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Abstract

One of the leading environmental hazards, ionizing radiation, is linked to several detrimental health
consequences in the body. RADPAD (Worldwide Innovations & Technologies, Inc., Kansas City, Kansas) is a
sterile, lead-free, lightweight, disposable radiation protection shield. We conducted a systematic review and
meta-analysis to determine the effectiveness of RADPAD protection drapes in the cardiac catheterization lab
and how they can aid interventional cardiologists in becoming subjected to less scatter radiation.

PubMed, Embase, and Google Scholar were searched for studies discussing the efficacy of RADPAD
protection drapes in reducing radiation exposure to operators in the cardiac catheterization laboratory. A
random-effects model was used to pool odds ratios (ORs) and 95% confidence intervals (CIs) for endpoints:
primary operator exposure dose, dose area product (DAP), relative exposure, and screening time.

Our analysis included 892 patients from six studies. Compared to the No-RADPAD group, primary operator
exposure dose (E) was significantly lower in the RADPAD group (OR: -0.9, 95% CI: -1.36 to -0.43, I2 = 80.5%,
p =0.0001). DAP was comparable between both groups (OR: 0.008, 95% CI: -0.12 to -0.14, 12=0%, p=
0.9066). There was no difference in the relative exposure (E/DAP) (OR: -0.47, 95% CI: -0.96 to 0.02, I% = 0%, p
=0.90) and screening time (OR: 0.13, 95% CI: 0.08 to 0.35, 12=0%, p = 0.22) between the two groups.

The interventional cardiology laboratory is exposed to significantly less scatter radiation during procedures
owing to the RADPAD protective drape. Consequently, all catheterization laboratories could be advised to
employ RADPAD protective drapes.

Categories: Other, Cardiology, Radiology
Keywords: radiation prevention, radpad, cath lab, interventional cardiologists, radiation safety

Introduction And Background

Ionizing radiation is a major environmental toxin that has been associated with numerous adverse negative
health effects in the body, ranging from skin lesions to various types of cancer. It has been shown that
exposure to ionizing radiation can lead to tissue reactions (previously known as deterministic effects) or
stochastic effects where the probability of occurrence of an outcome is dose-dependent [1]. The number of
interventional cardiology procedures has been increasing significantly over the past decade, exposing
interventional cardiologists to high cumulative doses of radiation [2]. Therefore, minimizing radiation
exposure to the personnel in the interventional cardiology laboratory is a crucial issue. With the increasing
popularity of minimally invasive procedures for cardiovascular diseases, catheter-based cardiac procedures
like percutaneous coronary intervention (PCI) or transcatheter aortic valve replacement (TAVR) are being
performed more frequently. Given the use of fluoroscopy guidance in such procedures, the inherent
potential of increased radiation exposure must be considered. It has been shown that cardiologists and
related paramedical staff accrue considerable cumulative radiation exposure throughout their careers with a
non-negligible lifetime attributable risk of cancer [3,4]. As a result of this disproportionately increased
ionizing radiation exposure, interventional cardiologists have a correspondingly increased prevalence of
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many health conditions, from localized issues like skin lesions and cataracts to chronic systemic problems,
including hypertension, hypercholesterolemia, and cancer [5]. Given the demonstrated negative health
impacts of catheterization laboratory-related radiation exposure, the current strategies and solutions for
radiation protection must be re-evaluated.

Despite significant investment and research efforts by physicians and industry leaders to develop new
devices and techniques for interventional cardiac procedures, there has been minimal progress in radiation
protection technology over the past two decades [6]. Current strategies to reduce scatter radiation include
placing the X-ray generator as far away as possible from the patient, lowering the frame rate of the image
capture system, and using personal protective equipment, such as lead aprons, thyroid collars, glasses, lead
caps, and arm shields. Various ceiling-suspended screens and table-mounted curtain shields also exist to
minimize scatter radiation further. RADPAD (Worldwide Innovations & Technologies, Inc., Kansas City,
Kansas) is a sterile, lead-free, lightweight, disposable radiation protection shield. The purpose of this meta-
analysis is to provide an overview of the efficacy of RADPAD protection drapes in the cardiac catheterization
laboratory and their role in reducing scatter radiation exposure to interventional cardiologists.

Review

This systematic review and meta-analysis followed the guidelines established by the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) [7] and Assessing the Methodological Quality of
Systematic Reviews-2 (AMSTAR-2) guidelines [8,9]. The checklists of these guidelines are shown in Figure 1,
Supplemental S1, and Supplemental S2, respectively. A literature search was conducted on PubMed, Embase,
and Google Scholar from inception till October 2023 using the following search terms: "radiation safety,"
"radiation protection,” "cardiac catheterization," "percutaneous coronary intervention,” and "interventional
cardiologist.” We used "OR" between two synonyms and "AND" between two different keywords. The studies
were considered eligible for inclusion in our systematic review and meta-analysis if they satisfied the
following criteria: (a) trials or observational studies discussing the efficacy of RADPAD protection drape in
reducing radiation exposure to operators in the cardiac catheterization laboratory; (b) included adult male
or female (>18 years of age) participants; (c) reported at least one of the desired outcomes. Studies including
case reports, clinical spotlights, and review articles were excluded during the screening.

