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ABSTRACT

Environmental cleaning and disinfection is essential for optimizing safe patient care

in the OR; however, perioperative staff members have not had an easy-to-use,
objective method for determining whether high-touch, potentially contaminated surfaces
have been cleaned during terminal room cleaning. To address this issue, members of the

Healthcare Environmental Hygiene Study Group used a transparent, removable, envi-
ronmentally stable disclosing agent and handheld ultraviolet light to determine whether
potentially contaminated surfaces had been contacted by a wet disinfection cleaning
cloth during terminal cleaning of ORs. Results from the project showed that 237 of 946
targeted surfaces (25%) had the disclosing agent removed (ie, were cleaned). The use of
the disclosing agent for staff education and process monitoring has led to significant
improvements in the disinfection cleaning process. AORN J 93 (March 2011) 358-364.
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or more than 100 years, the inanimate en-

vironment in the OR (eg, equipment sur-

faces, control panels) has been considered
a potential source for bacteria that may cause sur-
gical site infections (SSIs).! This is the basis for
between-procedure and end-of-day “terminal”
room disinfection cleaning, which has been
widely accepted as standard practice for more
than 50 years.”

Operating room cleanliness can help decrease

the risk of SSI by providing an environment that
minimizes the risk of wound contamination and
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consequent infection.”* Recent studies have con-
firmed the frequent contamination of OR equip-
ment with a wide range of bacterial pathogens.”°
Mandates from the Joint Commission,’ the Cen-
ters for Medicare and Medicaid Services,® and the
Centers for Disease Control and Prevention’ to
optimize environmental hygienic practices—
particularly in implantation OR suites because of
the increased potential for low virulence patho-
gens from the environment to cause infections
during implantation procedures—have been sub-
stantially reinforced by an evolving understanding
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of the health care environmental epidemiology of
coagulase-negative staphylococci (CoNS). These
bacteria (ie, Staphylococcus epidermidis, Staphy-
lococcus haemolyticus, Staphylococcus sapro-
phyticus, Staphylococcus lugdunensis) are the
most common bacteria found on environmental
surfaces; they have traditionally been considered
of limited clinical relevance'® but now are recog-
nized as the most common cause of deep SSIs
associated with

mediastinitis after open heart surgery,'''®

orthopedic implantation surgery,'”2°

laminectomies and craniotomies,>!*%?

vascular implantation procedures,?**

25,26

ventricular assist devices, and

central nervous system ventricular shunts.?”*®

The most common source of infection from
CoNS organisms has been thought to be contami-
nation of the wound site during surgery by CoNS
from the patient’s own skin; however, recent
studies have shown that use of adhesive drapes
decreases the concentration of CoNS by 12% dur-
ing surgical procedures.® Thus, understanding
that the hospital environment endemically harbors
more virulent (ie, slime producing) and antibiotic-
resistant CoNS than the nonhospital environment™
and that most implantable device-associated deep
SSIs are caused by these “hypervirulent” strains of
CoNS>' raises the probability that a substantial
proportion of such infections develop as a result
of CoNS from the OR environment gaining ac-
cess to the patient’s wound during surgery. The
probability of such transmission is supported by
recent studies of the epidemiology of CoNS that
used molecular fingerprinting to identify specific
strains in intensive care units.*> The CoNS bacteria
also have been found to survive well in the inani-
mate environment and even to colonize patients sev-
eral weeks after the source patients were discharged
from the hospital.**

In addition, it is widely recognized by the
health care community that disinfection cleaning
of grossly blood-contaminated surfaces represents

a routine part of terminal room cleaning. Unfortu-
nately, most blood-contaminated surfaces do not
appear bloody, as documented by a recent study
that found only three of 137 (2.2%) blood-
contaminated anesthesia equipment surfaces
showed visible blood.?® Previously, the infection
risk from such surfaces had been an unsubstanti-
ated concern; however, a recent study shed new
light on the issue by identifying two patients on
dialysis who acquired a strain of hepatitis C iden-
tical to that of another patient on dialysis. An epi-
demiologic investigation confirmed the presence
of the identical strain in seven of 71 blood-
contaminated (but not visibly bloody) surfaces in
the unit.>* The authors investigated the incidents
further and concluded that transmission from the
environment via health care workers’ hands was
the most probable cause for the patients on dialysis
acquiring hepatitis C. A recent study found that a
viable hepatitis C virus can survive on dry surfaces
in the inanimate environment for up to 30 days.>
Therefore, it is quite plausible that more thorough
environmental hygiene in frequently blood-
contaminated environments also may decrease the
risk of environmental transmission of the hepatitis C
virus to patients and health care workers.

