RV lead placement at the RV 
septum under fluoroscopic guidance judged by cardiac 
CT (Mt FUJI study) was compared with investigate 
whether, compared with using the stylet system, using the 
delivery catheter system would lead to increased success 
rate of RV lead placement on the RV septum in patients 
undergoing pacemaker implantation owing to AVB.

METHODS AND ANALYSIS
Study design
The Mt FUJI study is a multicentre, prospective, 
randomised, single- blind, controlled trial for comparing 
the accuracy of RV lead anchoring on the RV septum 
between the delivery catheter and stylet systems. Patients 
will be recruited from seven tertiary centres (Hamamatsu 
University School of Medicine (HUSM), Seirei Mika-
tahara General Hospital, Seirei Hamamatsu General 
Hospital, Hamamatsu Medical Center, Shizuoka Medical 
Center, Chutoen General Medical Center and Juntendo 
University Shizuoka Hospital). HUSM is the sponsor of 
the study, with financial support from Medtronic Japan 
Co, Ltd and HUSM Grant- in- Aid. To date (October 2020), 
49 patients have been enrolled, and the trial intends to 
recruit 70 patients. The first implantation occurred in 
June 2020, and the study (including patient enrolment, 
follow- up and data analysis) will last 12 months. The Mt 
FUJI trial is registered on the website (https:// jrct. niph. 
go. jp/ en- latest- detail/ jRCTs042200014).

Objectives
The primary objective of the Mt FUJI trial is to assess the 
success rate of RV lead- tip placement on the RV septum 
evaluated using cardiac CT.

The secondary objectives of the Mt FUJI trial are as 
follows: to determine (1) paced QRS width; (2) surgery 
time; (3) fluoroscopic time; (4) number of attempts to 
screw in the RV lead; (5) RV lead parameters, including 
R- wave amplitude, pacing threshold and impedance; and 
(6) the incidence of RV lead dislodgment at discharge.

Patient population, inclusion and exclusion criteria
Investigators will screen consecutive patients using the 
inclusion/exclusion criteria, which are based on age, 
pacemaker indication and cardiovascular medical history. 
Patients with a class I or II indication for pacemaker owing 
to AVB,15 who are older than 20 years, and provided 
written informed consent will be invited to participate in 
the study. The exclusion criteria are as follows: those with 
(1) severely impaired LV function, defined as LV ejection 
fraction <35%; (2) end- stage renal failure on haemodi-
alysis; (3) prior open heart surgery; (4) persistent atrial 
fibrillation; and (5) congenital heart disease (figure 1).

Randomisation and intervention
Eligible patients who agree to participate in the study 
will be randomised in a 1:1 ratio to either the delivery 
catheter group or the stylet group before the pacemaker 
implantation procedure. Randomisation will be balanced 
with respect to age, gender and participating hospitals 
and will be performed using a web- based randomisation 
system (UMIN INDICE cloud: https://www. umin. ac. jp/ 
indice/ cloud. html), based on a minimisation scheme. 
In patients allocated to the delivery catheter group, a 
delivery catheter (C315 series, Medtronic, Minneapolis, 
Minessota, USA) and delivery catheter- compatible leads 
(SelectSecure Model 3830, Medtronic) will be used. 
C315- HIS is recommended for use at the beginning, 
and other delivery catheters such as C315- S5 and C315- 
S10 can be used as a second choice. In the stylet group, 
conventional stylet- based RV leads will be used (TENDRIL 

Figure 1 Study design and flow. AV, atrioventricular.
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STS 2088TC, Abbott, Chicago, Illinois, USA; CapSureFIX 
NOVUS, Medtronic; Solia S, Biotronik, Berlin, Germany; 
Ingevity, Boston Scientific, Marlborough, Massachu-
setts, USA) (figure 2). There is no restriction to relevant 
concomitant care and interventions during the trial.

Blinding
Participants in this trial are blinded to the allocation of 
treatment. In contrast, practitioners are not blinded to 
the allocation of treatment owing to the nature of the 
intervention. By not participating in baseline assessments 
or pacemaker implantation procedures and having no 
prior knowledge of participant allocation, the outcome 
assessor will remain blinded and remain free from detec-
tion bias.

Pacemaker implantation procedure
Single- chamber or dual- chamber pacemaker systems 
are selected according to the individual conditions of 
patients, including age and underlying illnesses. Prophy-
lactic intravenous antibiotics are administered before the 
procedure. Pacemaker implantation is performed under 
local anaesthesia by experienced operators. Pacemaker 
pocket formation and vascular access operations will 
be performed based on the operator’s preference. The 
RV leads are inserted using the transvenous approach; 
attempts are made to place them on the RV septum in all 
patients. We do not intend to perform His bundle pacing 
or left bundle branch pacing.