PubMed n= 20 EMBASE articles n= 194

Identification

Total articles n= 214 Duplicates n=5

Titles and abstracts Records excluded
screened n= 209 n=203

Screening

Full-text articles assessed Full-text articles
for eligibility n=6 excluded n=0

Eligibili

Studies included in

qualitative synthesis and
meta-analysis n= 6

FIGURE 1: Flow of the search strategy for systematic review and meta-
analysis using the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses.

Randomized clinical trials (RCTs), pilot trials, and retrospective and prospective studies that meet our
inclusion guidelines were included. The papers were assessed independently by two authors (Khanal R. and
Bahar A.), and full-text articles that passed screening were examined in a second screening phase for the
assessment of relevant outcomes. To identify further papers to be included in the meta-analysis, we also
performed backward snowballing, which involves looking through the reference sections of publications
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that may contain outcomes of interest. A third author (YS) independently reviewed the data screening after
the initial screening.

Data and baseline characteristics were exported to Microsoft Excel (Microsoft Corporation, Redmond, WA),
where they were organized into baseline characteristics, discrete variable outcomes in binary format, and
continuous variable outcomes in a constant format. The baseline data of the included studies that were
extracted had the author’s name, study design, the purpose of the study, type of intervention, results, and
limitations. The characteristics of individual studies are shown in Table / [10-15]. The study outcomes
include primary and secondary outcomes. The primary outcome was the direct operator exposure dose. In
comparison, secondary outcomes were dose area product (DAP), relative exposure (E/DAP), and screening

time.

Stud
Author i Y Purpose of study Intervention Results Limitation
design
Vlastra RADPAD vs. 20% reduction in radiation Exposure to head &
Randomized Efficacy of RADPAD in the cardiac ’ ’ ) eyes was not
etal. . i L NOPAD vs. exposure to the primary operator
clinical trial catheterization lab . measured. Lack of
[10] SHAMPAD  using RADPAD ‘ )
patient dosimetry
Efficacy of RADPAD shield in reducing L Radiation levels
Kherad ) . ) RADPAD vs. Overall, 59% reduction in .
Randomized the radiation dose experienced by the o K were monitored only
etal. . . . . . . NO radiation exposure to primary ,
clinical trial  operator during diagnostic cardiac cath ) on the operator’'s
[15] . RADPAD operators using RADPAD
via femoral access chest
The first randomized study in humans to o
. . o . L Radiation exposure
» . test the efficacy of RADPAD designed to RADPAD vs. Significant reduction of radiation .
Politiet Randomized L ] was not evaluated in
. i decrease the amount of radiation NO exposure to the operator using i
al. [11]  clinical trial . ) o ) . the left radial
received by interventionists via the right RADPAD RADPAD approach
radial approach PP
Assess the efficacy of RADPAD drapes Usage of RADPAD significantly = The dosimeter was
Murphy ) ) ) L ) RADPAD vs. e .
etal Randomized in reducing radiation dose experienced NO reduced radiation exposure to applied to the left
[2] ' clinical trial by operators during prolonged, complex RADPAD primary operators during arm only. The sham
PCI procedures prolonged, complex PCI cases drape was not used
No sham drape was
Shah Radiation exposure reduction to RADPAD 39% reduction in relati used for
a Vs. reduction in relative
Randomized operators with the use of RADPAD and ? . i comparison. The
et al. . K o . NO operative exposure with the use .
clinical trial  measurement of radiation doses in dosimeter was not
[14] ) ) ) o RADPAD of RADPAD .
different angiographic projections applied to
secondary operators
Dose exposure relative to
MILD Randomized Effect of using RADPAD on primary and RADPAD vs. CAST, AK, and DAP in primary  Relatively small
andomize
study linical trial secondary operators during coronary NO and secondary operators was sample size and did
clinical tria
[13] angiography and PCI RADPAD significantly lower (74%, 76%, not use sham drape

and 79%) in the RADPAD group

TABLE 1: Characteristics of the studies included in the meta-analysis.

PCI: percutaneous coronary intervention; CAST: cine adjusted screening time; AK: air kerma; DAP: dose area product; NOPAD: standard
treatment; SHAMPAD: sham shield.

The pooled effect sizes were calculated using CRAN-R software, and the pooled odds risk was calculated
using a meta-bin model along with the Mantel-Haenszel random-effects model. A probability value of p <
0.05 was considered statistically significant. A meta-cont module along with the inverse-variance method
was used to calculate the pooled standard mean difference (SMD) with Hedges’ g for continuous outcomes
with a probability value of p < 0.05 considered to be statistically significant. Higgins 12 was used to assess
heterogeneity with values > 75% indicating high heterogeneity and values of < 50% corresponding to low to
moderate heterogeneity [15].

