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ABSTRACT
Introduction: Radiation exposure incurred by patients and medical staff have increased, despite goals to minimize radiation
according to the “As Low As Reasonably Achievable” (ALARA) principle. Utilization of an imaging platform that incorporates optimized
acquisition parameters and several real-time image processing algorithms can reduce radiation exposure while maintaining diagnostic
image quality.
Objective: Evaluate radiation exposure of patient and staff to ionizing radiation during cardiac implantable electronic device
implantation performed utilizing fluoroscopy systems with optimized imaging hardware and software.
Methods: A total of 460 consecutive procedures were analyzed in this retrospective cohort study. All patients who underwent
implantation of cardiac devices between August 2014 and February 2016 were included. Patients underwent procedures in a room
that either had a “conventional” Philips Integris system or a “modern” Allura system. Groups were compared using Chi Square, t-test, or
Mann-Whitney U as appropriate. P < 0.05 was considered significant.
Results: Of the 460 procedures performed, 350 were performed using the conventional system and 110 were performed using the
modern system. Dose area product per minute was reduced by more than two-thirds (CRT 28.65 ± 28.70 vs. 141.66 ± 121.24 Gy·cm2,
ICD 8.09 ± 10.36 vs. 27.88 ± 30.29 Gy·cm2, PPM 4.97 ± 4.71 vs. 27.67 ± 30.94 Gy·cm2, in modern vs. conventional systems, respectively).
Conclusion: Radiation doses were significantly lower during cardiac device implantation when more modern imaging systems were
utilized.
Keywords: Radiation dosage; Electrophysiology procedure; Cardiac implantable electronic device implantation; New imaging
system

INTRODUCTION
The number and complexity of diagnostic radiology procedures
has significantly increased over recent years [1]. Results published by
the United Nations Scientific Committee on the Effects of Atomic
Radiation suggest that interventional procedures contribute 1%
to the frequency of radiation use in the medical field whereas their
contribution to collective dose is 10% [2]. Cardiac electrophysiology
procedures result in significant patient and staff radiation exposure.
Over the past twenty years, implantation rates of cardiac devices have
continually increased [3]. The advent of Cardiac Resynchronization
Therapy (CRT) has significantly contributed to the increased number
of cardiac implantable electronic device implantations [4]. This has
resulted in increased rates of radiation exposure to patients and
medical staff.
The consequences of exposure to ionizing radiation are of
significant concern and directly impact patient and medical staff safety
[5-7]. Following the As Low As Reasonably Achievable (ALARA)
principle, there is a balance between dose reduction and maintaining
image quality at a diagnostic level. A modern X-ray imaging platform
(Allura Clarity; Philips Healthcare, Best, Netherlands) incorporates
optimized acquisition parameters and several real-time image
processing algorithms that reduce noise and reduce radiation
exposure while maintaining diagnostic image quality [8]. Despite
this, financial and other logistical limitations exist and many older
systems are still in use. The number of studies comparing different
fluoroscopy platforms in terms of radiation exposure to the patients
and medical staff are limited.

MATERIALS AND METHODS

Intervention
Patients undergoing implantation of dual chamber Pacemakers
(PPM), Implantable Cardioverter Defibrillators (ICD) and Cardiac
Resynchronization Therapy (CRT) devices were included in the
analysis. All procedures were teaching cases performed by an
attending electrophysiologist along with a fellow training in clinical
cardiac electrophysiology. Fluoroscopy was used to determine
adequate lead placement. Total fluoroscopy time, radiation dose, and
Dose Area Product (DAP) were obtained. Dosimeters measured total
ambient radiation of each room. Fluoroscopy systems were adjusted
to the lowest possible image acquisition settings that allowed for
adequate operator visualization.
The modern system utilizes improved image processing
algorithms to decrease radiation dose. This technology combines
temporal and spatial noise reduction filters with automatic pixel
shift functionality [8]. These filters and algorithms allow for a similar
image quality with a lower radiation dose [9].
Statistical analysis
Statistical analysis was performed using SPSS (IBM, Armonk,
NY) Version 22.0. Continuous variables were expressed as means ±
Standard Deviation (SD) and categorical variables were expressed as
frequencies (percentage). Groups were compared using Chi Square,
t-test, or Mann-Whitney U as appropriate. P < 0.05 was considered
significant.