Anchoring the tip of RV lead on the RV septum will be 
attempted using fluoroscopic guidance during the proce-
dure. The LAO view of 40°–60° is used for confirming 
whether the RV tip is directed to the RV septum. In the 
right anterior oblique view of 30°, the cardiac silhouette 
at the end of the tip of the lead was divided perpendic-
ularly to its contour into quadrants. The tip of the RV 

lead is intended to be anchored on the second or third 
quadrant.10

In the stylet group, the choice of a stylet, that is, a 
conventional manually shaped stylet, a steerable stylet 
(Locator, Abbott) or a preshaped stylet (Ez stylet, Japan 
Lifeline, Tokyo, Japan), is left to the discretion of the 
attending physician. In the delivery catheter group, the 
delivery catheter is guided to the RV over the 0.035- inch 
guidewire and is directed to the RV septum. After the 
delivery catheter is positioned appropriately, the RV lead 
is passed through the delivery catheter to the RV septum. 
The position of the tip of the RV lead is confirmed using 
X- ray fluoroscopy in the LAO and RAO views. Once the 
RV lead tip is attached to the RV septum, the capture 
threshold and R wave amplitudes are measured using a 
unipolar tip. When the screw is deployed, the capture 
thresholds, R- wave amplitudes and lead impedances are 
assessed. After confirming that these values are good, 
the delivery catheter is peeled away. Crossover between 
delivery catheters and stylets is allowed based on the oper-
ator’s decision if the placement of the RV lead using the 
allocated device is difficult.

Outcome measures
For the primary outcome measure, electrocardiography 
(ECG)- gated cardiac CT will be performed in all patients 
within 4 weeks after pacemaker implantation. The use of 
contrast medium is recommended unless study patients 
have renal dysfunction or allergic diseases, such as bron-
chial asthma. CT scans are analysed in the axial view or 
multiplanar- reconstructed coronal, sagittal, short- axis, 
long- axis and four- chamber views. Two trained investi-
gators with no knowledge of clinical outcomes will inde-
pendently evaluate CT scans. When there is interobserver 
disagreement, a third doctor from a different facility is 
consulted. Lead tip positions are classified into three 
groups: (1) RV septum, (2) anterior/posterior edge of 
the RV septal wall and (3) RV free wall (figure 3). The 
primary endpoint will be the success rate of RV lead tip 
placement on the RV septum evaluated using cardiac CT. 
Intention- to- treat analyses will be performed between the 
delivery catheter and stylet groups. If RV lead dislodg-
ment occurs before ECG- gated cardiac CT is performed, 
the patients will be considered to have unsuccessful RV 
lead placement on the RV septum, irrespective of the 
result of a reimplantation procedure.

Pacing QRS width is assessed by a physician who is 
not involved in the pacemaker implantation procedure. 
Surgery time is defined as the time from skin incision 
to skin closure, and fluoroscopic time will be obtained 
from the fluoroscopy system. The number of attempts 
to screw- in the RV lead will be counted during the pace-
maker implantation procedure. RV lead parameters, 
including R- wave amplitude, pacing threshold and imped-
ance, will be measured using a pacemaker programmer. 
RV lead dislodgment at discharge is defined, as follows: 
(1) obvious lead dislocation or lead perforation assessed 
using chest roentgenography that requires reoperation, 

Figure 2 Two different types of leads. (A) A delivery 
catheter- compatible lead (SelectSecure Model 3830, 
Medtronic) in a delivery catheter (C315- His, Medtronic) 
(courtesy of Medtronic Japan Co, Ltd), (B) a conventional 
manually shaped stylet and (C) a conventional stylet- based 
right ventricular lead (CapSureFIX NOVUS, Medtronic).
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(2) pacing threshold of >3.0 V with a nominal pulse width 
or (3) R wave amplitude of <1.0 mV.

Data collection and monitoring
A physician or a clinical research coordinator will collect 
information on demographic characteristics during 
enrolment, periprocedural variables and variables after 
pacemaker implantation until discharge. All data will be 
stored anonymously and will be locked once collection is 
complete. The investigators must follow the instructions 
of this study protocol. They cannot modify the protocol 
without permission from the ethics committee and must 
record any deviations from the protocol.

The data monitoring committee, which is independent 
of the investigators, will perform the central monitoring 
of the data. All adverse events related to the interventions 
will be recorded and monitored until resolved. Medical 
personnel will decide whether continued trial participa-
tion is feasible based on these reports, with the partici-
pant making the final decision.