Our thorough systematic search resulted in a total of 214 articles in the first phase. Following the removal of
duplicates (n = 5), we screened the titles and abstracts of 209 articles in the first phase. Of these, 203 articles
did not meet the inclusion criteria and were excluded. In the second phase of screening, six articles that
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reported the outcomes of interest for our analysis were included in the final analysis after screening
comprehensively with a full-text review. All six studies were randomized controlled trials. Overall, we
evaluated 892 patients (636 males and 256 females) undergoing cardiac catheterization. Patients were
divided between RADPAD and No-RADPAD groups. Among the RADPAD group, 103 patients underwent
femoral access, and 319 patients underwent radial access. Among the No-RADPAD group, 82 patients
underwent femoral access, and 321 patients underwent radial access [9,11-14]. One study did not report
access routes [10].

As shown in Figure 2, primary operator exposure dose (E) was significantly lower in the RADPAD group as
compared to the No-RADPAD group in all six studies (OR: -0.9, 95% CI: -1.36 to -0.43, 12 = 80.5%, p =
0.0001). DAP was found to be comparable between both groups (OR: 0.008, 95% CI: -0.12 to -0.14, 12 = 0%, p
=0.9066). There was no difference in the relative exposure (E/DAP) (OR: -0.47, 95% CI: -0.96 to 0.02, 12 = 0%,
p = 0.90) between the two groups. Screening time was comparatively shorter in the No-RADPAD group;
however, it did not reach statistical significance (OR: 0.13, 95% CI: 0.08 to 0.35, 12 = 0%, p = 0.22) [9,11-14].

Screening Time (seconds)
RAD-PAD No RAD-PAD Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common) (random)
Kherad et al 2017 30 10300 860000 30 10200 360000 —_— 001 [049;052] 18.8%  18.8%
Murphy et al. 2012 30 2004.00 1021.5000 30 171600 786.0000 — 031 [-0.20,0.82] 18.6%  18.6%
Shah et al. 2018 35 1224.00 564.0000 30 1164.00 5520000 B & E— 0.11 [-0.38,0.59] 20.3% 20.3%
Mild et al 2022 77 213960 17720000 60 1940.00 1286 0000 — 013 [-021,046]) 42.3% 42 3%
Common effectmodel 172 150 e 0.14 [-0.08; 0.36] 100.0% -
Random effects model = 0.14 [-0.08; 0.36] - 100.0%
Heterogeneity /= 0%, t° =0, p = 087
-05 a 0.5
Favors RAD-PAD  Favors No RAD-PAD
Primary Operator Dose E (uSV)
RAD-PAD No RAD-PAD Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common) (random)
Viastra etal. 2017 2565 7.00 23000 255 9.50 29300 2095 [1.13-0.76) 57.4%  19.4%
Kherad et al 2017 30 8.00 42250 30 19.60 7.6500 185 [2.46,-1.24] 52%  14.9%
Politi et al 2012 30 28280 325500 30  447.46  154.0000 146 [-2.03;-0.89] 59%  153%
Murphy et al. 2012 30 64800.00 65920.0000 30 109900.00 185325.0000 032 [0.83; 0.19] 74%  161%
Shah et al. 2018 35 40.00 350000 30 59.00 64.0000 037 [-086; 0.12] 8.0% 16.3%
Mild et al. 2022 77 4530 603000 60 12440  189.4000 059 [0.94;-0.25] 162%  18.0%
Common effect model 457 435 -0.87 [1.01;-0.74]  100.0% -
Random effects model -0.90 [-1.37; -0.44] ~  100.0%
Heterogeneity. /° = B0%, ©° = 0.2812, p < 0.01 ¥ 1
2 -1 [ 1 Z
Favors RAD-PAD  Favors No RAD-PAD
Dose Area Product DAP (mGy-cm?)
RAD-PAD No RAD-PAD Standardised Mean Weight  Weight
Study Total Mean SD Total Mean sD Difference SMD  95%-Ci (common) (random)
Viastra et al 2017 2556 32774.00 7881.8000 255 3245000  6597.0000 ¥ 004 [013,022]  619%  619%
Kherad etal 2017 30 13360.00 5816.0000 30 15410.00 8037.0000 - 1 <029 [080,022] 72% 72%
Polili et al. 2012 30 5050000 312000000 30 4580000 183000000 T 0.18 [-0.33 069] 7.3% 7.3%
Murphy et al. 2012 30 13182000.00 929175000000 30 11692000.00 8715500.0000 —— 002 [-0.48,053] 7.3% 7.3%
Mild etal 2022 77 1325300 123510000 60 1429000  12951.0000 - i 0,08 [0.42;0.26] 164%  164%
Common effectmodel 457 405 - 0.01 [0.13; 0.14]  100.0% -
Random effects model ¢- 0.01 [0.13; 0.14] - 100.0%
Heterogenety: 1= 0%, v =0, p =0.70 .
0.5 o 05
Favors RAD-PAD  Favors No RAD-PAD
Relative Exposure E/DAP
RAD-PAD No RAD-PAD Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common) (random)
Viastra et al 2017 255 000 00033 255 000 00004 }—-'-— -003 [-021; 0.14] 732% 38.3%
Shahetal 2018 35 1.39 09500 30 227 14000 ——=—— -0.74 [-1.24,-023] B87% 28.3%
Mild et al. 2022 77 0.00 0.0005 60 0.00 0.0013 —F—— ‘ 0.74 [-1.09,-0.39] 18.1% 33.4%
Common effect model 457 435 -0.22 [-0.37; -0.07] 100.0% -
Random effects model_ -0.47 [-0.96; 0.02] - 100.0%
Heterogeneity: 1> = 88%, < = 0.1575, p < 0.01 T L
-1 05 05 1
Favors RAD-PAD  Favors No RAD-PAD