RESULTS

Study population
A total of 460 consecutive procedures were analyzed in this
retrospective cohort study. All patients who underwent implantation
of an implantable cardiac device between August 2014 and February
2016 were included in the analysis. Procedures were performed
at Montefiore Medical Center, Bronx, New York, a large academic
center with an electrophysiology training program. All procedures
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were performed in a laboratory with either a “conventional” system
(Integris, Philips, Netherlands) or a “modern” system (Allura Philips,
Netherlands).
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Of the 460 procedures performed, 350 were performed using
the conventional system and 110 were performed using the modern
system. Average ages in the two groups were 67.2 and 67.8 years in the
modern and conventional groups, respectively. This study included
majority males with 66.4% and 58.3% males in the modern and
conventional groups, respectively. Additional baseline demographics
and type of device placement are shown in table 1. More CRT devices
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were implanted utilizing the modern system than conventional
system. Mean Dose Area Product (DAP) by device and for each
group are shown in table 2. The DAP was higher with CRT device
placement, compared to ICD or PPM placement using either system.
A significantly lower DAP was found for all device placements with
use of the modern system. When device placement was performed
utilizing the more modern fluoroscopy system, DAP was reduced by
more than two-thirds (CRT 28.65 ± 28.70 Gy·cm2 vs. 141.66 ± 121.24
Gy·cm2, ICD 8.09 ± 10.36 Gy·cm2 vs. 27.88 ± 30.29 Gy·cm2, PPM 4.97
± 4.71 Gy·cm2 vs. 27.67 ± 30.94 Gy·cm2, in modern vs. conventional
systems, respectively). These findings were unchanged when DAP was
normalized to fluoroscopy pedal time, as shown in table 3. Figure 1
displays DAP adjusted by time between the two groups for all devices.

DISCUSSION
This study confirms findings seen by others working with
fluoroscopy in non-cardiac radiography [10,11], cardiac angiography
[12-14] and cardiac electrophysiology procedures [8,9,15]. Newer
imaging systems equipped with enhanced filtering and software
systems can significantly decrease radiation exposure to both operator
and patient. The decrease in radiation exposure between the modern
imaging systems and conventional systems was comparable to prior
studies with reductions of 40% to 70% in non-CRT device placement
and nearly a 75% reduction during CRT implantation. Although
we did not compare image quality between the two fluoroscopy
systems in our study, others have clearly demonstrated that this new
technology allows for a significant reduction in radiation exposure
without sacrificing image quality [12,14].
This study was conducted at a large academic center with
an electrophysiology training program. There is an obligation to
minimize radiation exposure to protect both patients and providers
as well as to make training as safe as possible. Academic and referral
Table 1: Patient demographics.
Modern*

Conventional

p-value

Age: years ± SD

67.22 ± 15.05

67.83 ± 13.86

0.693

Males: N (%)

73 (66.4)

204 (58.3)

0.131

BSA: m2 ± SD

1.9255 ± 0.28

1.91 ± 0.25

0.795

CRT: N (%)

51 (46.4)

58 (16.6)

ICD: N (%)

34 (30.9)

134 (38.3)

PPM: N (%)

25 (22.7)

158 (45.1)

< 0.001

*included one upgrade from PPM to CRT.
Table 2: Mean Dose Area Product (DAP) by device placement.
Device

Modern
(Gy·cm2)

Conventional
(Gy·cm2)

p-value

CRT

28.65 ± 28.70

141.66 ± 121.34

< 0.0001

ICD

8.09 ± 10.36

27.88 ± 30.29

< 0.0001

PPM

4.97 ± 4.71

27.67 ± 30.94

< 0.0001

Table 3: Radiation dose per minute by device placement.
Device

Modern
(Gy·cm2/ min)

Conventional
(Gy·cm2/ min)

p-value

CRT

0.69 ± 0.47

3.92 ± 1.50

< 0.0001

ICD

0.41 ± 0.26

4.71 ± 1.27

< 0.0001

PPM

0.33 ± 0.19

3.30 ± 1.30

< 0.0001
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Figure 1: Total dose area product adjusted by time by imaging system.

centers tend to have high complexity cases, and the presence of
a trainee may extend the duration of radiation exposure in any
particular case. Having modern equipment available is not only
essential for training practitioners but also for ensuring their safety as
they enter a lifelong career [16-17].
As procedure complexity and frequency increase, corresponding
cumulative radiation exposure and consequences to providers
increase. Various radiation protection equipment exist but are
not always used [18] and proposed procedure limitations may
have adherence issues [7]. This technology allows an alternative
to decreasing provider exposure without significant drawbacks.
Rapid and complete adoption of more modern imaging systems
are logistically and financially difficult. Many institutions utilize a
combination of both conventional and modern imaging systems.
Cases requiring additional imaging time, such as CRT implantation,
should be preferentially performed in laboratories with modern
imaging technology. Ideally, all imaging systems should be upgraded
to minimize exposure to ionizing radiation and maximize safety for
patients and staff.
Our study had several limitations. These data represent the
experience of a single center and this study was conducted in a
retrospective, non-randomized manner limiting the generalizability
of these findings. Additionally, the sample size of each type of device
placement with each system was relatively small. Furthermore,
the scope of this study was limited to radiation dose and does not
evaluate objective image quality or whether image quality is affected
by different radiation dosages.
In conclusion, radiation exposure was significantly lower during
cardiac implantable electronic device implantation with use of a
modern imaging system.
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