Sample size estimation
According to a previous observational study, the success 
rate of RV lead placement on the RV septum ranges 
from 16%–76% (median 41% (IQR 21%–43%)) in the 
stylet system.7–11 Although our single- centre retrospective 
study has recently described that the success rate of RV 
septal lead placement using a delivery catheter group 
was 100%, no randomised controlled study is available 
about the accuracy of anchoring RV lead on RV septum. 
The success rate of left bundle branch pacing using a 
delivery catheter has been reported to be 88%.16 The 
success rate of RV septal lead placement using a delivery 
catheter is expected to be as high as that of left bundle 
branch pacing. Therefore, the prevalence of successful 
anchoring of the RV lead tip on the RV septum is esti-
mated to be 85% in the delivery catheter group and 
50% in the stylet group. A sample size of 70 patients (35 
patients in the delivery catheter group and 35 patients in 
the stylet group) will be selected to obtain an 80% power 
and a CI of 95% for detecting differences between the 
two groups, after making allowance for 5% dropout after 
randomisation.

Statistical analysis
Continuous variables will be expressed as mean±SD or 
median (IQR) and will be compared using the unpaired 
t- test or Mann- Whitney U- test, according to data distri-
bution. All categorical variables will be expressed as raw 
numbers and percentages and will be analysed using 
the Fisher’s exact test. A two- tailed p value of <0.05 will 
be considered statistically significant. All analyses will be 
performed using R program V.3.6.3 (The R Foundation 
for Statistical Computing, Vienna, Austria).

Patient and public involvement
No formal patient or public organisations were set up, 
and there was no patient or public involvement in the 
decision regarding the study design and in the planning 
of the study.

ETHICS AND DISSEMINATION
Ethical approval and informed consent
All study activities are coordinated by the clinical research 
centre at HUSM in Hamamatsu, Shizuoka, Japan. This 
study protocol was approved by the clinical research 
review board of the HUSM (approval number: C010-
2019) and by the hospital administrator in all hospitals. 
The study was conducted according to the guidelines 
of the Declaration of Helsinki and Clinical Trials Act. 
Written informed consent was obtained from all patients 
or their legal guardians before inclusion and randomis-
ation. The research coordinator will describe the study 
to the prospective participant and answers any questions. 
Patients are reminded of the confidentiality of the study 
process and of their freedom to withdraw at any time, 
without explanations or effects on their future interac-
tions with their healthcare provider or employer. If the 
individual is willing to participate, he or she is asked to 
sign an informed consent document, which the research 
coordinator cosigns.

Data statement
Data from Mt FUJI study are available on reasonable 
request.

Dissemination plan
Trial results will be communicated at a local level to 
healthcare professionals and patient involvement groups. 
The results of this study will be disseminated at several 
research conferences and will be published in interna-
tional peer- reviewed journals, with authorship deter-
mined by the International Committee of Medical Journal 
Editors’ guidelines. Medtronic Inc will be informed prior 
to publication, but no publication restrictions apply.

DISCUSSION
The Mt FUJI study is a multicentre, prospective, 
randomised, single- blind, controlled trial for investi-
gating whether the use of a delivery catheter system, 
compared with the use of a stylet system, would lead to 

Figure 3 The position of the tip of the right ventricular (RV) 
lead assessed by electrocardiography- gated cardiac CT. 
Multiplanar- reconstructed short- axis views show that the 
tip of the RV leads are positioned at the (A) RV septum, (B) 
anterior edge of the RV septal wall and (C) RV free wall.
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an increased success rate of RV lead placement on the 
RV septum in patients undergoing pacemaker implan-
tation owing to AVB. Although pacemaker is commonly 
the first choice treatment in patients with bradycardia, 
RV pacing- induced cardiomyopathy remains one of the 
chronic adverse events in patients undergoing pace-
maker implantation. Robust and reproducible methods 
for achieving accurate anchoring of the RV lead tip on 
the RV septum are needed before discussions on the clin-
ical efficacy of RV septal pacing over RV apical pacing for 
reducing RV pacing- induced cardiomyopathy. The weak-
ness of the stylet system may be attributed to the weakness 
of the back- up force and the flexible design of the lead 
body to avoid perforation of leads. Since the surface of 
the RV septum is smooth, the tip of RV lead could slip 
towards the anterior edge of RV septum when pushing 
the RV lead with stylet before screw- in. Delivery catheter 
system that has stronger back- up force than stylet system 
and always points to the interventricular septum due to 
their fixed three- dimensional shape could overcome this 
technical difficulty. Once the Mt FUJI trial proves that 
our hypothesis is true, the delivery catheter system would 
become the first choice for achieving RV septal pacing, 
and further studies would be planned to assess the bene-
ficial effect of RV septal pacing using a delivery catheter 
system to reduce RV pacing- induced cardiomyopathy 
compared with RV apical pacing.
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