FIGURE 2: Comparison of screening time, primary operative dose, dose
area product, and relative exposure between RADPAD and No-RADPAD
groups.

Comparison of RADPAD vs. No-RADPAD across six clinical trials: Kherad et al.[15], Murphy et al. [12], Shah et
al. [14], MILD study [13], Vlastra et al. [10], and Politi et al. [11]. The figure illustrates the mean screening time
(seconds), primary operator dose, dose area product, and relative exposure for procedures performed with and
without RADPAD. Statistical significance is denoted by p < 0.05. RADPAD usage demonstrated a significant
reduction in the primary operator’s exposure dose (OR: - 0.9, 95% Cl: -1.36 to -0.43, 12 = 80.5%, p = 0.0001).
There was no statistically significant difference between the two groups in terms of dose area product, screening
time, and relative exposure (p > 0.05).

DAP: dose area product; SMD: standard mean difference.

The revised Cochrane risk-of-bias 2 (RoB 2) tool for randomized trials was used for the assessment of bias in
the included RCTs (Supplemental S4).

Given that all of the studied outcomes are reported by less than 10 studies, heterogeneity among the
outcomes of the included studies is evident. As per the Cochrane Handbook for Systematic Reviews of
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Interventions, it is not possible to differentiate between true heterogeneity and findings merely by chance if
the number of included studies is less than 10 [16]. Moreover, sampling error could explain the high
percentage of variability.

Deterministic side effects usually occur once a certain threshold of ionizing radiation has been received. On
the counterpart, stochastic effects are less predictable. They are a result of the damage to deoxyribonucleic
acid (DNA) without leading to cell death. This damage to DNA can eventually lead to cell proliferation and
subsequently neoplastic process. Although there is no specific or set threshold for stochastic effects, the risk
is proportional to the dose [17]. In the interventional cardiovascular lab, the principal risks to be considered
are stochastic risks of radiation-induced cataract formation and cancer as doses to the operator and staff do
not typically approach thresholds of tissue reactions if the standard radiation protection tools are used [2].

Radiation-induced cataract is an important consideration in the realm of occupational and medical use of
ionizing radiation. The exposures have historically been incurred in nuclear incidents, accidental exposures,
and medical procedural settings [18]. Ionizing radiations include X-rays and gamma rays. These two types of
high-energy radiation induce molecular and cellular changes in the lens. This leads to structural and
functional changes in the epithelial and fiber cells of the lens culminating in cataract formation [18].
Radiation exposure also damages cellular DNA, which leads to a decrease in the production of cellular
protective enzymes and altered intracellular protein concentrations. Radiation cataract primarily develops
once a high dose threshold is exceeded [19]. However, several other studies have pointed toward cataract
development at lower doses [20,21]. Healthcare workers involved in fluoroscopy-guided procedures are at
the most significant risk of cataract formation. Among interventional cardiologists, radiation exposures in
the cath lab particularly increase the risk of posterior subcapsular cataracts, although nuclear and cortical
cataracts may also occur [21]. Regular eye exams are warranted to monitor changes in the lens. Preventive
strategies include adopting measures to reduce unnecessary radiation exposure.

Radiation-induced cancer risk is well supported by the data from the Hiroshima and Nagasaki tumor
registries [22]. Interventional cardiologists have a significant lifetime exposure to radiation ranging from 50
mSv to 200 mSv. This approximately correlates to 2500 to 10,000 chest X-rays [5]. With exposure to 100 mSv
of radiation, there is an estimated 1% (0.3%-3%) incidence of radiation-induced cancer [5,22]. Andreassi et
al. reported an adjusted odds ratio of 3.0 (0.6 to 13.7) of developing cancer in interventional cardiology staff
compared to unexposed counterparts [5]. Among the different types of cancers associated with radiation,
thyroid cancers, left-sided brain cancers, solid organ cancers, and leukemias have been described [9].

