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Abstract

Background Contaminated operating room surfaces can

increase the risk of orthopaedic infections, particularly

after procedures in which hardware implantation and

instrumentation are used. The question arises as to how

surgeons can measure surface cleanliness to detect

increased levels of bioburden. This study aims to highlight

the utility of adenosine triphosphate (ATP) biolumines-

cence technology as a novel technique in detecting the

degree of contamination within the sterile operating room

environment.

Questions/Purposes What orthopaedic operating room

surfaces are contaminated with bioburden?

Methods When energy is required for cellular work, ATP

breaks down into adenosine biphosphate (ADP) and

phosphate (P) and in that process releases energy. This

process is inherent to all living things and can be detected

as light emission with the use of bioluminescence assays.

On a given day, six different orthopaedic surgery operating

rooms (two adult reconstruction, two trauma, two spine)

were tested before surgery with an ATP bioluminescence

assay kit. All of the cases were considered clean surgery

without infection, and this included the previously per-

formed cases in each sampled room. These rooms had been

cleaned and prepped for surgery but the patients had not

been physically brought into the room. A total of 13 dif-

ferent surfaces were sampled once in each room: the

operating room (OR) preparation table (both pre- and

postdraping), OR light handles, Bovie machine buttons,

supply closet countertops, the inside of the Bair HuggerTM

hose, Bair HuggerTM buttons, right side of the OR

table headboard, tourniquet machine buttons, the Clark-

socket attachment, and patient positioners used for total hip

and spine positioning. The relative light units (RLUs)

obtained from each sample were recorded and data were

compiled and averaged for analysis. These values were

compared with previously published ATP benchmark val-

ues of 250 to 500 RLUs to define cleanliness in both the

hospital and restaurant industries.

Results All surfaces had bioburden. The ATP RLUs

(mean ± SD) are reported for each surface in ascending

order: the OR preparation table (postdraping; 8.3 ± 3.4),

inside the sterilized pan (9.2 ± 5.5), the inside of the Bair

HuggerTM hose (212.5 ± 155.7), supply closet countertops

(281.7 ± 236.7), OR light handles (647.8 ± 903.7), the OR

preparation table (predraping; 1054 ± 387.5), the Clark-

socket attachment (1135.7 ± 705.3), patient positioners

used for total hip and spine positioning (1201.7 ± 1144.9),

Bovie machine buttons (1264.5 ± 638.8), Bair HuggerTM

buttons (1340.8 ± 1064.1), tourniquet machine buttons

(1666.5 ± 2144.9), computer keyboard (1810.8 ± 929.6),
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and the right side of the OR table headboard

(2539 ± 5635.8).

Conclusions ATP bioluminescence is a novel method to

measure cleanliness within the orthopaedic OR and can

help identify environmental trouble spots that can poten-

tially lead to increased infection rates. Future studies

correlating ATP bioluminescence findings with microbi-

ology cultures could add to the clinical utility of this

technology.

Clinical Relevance Surfaces such as the undersurface of

the OR table headboard, Bair HuggerTM buttons, and

tourniquet machine buttons should be routinely cleansed as

part of an institutional protocol. Although correlation

between ATP bioluminescence and clinical infection was

not evaluated in this study, it is the subject of future

research. Specifically, evaluating microbiology samples

taken from these environmental surfaces and correlating

them with increased bioburden found with ATP biolumi-

nescence technology can help promote improved surgical

cleaning practices.

Introduction

Healthcare-associated infections often have multiple eti-

ologies, of which cleanliness of hospital surfaces can play a

large role [11]. This is perhaps most important in the

operating room, where a sterile environment is paramount

to decreasing the burden of hospital-acquired morbidity

and surgical site infections. Contaminated hospital surfaces

greatly contribute to the transmission of healthcare-

associated pathogens, including methicillin-resistant Sta-

phylococcus aureus (MRSA), vancomycin-resistant

Enterococcus spp (VRE), and Clostridium difficile [19, 21].

