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Abstract
Purpose Electrophysiology procedures pose infection risk and require surgical room sterility. Currently, there is no universally
approved protocol for disinfecting lead garments in the electrophysiology laboratory. This study explores the feasibility of using
ATP testing to assess the microbial burden of lead aprons and evaluates the impact of a sanitary intervention.
Methods Adenosine triphosphate (ATP) testing is a well-established hospital standard to quantify biological matter on a surface
and, by proxy, the microbial burden. It is measured in RLU (relative light units). Pre-intervention ATP testing was performed on
34 lead garments after use for electrophysiology procedures. The thyroid collar, mid-chest vest, and left axillary areas of the
garments were swabbed using a Hygiena SystemSure II luminometer with ATP swabs (Hygiena, Camarillo, CA). These sites
were then disinfected with disinfectant wipes (PDI Super Sani-cloth Germicidal DisposableWipe) and ATP testing was repeated.
Results The mean duration of garment wear was 213 min. The thyroid collars had the highest mean RLU before intervention,
followed by the mid-chest vest and the left axillary areas. The intervention was found to significantly decrease ATP readings for
all three sites (p = 0.0002, p = 0.0001, p = 0.0002 respectively). Linear regression modeling to assess the impact of intervention
showed a significant correlation with pre-intervention ATP values for all three sites but no correlation with fluoroscopy time,
fluoroscopy dose, or total time spent within the procedure.
Conclusions Lead garments harbor microbial contamination after use according to ATP testing. A sanitary intervention can
decontaminate lead garments and potentially reduce rates of hospital infection.
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1 Background

Infections complicate 1–2% of cardiovascular implantable
electronic device (CIED) procedures, which are expected to
become more prevalent due to an aging population with sig-
nificant cardiovascular morbidities [1]. Ablation procedures,
such as for atrial fibrillation, can also be complicated by

postoperative infections, including post-procedure sepsis and
central venous catheter-related bloodstream infections [2].
Although both types of infections are rare, they can be accom-
panied by high morbidity, mortality, and medical costs, ne-
cessitating the implementation of infection prevention strate-
gies in the electrophysiology laboratory [1, 2]. Lead garment
maintenance may represent a focus for improvement as these
garments are often inconsistently sanitized, leading to contam-
ination withmultidrug-resistant pathogens [3]. Although these
garments are worn under sterile surgical gowns, certain re-
gions of the garments, such as the external surface of the
thyroid collar, may not be sufficiently covered by the gown
[4]. Intraoperative contact with providers’ skin and clothing
and perioperative patient-provider interactions are other in-
stances whereby contaminated lead garments can potentially
cause infection [4]. Recently, adenosine triphosphate (ATP)
testing has emerged as a CDC-approved alternative for
assessing microbial contamination as it can provide objective,
on-the-spot results [5, 6]. Testing involves a bioluminescence
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reaction in which the generated amount of light, expressed in
relative light units (RLU)/s, is proportional to the amount of
ATP present, which serves as a proxy for microbial burden
[5]. The method has been validated for assessing surface hy-
giene in the food industry and is now being utilized in the
same capacity for hospital environments [5]. The aim of the
present study was to utilize a novel, point-of-care ATP testing
protocol for quantifying microbial contamination of lead gar-
ments and for measuring the impact of a simple cleaning
intervention.

2 Methods

Thirty-four lead garments with affixed thyroid collars were
tested after use for device implantation procedures and abla-
tion procedures. Each of the lead garments belonged to a
unique operator of the electrophysiology lab, with lead gar-
ments not being routinely shared among operators. The gar-
ments belonged to 24 MDs, 5 RNs, and 5 CVTs. An ATP
luminometer was used to approximate the level of microbial
contamination (Hygiena SystemSure II with Ultrasnap swab;
Hygiena, Camarillo, CA) on the lead garments, which is con-
sidered first-generation ATP testing. One hundred RLU was
used as the threshold for assessing cleanliness [6]. Cleaning
was performed through the use of disinfectant wipes (PDI
Super Sani-cloth Germicidal Disposable Wipe; PDI
Healthcare, Inc.). These alcohol-based wipes have bactericid-
al, tuberculocidal, and virucidal properties, making them ideal
for targeting the wide array of pathogens colonizing hospital
surfaces [7]. Additionally, this wipe has been recognized by
the EPA for its protective properties against SARS-CoV-2 [7].
Specific test data is not available, but use of the wipe may
cause irritation to the skin or to the respiratory tract if vapors
are inhaled at high concentrations [8].

Three locations on the external surfaces of the lead gar-
ments were swabbed for 30 s each: the thyroid collar, mid-
chest vest, and left axillary areas of the chest shield (Fig. 1a).
Each swab was inserted into the ATP luminometer system,
which provided measurements in RLU within approximately
10 s. Immediately after the procedure, the garments were
swabbed to record baseline ATP values (pre-intervention).
The established locations were then cleaned with disinfectant
wipes (intervention). After disinfection, 3 min were allotted
for drying before repeat ATP measurements were taken (post-
intervention). Total procedure time (time an individual pro-
vider spends within a procedure wearing their garment), fluo-
roscopy time, and fluoroscopy dose were also recorded. Two-
sample t tests were used to compare mean values of ATP
measurements before and after intervention. Differences were
reported as significant if p < 0.05. A linear regression analysis
was used to determine the effect of intervention. Analyses

were performed using SAS (version 9.4; SAS Institute,
Cary, NC).