The risk of radiation-induced cancer depends on multiple variables in addition to radiation dose. The risk is
higher in the younger population than the elderly and higher in females than males [22]. With the increase in
the number and complexity of the cath-lab procedures requiring a longer duration of radiation, the risk of
radiation-induced cancer is significant [17].

To the best of our knowledge, this paper is the first meta-analysis studying the efficacy of RADPAD in
reducing the dose of radiation to the operator in the real world. Our results showed that the use of RADPAD
protection drape significantly reduces scatter radiation exposure to primary and secondary operators in the
cardiac catheterization laboratory during both simple and complex procedures.

Conventional lead aprons are heavy and uncomfortable and do not provide complete protection from scatter
radiation especially to the eyes, brain, and arms [23]. RADPAD is a lead-free protection drape that absorbs
scatter radiation from the patient by creating a shade zone for the catheterization lab personnel. It reduces
scatter radiation to the operator, especially in areas that are not protected by usual protection devices.
Operation of the drape from opening the package to positioning it on the patient takes less than 30 seconds
[24]. Previous studies have demonstrated up to 72% reduction in the operator dose using a lead-free
protection drape in a simulated cardiac cath lab operating through the radial route [25]. It has shown up to
86% reductions in scattered radiation dose to the operator in anthropomorphic phantom models [26]. The
first randomized trial in humans was reported in 2012 by Politi et al. showing up to 34% reduction in
radiation exposure to interventional cardiologists during diagnostic coronary angiography operating
through the radial access with the utilization of RADPAD drape despite similar fluoroscopy time and total
examination dose [11]. The study also suggested that the use of RADPAD is feasible given that the drape is
simple to position and does not constitute a physical obstacle during the procedure. However, the
fluoroscopy time was considerably short in the above study and the amount of radiation reduction
obtainable could not be discerned if RADPAD protection drapes were used in more complex and lengthier
procedures. The risk of exposure to scatter radiation increases exponentially in chronic total occlusion
(CTO) cases given the requirement for relatively long cine runs for adequate visualization of the collateral
circulation during PCI for CTO as well as multiple orthogonal imaging of the target artery during the wiring
of CTOs. In a study performed by Murphy et.al, it was demonstrated that RADPAD significantly reduces the
dose of scatter radiation to the primary operators during complex and prolonged cases such as multivessel
PCI, rotational atherectomy, and CTOs [12]. However, the study was limited by the fact that radiation levels
were measured only on the operator’s left arm and the radiation doses between the two groups could have
possibly been different if it had been measured at different sites. Shah et al. also conducted a similar study of
65 randomly selected patients undergoing complex PCI with or without RADPAD drape, which demonstrated
a 39% reduction in the relative operator exposure with the use of RADPAD [14]. Data from previous studies
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have shown that the highest attenuation of scatter radiation is obtained at the sites closest to the radiation
source, such as arms and wrists, in comparison to dosimetry at chest and eye level [11,27]. Taking this into
consideration, the study by Kherad et. al showed a 59% decrease in radiation exposure to primary operators
during routine diagnostic coronary angiography performed via femoral access with the radiation levels
measured at the operator’s chest [15]. The higher reduction rates in the radiation exposure to the primary
operator in the above studies could be biased given the small study size and the fact that the dosimetry was
performed at the left-arm level. However, the efficacy of RADPAD was further supported by the randomized
control trial performed by Vlastra et. al in 2017, which included a relatively larger study population with the
dosimetry performed at the chest level. In their study, a total of 766 coronary procedures were randomized
to the use of RADPAD, standard treatment (NOPAD), or sham shield (SHAMPAD). The use of RADPAD was
associated with a 20% reduction in relative operator exposure compared with that of NOPAD and a 44%
relative exposure reduction compared with the use of SHAMPAD [10]. Studies have shown that left anterior
oblique (LAO) oriented projections are the largest source of scatter radiation as compared to the rest of the
views during coronary angioplasty [13,28]. The use of RADPAD could mitigate the risk of operator’s radiation
exposure during procedures particularly requiring LAO views [13]. The secondary operator (SO) has a lower
risk of scatter radiation exposure as compared to the primary operator (PO) due to the distance from the
primary beam and source; however, the cumulative effects of radiation exposure to SO can have similar
adverse effects as that of PO [29,30]. In the MILD study of 137 patients undergoing elective coronary
angiography and PCI, the use of RADPAD was associated with a 64% reduction in radiation exposure to the
PO and up to 79% reduction in the SO [13].

RADPAD has also been shown to reduce radiation exposure during other cardiovascular and non-
cardiovascular procedures, such as cardiac resynchronization therapy, pacemaker and defibrillator
placement, endovascular treatment of peripheral artery disease, and CT fluoroscopy-guided lung biopsy
[29,31-33].