In fact, MRSA and VRE can survive for weeks on envi-

ronmental surfaces in healthcare facilities [4]. Evidence

exists demonstrating that when patients enter a room pre-

viously occupied by a patient with MRSA, VRE,

Acinebacter spp, or C difficile, the new patient is at

increased risk for acquiring the infection [12, 19, 21].

First used in the food industry, adenosine triphosphate

(ATP) bioluminescence monitoring has been become

broadly applicable in the healthcare setting to provide rapid

results regarding hospital cleanliness with improved ben-

efits in the control of surface contamination and application

of corrective action against poor hygiene [1, 3]. Because

ATP hydrolysis (ATP ? ADP + Pi + energy) is inherent

to all living organisms, including bacteria, ATP biolumi-

nescence monitoring is a convenient method to visualize

localized bioburden on contaminated surfaces. Hospitals

have developed numerous cleaning protocols to reduce

contamination in the clinical setting. For instance, Boyce

et al. measured surface contamination of five high-touch

surfaces in patient rooms including bedside rails, overbed

tables, television remote controls, toilet seats, and bath-

room grab bars [5]. Inadequate cleaning practices were

documented by determining aerobic colony counts and by

use of an ATP bioluminescence assay [5].

Within orthopaedic surgery, surgical site infection has

become an important focus, particularly in total joint

arthroplasty. In addition to the Surgical Care Improvement

Project (SCIP) guidelines and other recommendations from

the American Academy of Orthopaedic Surgeons (AAOS)

such as limiting operating room traffic, efforts to reduce the

burden of nosocomial orthopaedic infections have become

increasingly important. Previous clinical studies and studies in

the restaurant industry have established ATP benchmark

values of 250 to 500 relative light units (RLUs) to define

cleanliness [13, 16]. To our knowledge, no previous study has

evaluated the use of ATP bioluminescence as a measurement

of cleanliness in orthopaedic surgery operating rooms.

We therefore asked: Utilizing ATP bioluminescence,

what orthopaedic operating room surfaces are contami-

nated with bioburden?

Patients and Methods

This was a prospective diagnostic study. Because there was

no patient contact in our study, institutional review board

exemption was obtained, and an ATP bioluminescence

assay kit was used to measure the cleanliness of surfaces in

orthopaedic operating rooms.

ATP bioluminescence assay kits essentially consist of

chemically impregnated reagent swabs and a luminometer.

Specifically, a compartmentalized releasing-buffering

agent in the swabs lyse the cell walls of microorganisms,

rapidly releasing ATP. Only live cells requiring ATP for

energy metabolism release ATP in this process. The

luminometer contains the firefly enzyme, luciferase, which

produces a simple bioluminescence reaction when it

encounters the released ATP [14]. The amount of ATP

produced is measured in RLUs with standards set by the

manufacturer. Measuring the amount of bioluminescence

from an ATP reaction provides a valuable indication of

surface cleanliness because the quantity of light generated

by the enzyme reaction is directly proportional to the

amount of ATP present in the sample. Because bacteria and

other living microorganisms produce ATP, the measure-

ment of bioluminescence is indicative of contamination in

a sterile environment [13].

After an orthopaedic surgery had been performed, the

six operating rooms were cleaned as per routine hospital

protocol in preparation for the next case (two adult

reconstruction, two trauma, two spine). A cloth composed
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of 80% rayon, 15% polypropylene, and 5% polyester was

dampened with hydrated ethyl alcohol at 70% (w/v) and

then swept over a surface for at least 10 seconds. Before

patient entry into the room, ATP bioluminescence swabs

(3 MTM Clean-TraceTM Surface ATP UXL100; 3 M Cor-

poration, St Paul, MN, USA) were used to take samples of

areas in the operating room that were on a spectrum of dirty

to sterile after terminal cleaning. ‘‘Dirty’’ surfaces were

those considered to be inadequately cleaned between cases

as a result of either inattention by environmental service

staff (ie, Bair HuggerTM buttons/hose [3 M Corp.]), sur-

faces without direct contact with patients (ie, operating

room [OR] shelves), or surfaces that routinely were used by

OR personnel that were not scrubbed into the procedure (ie,

computer keyboards).