3 Results

The total procedure time ranged from 25 to 428 min, and the
mean total procedure time was 212.65 ± 119.10 min. It was
not possible to ascertain the mean duration of wear per proce-
dure across the lifetime of the garments. However, among the
procedures included in this study, MDs had significantly lon-
ger duration of wear (procedure time) compared to RNs and
CVTs (p = 0.0001). The thyroid collar registered the largest
mean ATP value pre-intervention, followed by the mid-chest
vest and left axillary area. ATP values decreased significantly
post-intervention for the thyroid collars, vest, and axillary
areas of the lead garments (p = 0.0002, p = 0.0001, p =
0.0002; Fig. 1b). Of the 34 samples of garments, 7 thyroid
collars (20.6%), 6 mid-chest vest shields (17.7%), and 0 left
axillary areas were above the recommended threshold value
(100 RLU) prior to disinfection. After the cleaning interven-
tion, 1 thyroid collar (2.9%), 0 mid-chest vest shields, and 0
left axillary areas failed to fall below the threshold value (Fig.
1b). Additionally, a linear regression model to assess the im-
pact of the cleaning protocol showed a significant correlation
with pre-intervention ATP values for all three sites (thyroid
p = 0.007, chest = 0.03, armpit = 0.008). However, there was
no correlation with fluoroscopy time, fluoroscopy dose, or
total procedure time. Interestingly, the linear regression model
for the intervention for the thyroid collar site demonstrated a
significant correlation for MDs compared to RNs and CVTs
(p = 0.04).

4 Discussion

Electrophysiology procedures require the highest practices of
surgical sterility [1]. Despite this, there are no standardized
disinfection protocols for lead garments in the electrophysiol-
ogy laboratory. Focusing on lead garment maintenance may
prove beneficial in a hospital environment bearing high rates
of surface microbial contamination with potentially pathogen-
ic organisms [3, 4, 6]. Overall, our findings suggest that
implementing a novel, point-of-care disinfection protocol
consisting of ATP testing in conjunction with disinfection
wipes may significantly reduce the microbial contamination
of lead garments in all three tested regions. However, the
thyroid collar region, which may be exposed above the sterile
gown, was the most recalcitrant to disinfection of the three, as
demonstrated by a thyroid collar failing to drop below the 100
RLU threshold after cleaning. This was likely due to higher
microbial burden pre-intervention for thyroid collars, which
also led to higher residual burden post-intervention (Fig. 1b).
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A significant correlation between post-intervention thyroid
collar ATP values and MD wear suggests that longer, contin-
uous wear of garments by MDs compared to RNs and CVTs
results in greater thyroid collar contamination. Nevertheless,
our results demonstrate that the cleaning protocol itself was
not impacted by procedural elements such as total procedure
time (equivalent to duration of garment wear) or fluoroscopy
time and dose. Therefore, we suspect that any failure of dis-
infection around the thyroid collar may not be due to the
cleaning protocol but rather the duration of continuous lead
garment wear, causing baseline high microbial burden.

We predict that this intervention would be cost-effective
and feasible, given the affordability of disinfectant wipes
and their widespread availability within hospitals [7].
Comparatively, cardiac device implantation infections cost
upwards of $50,000 per event [9]. This study is limited by
the imperfect correlation between ATP counts and degree of
microbial contamination; however, a strict threshold of clean-
liness was employed and very low readings were obtained
post-intervention, which is associated with low aerobic colony
counts [5, 6]. Additionally, ATP testing has been recognized
by the CDC as an objective way to appraise cleaning effec-
tiveness in hospital settings and was recommended to us by
our Hospital Epidemiology Committee [5].

Further studies are warranted to demonstrate the impact of
the cleaning intervention on infection rates. Although, owing
to its simplicity and affordability, we believe the current pro-
tocol could be reasonably implemented before and after each
procedure. We envision a two-pronged approach with a pre-
operative and postoperative phase. In the preoperative phase,
baseline ATP testing is performed on garments for the team
members who will scrub for the procedure. If the ATP value is

found to be greater than the 100 RLU threshold, disinfectant
wipe cleaning must be performed, with a recommended air
drying time of 3 min. In the postoperative phase, we always

Region of Lead Garment 
Swabbed

Mean ATP value (RLU) and % samples above ATP threshold

Pre-Intervention Post-Intervention P-Value

Thyroid Collar 89.82 110.90 (20.6%) 19.38 41.73 (2.9%) 0.000190 *

Mid-chest Vest 44.21 50.31 (17.7%) 7.79 8.58 (0.0%) 0.000095 *

Left Axillary 14.62 18.38 (0.0%) 2.56 5.01 (0.0%) 0.000157 *

a

b

Fig. 1 Thyroid collar, mid-chest
vest, and left axillary region of a
lead garment swabbed for ATP
testing (a, in order from left to
right), two-sample t test analysis
of pre-intervention and post-
intervention ATP values, also
showing % samples above 100
RLU threshold pre- intervention
and post-intervention (b)

Fig. 2 Preoperative testing flowchart. Cleaning protocol refers to
protocol described in the “Methods” section
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recommend cleaning with disinfectant wipes irrespective of
ATP testing results. ATP testing is optional in the postopera-
tive phase. The suggested protocol is illustrated in Fig. 2.
Either one person can be designated as point of contact for
ATP testing and garment cleaning or the individual user can
be responsible. This could be guided by individual institution-
al workflows.
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