Limitations of the study include small sample sizes in four out of six studies and the wide range of cases
that cause variability in fluoroscopy use. Also, it could be conceived that the use of the RADPAD drape made
the operator more aware of radiation safety and that this may have made a bias during the dosimetry
readings.

Conclusions

The RADPAD protection drape significantly reduces scatter radiation exposure to the primary and secondary
operators in the interventional cardiology laboratory during simple procedures as well as prolonged and
complex procedures. It is a simple and convenient drape that could reduce the development of radiation-
induced complications, including cataracts and cancer, in interventional cardiology personnel in the long
term. Therefore, the use of RADPAD protection drapes should be recommended in all catheterization
laboratories.

Appendices

Supplementary files index

1. Supplemental S1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
checklist

2. Supplemental S2: AMSTAR-2 (Assessing the Methodological Quality of Systematic Reviews-2) guidelines
checklist

3. Supplemental S3: Research question, PICO (population, intervention, comparison, and outcomes), MeSH
and keywords, and search strategy
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= PRISMA 2020 Checklist

Location

?gn‘:’" i 2“"' Checklist item where item
[ Top s reported
TITLE
Title [ 1 1genuty tne report as a systematic review. 1
ABSTRACT
Abstract | 2 | ‘See the PRISMA 2020 for Absiracts checklist 1-2
INTRODUCTION
Rationale [ 3 pescrive the rationate for the review in the context of existing knowiedge. 3
Objectives | 4| Provide an explicit statement of the objectiva(s) or question(s) the review addresses. 3
METHODS
Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. 4
Information 6 [ Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the 4
sources date when each source was last searched or consulted.
Search strategy 7 | Present the full search sirategies for all databases, registers and websites, including any filters and limits used. 4
Selection process 8 | Specify the methods used to decide whetner a study met the inclusion criteria of the review, including how many reviewers screened each record a
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
Data collection 9 | Specify the methods used fo collect data from reports, including how many reviewers collected data from each report, whether they worked
process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the 4
process.
Dataitems. 10a | Listand define all outcomes for which data were scught. Specify whether all results that were compatible with each outcome domain in each 4
study were sought (e.g. for time points, analyses), and if not, the methods used to decide which results to collect
10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 4
assumptions made aboul any missing or unclear information.
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each 45
study and whether they worked i and if applicable, details of tools used in the process. g
Effect measures 12 | Specity for each outcome the effect measure(s) (e.g. sk ratio, mean used in the synth of results. 4-5
Synthesis 13a | Describe the processes used 1o decide which studies were eligible for each synthesis (.. tabulating the study intervention characteristics and 45
methods comparing against the planned groups for each synthesis (item #5)),
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling cf missing summary statistics, or data =
conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. :
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 5
model(s), method(s) to identify the presence and exient of siatistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of ity among study results (e.9. subgroup analysis, meta-regression). 5
13f | Describe any sensifivily analyses conducled lo assess robusiness of the synthesized results. 56
Reporting bias 14 | Describe any methods used to assess risk of bias due 1o missing results in a synthesis (arising from reporting biases) 45
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. 5

FIGURE 3: Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist.

= PRISMA 2020 Checklist

Section and Eocaton

Topic Checklist item where item

s reported
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identfied in the search to the number of studies included in 6
the review, ideally using a flow diagram
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded 5
Study 17 | Cite each included study and present its characteristics. 5
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study. 6
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b} an effect estimate and s precision =
individual studies (e.g. confidence/credible interval), ideally using structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. 6
syntheses 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. 6
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results 6
20d | Present results of all sensitivity analyses conducted 1o assess the robustness of the synthesized results. 6
Reporting biases 21 | Present of risk of bias due 1o missing results (arising from reporting biases) for ach synthesis assessed. 6
Centainty of 22 [ Present assessments of certainty (of confidence) in the body of evidence for each outcome assessed. 6
evidence
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence. 8
23b | Discuss any imitations of the evidence included in the review. 8
23c | Discuss any imitations of the review processes used. 89
23d | Discuss implications of the results for practice, policy, and future research. 10
OTHER INFORMATION
Registration and 24a | Provide it for the review, including register name and ion number, or state that the review was not registered. 4
protocol 24b | Indicate where the review protocol can be accessed, of stale that a protocol was not prepared. 4
24c | Describe and explain any toi provided at regi: orin the protocol.
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. 1
Competing 26 | Declare any competing interests of review authors. 1
interests
Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included
data, code and studies; data used for all analyses; analytic code; any other materials used in the review. -
other materials

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BNU 2021,372n71. doi
10.1138bmjn71
For more visit: hitpJ/www prisma-stals torgl

FIGURE 4: Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist 2.

Supplemental S2

2024 Bahar et al. Cureus 16(4): €59215. DOI 10.7759/cureus.59215

7of 14


https://assets.cureus.com/uploads/figure/file/917097/lightbox_f0c569f0c88111eeb2592f084b7ab6c4-PRISMA-Checklist-1-.png
https://assets.cureus.com/uploads/figure/file/917099/lightbox_4ac6f2c0c88211eea12625849ac80b06-PRISMA-Checklist-2-.png

Cureus

Part of SPRINGER NATURE

AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-

randomised studies of healthcare interventions, or both

from the protocol?