The swabs were then analyzed with the use of the

handheld luminometer (3 MTM Clean-TraceTM NG Lumi-

nometer Version 3.0 [NGi]) that measured the amount of

bioburden for the given area that was swabbed. The amount

of ATP, both microbial and nonmicrobial, was quantified

and expressed as RLUs. This number was recorded and

compared with thresholds for contamination set by the

hospital industry standard of[ 500 RLUs [7, 13, 16]. In

addition, we utilized published acceptability limits for

kitchen surfaces used in the restaurant industry of\ 400

RLUs, published by Osimani et al [15]. In this study,

sampled surfaces that were above the restaurant industry

standard of 400 RLUs and certainly over previously pub-

lished hospital standards of 500 RLUs were considered

contaminated in the sterile OR environment. As previously

published, the ATP bioluminescence linearly represents the

degree of bioburden and is repeatable in its readings,

although some spread/scatter in RLU measurements is

expected [14].

Two control points were chosen based on the assump-

tion of bioburden that these surfaces typically carry. The

‘‘sterile’’ control was the inside of a sterilized pan, whereas

the ‘‘dirty’’ control was the keyboard of one of the OR

computers. Additionally, 11 different surfaces with high-

volume contact were tested for ATP bioluminescence: the

OR preparation table (both pre- and postdraping), OR light

handles, Bovie machine buttons, supply closet countertops,

the inside of the Bair HuggerTM hose, Bair HuggerTM

buttons, right side of the OR table headboard, tourniquet

machine buttons, the Clark-socket attachment, and patient

positioners used for total hip and spine positioning. These

13 points of interest were tested in a total of six orthopaedic

operating rooms for a total of 78 data points.

Results

All surfaces had bioburden (Table 1; Fig. 1). TheATPRLUs

(mean ± SD) are reported for each surface in ascending

order: the OR preparation table (postdraping; 8.3 ± 3.4),

inside the sterilized pan (9.2 ± 5.5), the inside of the Bair

HuggerTM hose (212.5 ± 155.7), supply closet countertops

(281.7 ± 236.7), OR light handles (647.8 ± 903.7), the OR

preparation table (predraping; 1054 ± 387.5), the Clark-

socket attachment (1135.7 ± 705.3), patient positioners

used for total hip and spine positioning (1201.7 ± 1144.9),

Bovie machine buttons (1264.5 ± 638.8), Bair HuggerTM

buttons (1340.8 ± 1064.1), tourniquet machine buttons

(1666.5 ± 2144.9), computer keyboard (1810.8 ± 929.6),

Table 1. Degree of bioburden on orthopaedic operating room surfaces measured in relative light units (RLUs)

OR surface Mean SD Minimum Maximum

Inside sterilized pan 9.2 5.5 5 20

OR preparation table (predrape) 1054 387.5 403 1562

OR preparation table (postdrape) 8.3 3.4 5 14

OR light handles 647.8 903.7 84 2456

Bovie machine buttons 1264.5 638.8 366 2278

Supply closet countertops 281.7 236.7 83 677

Inside Bair HuggerTM hose 212.5 155.7 72 423

Bair HuggerTM buttons 1340.8 1064.1 278 2880

Right side of OR table headboard 2539 5635.8 142 14,042

Tourniquet machine buttons 1666.5 2144.9 453 5994

Clark-socket attachment 1135.7 705.3 273 2159

Patient positioner 1201.7 1144.9 296 3428

Computer keyboard 1810.8 929.6 297 2588

OR = operating room.
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and the right side of the OR table headboard

(2539 ± 5635.8). Overall, the surface with the cleanest

surface was the OR preparation table postdraping (average 8

RLUs) with the dirtiest surface being the right side of the OR

table headboard (average 2539 RLUs).

Discussion

Contaminated OR surfaces can increase the risk of ortho-

paedic infections, particularly after procedures in which

hardware implantation and instrumentation are used. The

question then arises as to how surgeons can measure sur-

face cleanliness to detect increased levels of bioburden.

