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Abstract

Complications after insertion of a permanent
pacemaker are related to training and experience.
Traditionally  experience is gained by trainee
performing the procedure under the supervision of
senior operators, which may result in prolong
procedure time (PT) and fluoroscopy time (FT).

We assessed if a novel computer based virtual reality
simulation (VRS) of permanent pacemaker lead
Placement reflects operator experience in pacemaker
implantation.

Thirty-two subjects with different pacing experience
constituted to our study population. The PT and FT on
atrial (A) and ventricular (V) pacing leads placement on
the VRS were recorded.

We found the group with pacing experience has
shorter PT and FT in both A and V leads implantation
when compared with the non-experienced group. The
PT and FT in V lead implantations is even shorter in
the more experienced subgroup when compared with
the less experienced subgroup. We conclude that the
performance on VRS does reflect operator experience in
pacing system implantation.

1. Introduction

Since the early human pacemaker in 1960s, the
number of implants has increased exponentially. In UK
alone over 16,000 new permanent pacemakers were
implanted annually (1). Lead placement related
complications including high stimulation threshold,
electrode displacement and perforation, are directly
related to training and experience (2). The experience is
traditionally gained by trainees performing the procedure
under the supervision of senior operators. This may result
in prolong procedure time and fluoroscopy exposure.

2. Objective

The aim of the study is to determine if a novel
computer based virtual reality simulation (VRS) of
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permanent pacemaker lead implantation module reflects
operator experience in pacing lead implantation
procedure time (PT) and fluoroscopy time (FT).

3. Methods

The VRS module (fig. 1) comprises a computer linked
to a jig with pacing lead and stylet that can be turned and
advanced or retracted to simulate lead manipulation. A
simulated fluoroscopic view of a beating heart and pacing
wire (fig. 2) is activated by a foot pedal and is displayed
on monitor screen. The software allows the operator to
change the shape of the stylet and to test the pacing
parameters simply by clicking on the icon ‘stylet’ and
‘analyzer’ respectively. The PT and FT are automatically
displayed on the monitor.

Figure 1. The Virtual reality simulator (VRS) of
permanent pacing lead implantation.
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Figure 2. The VRS computer screen simulates the
fluoroscopic display during pacing lead implantation.
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Subjects with a range of experience in pacing and no
previous exposure to the VRS were given a standard
introduction to the module. They were, then, asked to
place the ventricular lead (V) to the apex of right
ventricle and the atrial lead (A) to right atrial appendage.
PT and FT were recorded for 5 attempted of V and A
placement. Correct lead positioning was judged by both
fluoroscopic orientation and pacing criteria. Operators
were given a maximum PT of 600 sec or FT of 300 sec to
complete each implant. Unsuccessful first implantation
within the time limit would not lead to any further
attempt of the same lead placement.

4. Result

The subjects were divided into three groups. High
volume operator, group A (n=10), who had previously
performed >50 permanent pacemaker implantations. Low
volume operators, group B (n=12), who had inserted < 50
pacemakers and non-experience, group C (n=10) who did
not have any previous pacing experience. The result was
summarised in fig 3 and fig 4.

In V implantation (fig 3), both PT and FT were
shortest in group A (71.2 +27.1 sec and 41.6 + 20.8 sec).
The PT and FT were shorter in group B (165.8 + 90.9 sec
and 112.7 + 67.3 sec) when compared with group C. All
subjects in group C failed to correctly implant V within
the time limit. In A implantation (fig 4), however, there
was no significant different of PT and FT between group
A (67.4 + 33.4 sec and 43.6 + 33.9 sec) and group B
(94.7 + 35.7 sec and 57 + 33.8 sec). Whereas PT and FT
is longest in group C (505.6 +/- 210 sec and 249.2 +/-
113.2 sec) compared with the other two groups.

Figure 3. The error bar of ventricular lead (V) placement
procedure time (PT) and fluoroscopic time (FT) of group
A (high volume operator), group B (low volume
operator) and group C (non-experience operator).
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Figure 4. The error bar of atrial lead (A) placement PT and FT of the three groups.
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to closely reflect the real operation for pacemaker
implantation. Further study is necessary to establish the
role of the VRS module in the training of permanent
pacemaker implantation.
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