For Partial Yes: For Yes:

The authors state that they had a written  As for partial yes, plus the protocol
protocol or guide that included ALL the  should be registered and should also
following: have specified:

¥ review queslion(s) a meta-analysis/synthesis plan,

¥ asearch strategy if appropriate, and

¥ inclusion/exclusion criteria aplan for investigating causes
- . . of heterogeneity

¥ arisk of bias assessment

O justification for any deviations
from the protocol

For Yes, the review should satisfy ONE of the following:
¥ Explanation for including only RCTs
0 OR Explanation for including only NRST

[ OR Explanation for including both RCTs and NRSL

4. Did the review authors use a comprehensive literature search strategy?

For Partial Yes (all the following): For Yes, should also have (all the
following):

¥ scarched at least 2 databases ¥ scarched the reference lists /
(relevant to research question) bibliographies of included

¥ provided key word and/or studies
search strategy 0 scarched trial/study registries

¥ justified publication restrictions included/consulted content
(c.g. language) experts in the field

where relevant, searched for
grey literature

conducted search within 24
months of completion of the
review

¥

5. Did the review authors perform study selection in duplicate?

For Yes, either ONE of the following:

i at least two reviewers independently agreed on sclection of eligible studies
and achieved consensus on which studies to include
OR two reviewers selected a sample of eligible studies_and achieved good
agrecment (at least 80 percent), with the remainder selected by one
reviewer.

X

4

3. Did the review authors explain their selection of the study designs for inclusion in the review?

1 &

1. Did the research questions and inclusion criteria for the review include the components of PICO?

For Yes: Optional (recommended)
¥  Population o Timeframe for follow-up ¥ Yes
¥  Intervention 0 No
¥  Comparator group
¥l Qutcome
2. Did the report of the review contain an explicit statement that the review methods were

established prior to the conduct of the review and did the report justify any significant deviations

-

s
Partial Yes
[1]

Z

Yes
No

Yes
Partial Yes
No

FIGURE 5: AMSTAR-2 (Assessing the Methodological Quality of

Systematic Reviews-2) guidelines checklist.
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both

6.

Did the review authors perform data extraction in duplicate?

For Yes, cither ONE of the following:
¥ at least two reviewers achieved consensus on which data to extract from

o]

i f

For Partial Yes:

8.

For Partial Yes (ALL the following):

9.

RCTs

For Partial Yes, must have assessed RoB

from

NRSI

For Partial Yes, must have assessed

RoB:

included studies

OR two reviewers extracted data from a sample of eligible studies and
achieved good agreement (at least 80 percent), with the remainder

extracted by one reviewer.

Did the review authors provide a list of excluded studies and justify

provided a list of all potentially ¥
relevant studies that were read

in full-text form but excluded

from the review

Did the review authors describe the included studies in adequate detail?
For Yes, should also have ALL the

For Yes, must also have:

Justified the exclusion from
the review of cach potentially
relevant study

following:

described populations ¥
described interventions ¥
described comparators

described outcomes

described research designs

LYY

Did the review authors use a satisfactory technique for

described population in detail
described intervention in
detail (including doses where
relevant)

described comparator in detail
(including doses where
relevant)

described study’s setting
timeframe for follow-up

individual studies that were included in the review?

from:
unconcealed allocation, aind ¥
lack of blinding of patients and -
assessors when assessing )

oulcomes (unnecessary for
objective outcomes such as all-
cause mortality)

from confounding, and
from selection bias =

For Yes, must also have assessed RoB

allocation sequence that was
not truly random, and
selection of the reported result
from among multiple
measurements or analyses of a
specified outcome

For Yes, must also have assessed RoB:

methods used to ascertain
exposures and outcomes, aitd
sclection of the reported result
from among multiple
measurements or analyses of a
specified outcome

]

¥

¥

10 &

Yes
No

the exclusions?

Yes
Partial Yes
No

Yes
Partial Yes
No

sing the risk of bias (RoB) in

Yes

Partial Yes
No

Includes only
NRSI

Yes

Partial Yes
No

Includes only
RCTs

10. Did the review authors report on the sources of funding for the studies included in the review?
For Yes

Must have reported on the sources of funding for individual studies included
in the review. Note: Reporting that the reviewers looked for this information

but it was not reported by study authors also qualifies

O Yes
¥ No

FIGURE 6: AMSTAR-2 (Assessing the Methodological Quality of
Systematic Reviews-2) guidelines checklist.
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-

randomised studies of healthcare interventions, or both

combination of results?
RCTs
For Yes:
¥ The authors justified combining the data in a meta-analysis
AND they used an appropriate weighted technique to combine
study results and adjusted for heterogeneity il present.
¥/ AND investigated the causes of any heterogeneity
For NRSI
For Yes:
[ The authors justified combining the data in a meta-analysis
AND they used an appropriate weighted technique to combine
study results, adjusting for heterogeneity if present
AND they statistically combined effect estimates from NRSI that
were adjusted for confounding, rather than combining raw data,
or justified combining raw data when adjusted effect estimates
were not available
AND they reported separate summary estimates for RCTs and
NRSI separately when both were included in the review