This study aims to highlight the utility of ATP biolumi-

nescence technology as a useful technique in detecting the

degree of contamination within the sterile OR environment.

Our results demonstrate that several surfaces that are

considered ‘‘clean’’ within the OR are in fact not as clean

as one may think. Surfaces such as the undersurface of the

OR table headboard and machine buttons should be rou-

tinely cleaned as a part of the routine OR cleaning protocol

to reduce the amount of OR bioburden.

Limitations of ATP bioluminescence testing do exist. It

must be stated that increased RLU measurements do not

directly correlate to increased clinical infection rates. Still,

some authors have demonstrated evidence that when

patients enter a room previously occupied by a patient with

MRSA, VRE, Acinebacter spp, or C difficile, and where

environmental surfaces have not been thoroughly cleaned,

the new patient is at increased risk for acquiring the

infection [12, 19]. This concept can be applied to the OR.

Theoretically, there is an increased risk of nosocomial

infection in OR environments that have not been

adequately decontaminated in between cases, further

highlighting the utility of this present study. Additionally,

it has been proposed that organic debris can account for

approximately 66% of ATP on surfaces [10]. Thus, ATP

assays can be oversensitive and can potentially overesti-

mate the degree of bacterial bioburden on surfaces. Some

studies have highlighted a lack of a true correlation

between ATP readings and aerobic colony counts, noting

that additional environmental factors such as residual

detergent/disinfectants, poor surface conditions, and

ammonium cleaning compounds can highly increase or

decrease ATP readings [6, 7, 10, 15, 17]. Conversely, false-

negative ATP bioluminescence results have been reported

in surfaces cleaned with bleach-based disinfectants

[9, 18, 20]. Perhaps the biggest limitation to ATP biolu-

minescence assay kits is the poor detection of Gram-

Fig. 1 Degree of bioburden on orthopaedic OR surfaces as measured in RLUs.
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negative bacteria. An animal study by Turner et al.

demonstrated that ATP bioluminescence detection of

Gram-negative bacteria improved with sonication, sug-

gesting that the buffer in the assay incompletely lyses the

cell walls of Gram-negative bacteria [18, 20]. Sonication,

however, did not improve the detection of S aureus, indi-

cating that the chemical reagents readily lyse the cell walls

of Gram-positive bacteria.

Routine visual inspection has repeatedly been shown to

underestimate the degree of bioburden in the healthcare

setting [8, 13, 16]. The measurement of organic ATP on

surfaces using a luciferase assay and luminometer has been

used in the food preparation industry for more than

30 years [11]. Although sensitivity varies between com-

mercially available systems, ATP benchmark values of 250

to 500 RLUs have been used to define cleanliness with very

low readings typically associated with low aerobic colony

counts [13, 16]. Conversely, very high RLU readings can

represent viable bioburden, organic debris, or a combina-

tion of both [7]. Using a benchmark of 100 RLUs,

Anderson et al. found that 84% (37 of 44) items in a sur-

gical ward exceeded this standard and were considered

contaminated [2]. Similarly, other studies have raised

concerns regarding the standards of surface cleanliness in

the hospital environment [8, 16, 19]. If we are to compare

our study results with the criteria set forth by the restaurant

industry, as outlined previously, the only surfaces in our

ORs that would be considered ‘‘clean’’ are the OR prepa-

ration table (postdraping), the inside of a sterilized pan, the

inside of the Bair HuggerTM hose, and the supply closet

countertops. This is frankly alarming. Surfaces such as OR

light handles, the Clark-socket attachment, patient posi-

tioners used for total hip and spine positioning, and the

right side of the OR table headboard, to name a few, would

not even pass restaurant standards so why should this be

considered appropriate for the sterile OR environment? It is

this precise question that our study aims to highlight. The

near 9 100 variance of RLU measurements in this study

can be explained by the lack of routine cleaning of the

surfaces with the highest RLU measurements. This was

reproducible throughout the six ORs tested and implies that

better cleaning practices need to be instituted to address

this oversight. Per Sherlock et al. [18], an amendment in

cleaning practice at their institution led to a decrease in

ATP bioburden in a hospital setting (average of 612 RLUs

precleaning versus 375 RLUs postcleaning).

