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REDEFINE

A Prospective Randomized Evaluation of
the ControlRad System to Reduce Radiation
Exposure During Cardiac Implantable

L)

Device Procedures

There have been significant reductions in radiation
exposure during fluoroscopic procedures; however,
some electrophysiologists and patients still receive
high doses of radiation, especially during cardiac
implantable electronic device implants (CIEDs)." A
novel technology has been developed using a dy-
namic collimator filter installed above the x-ray
tube that allows high-resolution imaging in an
operator-selected region of interest with significant
radiation attenuation for the remainder of the field
(ControlRad). The physician controls the position
and size of the aperture using a table-mounted
touch pad during the procedure. In the cardiac
catheterization laboratory, a 57% reduction in radi-
ation to the primary operator was recorded with
ControlRad.”

REDEFINE-EP (Reduction in Radiation Exposure in
Fluoroscopic Interventions Evaluation-ElectroPhysi-
ology) is a single-center, prospective, single-blind,
randomized controlled trial to evaluate ControlRad.
Beaumont Hospital Institutional Review Board
approval was obtained. Simple CIED procedures
included single- or dual-chamber pacemakers or
implantable cardioverter-defibrillators.
CIED procedures included implants or upgrades to
cardiac synchronization therapy devices and con-

Complex

duction system pacing devices. The radiation dose
was measured by 2 methods. Real-time dosimeter
badges (RaySafe i3 [RS] badges) measured dose per
case and were placed on the thyroid collar and lower
seam of the lead apron at the knee of the primary and
secondary operators. The Landauer Luxel aluminum
oxide (LLAO) dosimeters measured the cumulative
radiation dose exposure in the study. The primary
study endpoint was the radiation dose to the primary
operator (ie, the electrophysiologist). The secondary
endpoints included the dose area product (DAP) and

the radiation dose to the secondary operator (physi-
cian or scrub assistant).

Of the 90 patients, 60 (67%) and 30 (33%) under-
went simple and complex CIED procedures
(ControlRad n = 43; no ControlRad n = 47). There was
no difference in the baseline characteristics, proce-
dural time, or complication rates. For the primary
operator, the RS and LLAO badges at the thyroid po-
sition were lower in the ControlRad arm (61 uSv vs
25 uSv; P = 0.009; 56 vs 23 mrem; 59% reduction). For
the secondary operator, the median thyroid dose was
also lower in the ControlRad arm for the RS and LLAO
badges (5 puSv vs 3 uSv; P = 0.005; 9 vs 2 mrem; 78%
reduction). For simple and complex procedures, the
median DAP dose was 64% and 75% lower in the
ControlRad arm (P = 0.0005 and 0.03, respectively)
(Table 1). In a multivariate model for operator 1 thy-
roid radiation exposure, the significant predictors
were ControlRad (P = 0.01), body mass index
(P =0.02), and procedure type (P = 0.01). Similarly for
DAP, the significant predictors were ControlRad
(P = 0.004), body mass index (P = 0.002), and pro-
cedure type (P = 0.0002).

The key findings of our study were that there was a
significant reduction in radiation exposure to the
health care team and to the patient with no increase
in procedure time or complications. A singular
advantage of the ControlRad system is that it can be
adjunctive to other radiation-lowering modalities.>*
The limitations include that this is a single-center
study with 6 primary operators (with 1-40 years of
experience). Additionally, we did not restrict x-ray
angulation to avoid hindrances to clinical workflow.
There was no run-in period before enrollment, which
could possibly explain the insignificant increase in
fluoroscopy time in the ControlRad arm. In the elec-
trophysiology laboratory, the ControlRad system
significantly reduces radiation exposure to the oper-
ator, staff, and the patient without affecting proced-
ure times or complication rates.
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TABLE 1 Clinical and Radiation Data From Patients Randomized
in the REDEFINE-EP Trial (N = 90)

Non-ControlRad ControlRad

(n =47) (n =43) P Value
Demographics
Age, y 77 73.6 0.20
Male 26 (28.9) 23 (25.6) 0.86
BMI, kg/m? 28.8+6.09 295+6.6 0.59
Procedural characteristics
Procedure time, min 61 57 NS
CIED type
Single-chamber PM 4 2 0.55
Dual-chamber PPM 19 18
Single-chamber ICD 5 5
Dual-chamber ICD 3 4
CRT-P 0
CRT-D 3 2
Conduction system pacing 13 n
Right-sided surgical site 5 (5.6) 1.1 0.20
Contrast use 2.4 (4.5) 3.5(8.6) 0.44
Collagen pouch 5(5.6) 4 (4.4) 0.86
Challenging access 4 (4.4) 3333 0.81
Radiation data
Operator 1 thyroid, pSv 61 25 0.009
Simple 51 22 0.052
Complex 149 60 0.03
Operator 1 knee, pSv 2 0 0.18
Simple 1 0 0.78
Complex 22 0 0.07
Operator 2 thyroid, uSv 5 3 0.005
Simple 4 3 0.17
Complex 17 35 0.006
Operator 2 knee, pSv 1 0 0.66
Simple 0 0 0.54
Complex 5.5 3 0.07
Nurse thyroid, uSv 2 0 0.01
Simple 15 0 0.03
Complex 10 2 0.12
Nurse knee, uSv 4 1 0.0006
Simple 3 1 0.006
Complex 13.5 2 0.02
Fluoroscopy time, min 3.8 5.5 0.3
Air kerma total, mGy 72.5 43.7 0.36
Air kerma fluoroscopy, mGy 57 39.6 0.32
Air kerma cine, mGy 0 0 0.72
DAP total, mGym? 621.88 195.57  0.0003
Simple 368.17 173.23 0.003
Complex 1,918.6 560.97 0.008
DAP fluoroscopy, mGym? 612.94 155.17  <0.0001
Simple 3413 140.16 0.0004
Complex 1,337.54 379.07 0.005
DAP cine, mGym? 0 0 0.67
Simple 0 (0] NS
Complex 91.45 85.25 0.46

Continued in the next column

TABLE 1 Continued

Non-ControlRad ControlRad

(n=47) (n=43) P Value
Cine runs 0 0 0.56
Frame rate fluoroscopy, 7.5 7.5 0
7.5 fps

Frame rate cine, 15 fps 15 15 0
Complications

Death 0 0 0
Perforation 1@1.1) 0 1.00

Values are n, n (%), or mean + SD. Baseline characteristics, radiation exposure in
simple and complex CIED procedures, and complication rates in ControlRad and no
ControlRad groups.

BMI = body mass index; CIED = cardiac implantable electronic device; CRT-
D = cardiac resynchronization defibrillator; CRT-P = cardiac resynchronization
pacemaker; DAP = dose area product; fps = frames per second; ICD = implantable
cardioverter-defibrillator; PM = pacemaker; PPM = permanent pacemaker;
REDEFINE-EP = Reduction in Radiation Exposure in Fluoroscopic Interventions
Evaluation-ElectroPhysiology.
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