W3]

12, If meta-analysis was performed, did the r

For Yes:
[ included only low risk of bias RCTs
¥ OR, il'the pooled estimate was based on RCTs and/or NRSI at variable
RoB, the authors performed analyses to investigate possible impact of
RoB on summary estimates of effect.

13.

w

results of the review?
For Yes:
[ included only low risk of bias RCTs

¥ OR, if RCTs with moderate or high RoB, or NRSI were included the
review provided a discussion of the likely impact of RoB on the results

14.

=

heterogeneity observed in the results of the review?
For Yes:
¥ There was no significant heterogeneity in the results
OR if heterogeneity was present the authors performed an investigation of
sources of any heterogeneity in the results and discussed the impact of this
on the results of the review

the review?
For Yes:
[ performed graphical or statistical tests for publication bias and discussed
the likelihood and magnitude of impact of publication bias

LY

individual studies on the results of the meta-analysis or other evidence synthes

11. If meta-analysis was performed did the review authors use appropriate methods for statistical

Yes

No

No meta-analysis
conducted

Yes

No

No meta-analysis
conducted

v authors assess the potential impact of RoB in

2

¥  Yes

0 No

[ No meta-analysis
conducted

Did the review authors account for RoB in individual studies when interpreting/ discussing the

¥ Yes
No

Did the review authors provide a satisfactory explanation for, and discussion of, any

¥ Yes
0 No

15. If they performed quantitative synthesis did the review authors carry out an adequate
investigation of publication bias (small study bias) and discuss its likely impact on the results of

No meta-analysis
conducted

FIGURE 7: AMSTAR-2 (Assessing the Methodological Quality of

Systematic Reviews-2) guidelines checklist.
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both

16. Did the review authors report any potential sources of conflict of interest, including any funding
they reccived for conducting the review?
For Yes:
¥ The authors reported no competing interests OR
[J The authors described their funding sources and how they managed
potential conflicts of interest

Yes
No

O®

To cite this tool: Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher D, Tugwell P,
Welch V, Kristiansson E, Henry DA. AMSTAR 2: a critical appraisal tool for systematic reviews that
include randomised or non-randomised studies of healthcare interventions, or both. BMJ. 2017 Sep
21,358:j4008.

FIGURE 8: AMSTAR-2 (Assessing the Methodological Quality of
Systematic Reviews-2) guidelines checklist.

Supplemental S3
Research Question, PICO, MeSH Terms and Keywords, and Search Strategy

Research question: Assessing the efficacy of RADPAD protection drape in reducing radiation exposure to
operators in the cardiac catheterization laboratory.

PICO: Population - operators in the catheterization laboratory. Intervention - RADPAD protection
drape. Comparison - No RADPAD. Outcomes - (1) Primary outcomes: direct operator exposure dose. (2)

Secondary outcomes: dose area product (DAP), relative exposure (E/DAP), and screening time.

Study type: Odds ratio to compare binary outcomes and standard mean difference to compare continuous
outcomes meta-analyses.

MeSH terms & keywords: Radiation safety, radiation protection, radiation exposure, RADPAD,
catheterization laboratory, interventional cardiologist, interventional cardiology, primary operator, and
secondary operator.
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Risk of bias domains

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Judgement

@ +igh

- Some concerns

. Low

FIGURE 9: Cochrane risk-of-bias (ROB) tool assessment for included
randomized controlled trials (RCTs).

Assessing the risk of bias of the included randomized clinical trials. Overall, there is a low risk of bias in the study
by Vlastra et al. [10], some concerns for bias in the studies by Politi et al. [11] and Bhat et al. [13], and a high risk
of bias in the studies by Kherad et al. [15], Shah et al. [14], and Murphy et al. [12].

Assessing the Efficacy of RADPAD Protection Drape in Reducing Radiation

Exposure to Operators in the Cardiac Catheterization Laboratory: A Systematic
Review and Meta-Analysis

|.|- OBJECTIVE: to study the effectiveness of RADPAD protection drapes in the cardiac catheterization lab

Data Search: PubMed,
EMBASE, Google Scholar

Intervention: RADPAD
Control: NON-RADPAD

Intervention Group:
Control Group: 436

studies: 6

456 E%E] [|

Significant reduction
in the primary
operator exposure
dose

Insignificant
difference Dose Area

Product

Number of eligible

~0 ~ O
/NS

FIGURE 10: Graphical abstract.
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