Despite cleaning, we found bioburden levels that would

be concerning even in the food industry [13, 16] on OR

light handles, the OR preparation table (predraping), the

Clark-socket attachment, patient positioners used for total

hip and spine positioning, Bovie machine buttons, Bair

HuggerTM buttons, tourniquet machine buttons, computer

keyboards, and the right side undersurface of the OR

table headboard. Although not all these surfaces may

physically make contact with the patient, the presence of

contamination within a sterile OR environment could

potentially lead to further contamination. It is conceivable

that the surgeon, nurse, or anesthesiologist could transfer

bacteria from one surface to another or to the patient

simply by touching the Bair HuggerTM buttons, tourniquet

machine, or light handles and not washing their hands

directly afterward. This suggests that more attention needs

to be paid to those surfaces during the terminal cleaning

and sterilization processes between surgical procedures.

Griffith et al. [10] demonstrated that 61% of surfaces

within the OR environment were considered unaccept-

able in cleanliness. Utilizing established ATP benchmarks

of 500 RLUs and microbiology surface samples with less

than 2.5 colony forming units (CFUs)/cm2, the authors

demonstrated that visual inspection alone would grossly

underestimate the level of cleanliness in the OR suite.

Although a direct correlate between these established

benchmarks and clinical infection has not been shown, it is

conceivable that contamination above these thresholds

could potentially increase the risk of surgical site infection.

This issue seems especially important in orthopaedic sur-

gery, where hardware implantation is commonplace and

any increased potential for bioburden would seem to result

in a serious concern about infection. Our results demon-

strate that multiple surfaces in the OR were contaminated.

It is conceivable that when OR personnel clean in between

cases, these surfaces are often left untouched and do not get

wiped down because they do not routinely have direct

contact with patients or within the surgical field. However,

it must be noted that, at our institution, the right side of the

OR table headboard is often an area that is used for placing

the suction tip used by anesthesia to clear secretions during

induction/intubation and postextubation. Considering the

bioburden in oral flora, this is a critical part of the OR that

often goes uncleaned and can potentially contribute to

increased surgical site infections [4, 12, 19].

It is assuring that surfaces expected to be clean such as

the prepped OR table and sterilized pans were indeed near

negligible with bioburden. It was somewhat surprising that

although the inside of the Bair HuggerTM hose does not

routinely get cleaned at our institution, the degree of

bioburden was relatively small compared with other OR

surfaces. Perhaps this finding can be attributed to limited

exposure to the environment, especially because surfaces

that were routinely touched by hand (computer keyboards,

tourniquet machine buttons, Bair HuggerTM buttons,

patient positioners, and Clark-socket attachments) had the

highest overall RLUs on bioluminescence testing.

ATP bioluminescence is a novel method to measure

cleanliness within the orthopaedic OR and can help iden-

tify environmental trouble spots that can potentially lead to
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increased infection rates. Surfaces such as the undersurface

of the OR table headboard, Bair HuggerTM buttons, and

tourniquet machine buttons should be routinely cleansed as

part of an institutional protocol. Although a direct corre-

lation between ATP bioluminescence and clinical infection

was not evaluated in this study, it is the subject of future

research. Specifically, evaluating microbiology samples

taken from these environmental surfaces and correlating

them with increased bioburden found with ATP biolumi-

nescence technology can help promote improved surgical

cleaning practices. Improved cleanliness of hospital sur-

faces can help reduce risk of nosocomial infections,

particularly related to surgery [4, 12, 16, 19]. Although our

results are in some ways encouraging, they also reveal that

many surfaces in a supposedly ‘‘sterile’’ environment

often go uncleaned. Within orthopaedic surgery, where

routine implantation of metallic prostheses and hardware

predominates, reducing the risk of environmental contam-

ination is imperative.
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