Given the expectation that “patients having an
invasive procedure should be ensured a clean
environment,”?°®*>> AORN developed recom-
mended practices for environmental cleaning in
the OR that address a broad range of issues, in-
cluding expectations related to daily terminal
cleaning of the OR?” that are “intended to be at-
tainable recommendations for an optimal level of
environmental cleaning practice.”**®3? These
standards specifically include cleaning with a
“clean, lint-free cloth moistened with an Environ-
mental Protection Agency (EPA)-registered
hospital detergent/disinfectant.”?’*4»

Two reports®”*® have suggested that terminal
cleaning in individual institutions could be im-
proved; however, only one objectively evaluated
terminal cleaning on a limited basis. In 1999,
Griffith et al found relatively low levels of
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bacterial contamination on stretcher handles and
OR door push plates in nine ORs in a single hos-
pital; however, the relationship of the cultures to
cleaning was not discussed.?® In 2005, Neil et al
evaluated OR suites on a daily basis before the
first procedure of the day and documented the
presence of dust, blood, suture material, or paper
trash but did not calculate actual rates of contami-
nation as part of the study.*® Given the informa-
tion in these reports and the findings of the
Healthcare Environmental Hygiene Study Group
(HEHSG) from a review of suboptimal patient room
disinfection cleaning at the time of discharge that
identified multiple opportunities for improvement in
more than 20 hospitals,*' several members of the
HEHSG initiated a standardized evaluation of termi-
nal cleaning practice in the OR setting.

METHODS
Between July 2007 and August 2008, the ORs of
six hospitals representing a convenience sample
and ranging in size from 138 to 719 acute care
beds (average, 225) were evaluated for the thor-
oughness of terminal cleaning in rooms used for
procedures involving bioprosthetic material im-
plantation. Rooms were cleaned at the end of the
day by trained OR environmental services staff
members according to published standards.?” In-
fection preventionists at each participating hospi-
tal evaluated the cleaning by using a transparent,
easily removable, environmentally stable solution
(ie, disclosing agent) that dries rapidly on sur-
faces and fluoresces when exposed to ultraviolet
light. The disclosing agent consists of a mixture
of several natural gluten-derived glues with mild
detergents, similar to those found in personal hy-
giene liquid soaps, to which a small amount of
clear natural fluorescent dye is added. The mate-
rial, which has the consistency of thick syrup, is
dispensed on the targeted object using a nipple-
tipped 30-mL plastic reagent bottle.

We chose 10 standardized objects based on
recommendations from AORN and commonly
used textbooks as well as their inherent risk for
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TABLE 1. Basis for Choosing OR Surfaces

to Evaluate

Chosen study

Recommended objects objects

Overhead lights'3 Main and second over-
table lights

)-8 Main and second OR

doors

Doors (ie, push plates

Furniture, room equipment,
horizontal equipment'-2

Bovie control panel and
radiology equipment

Anesthesia machine
and anesthesia cart

Main OR light switch
Storage cabinet handle
All of the above

Anesthesia equipment
surfaces®

Light switches®
Handles on cabinets'

Other surfaces that have been
touched during patient
care?

1. Lister J. On the antiseptic principle in the practice of surgery.
Lancet. 1867,90(2299):353-356.

2. Ginsberg F. There is no time to let down an infection control
program. Mod Hosp. 71962;,98:116-118.

8. Blanchard J. Terminal cleaning [Clinical Issues]. AORN J. 2009,
89(2):409-411.

4. Yavuz SS, BicerY, Yapici N, et al. Analysis of risk factors for
sternal surgical site infection: emphasizing the appropriate ventilation
of the operating theaters. Infect Control Hosp Epidmiol. 2006,27(9):
958-963.

contaminating health care workers’ hands in the
perioperative setting (Table 1).°%*”**** The same
items were chosen at each facility and were used
to evaluate the removal of the disclosing agent.
Other surfaces that are recommended to be in-
cluded during terminal cleaning (eg, floors, kick
buckets, external light racks, foot pedals, scrub
sinks) were not evaluated because they have a rela-
tively low risk of contaminating health care work-
ers’ hands in the perioperative setting. The infection
preventionist at each site conducted assessments of a
minimum of 10 ORs at each of the six hospitals.

Approximately 0.03 mL of material was ap-
plied to each test object, creating approximately a
1-cm “target” that became inconspicuous as it
dried after several minutes. The target resisted dry
abrasion but was easily removed with light abra-
sion from a wet cloth. The target was made
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Figure 1. OR light with ultraviolet-light illuminated
target.

visible by using a handheld ultraviolet light and
remained easily removable for several months
(Figure 1). Each high-touch or potentially con-
taminated piece of equipment was marked on an
easily accessible surface for cleaning after the last
procedure of the day. After the room had been
terminally cleaned two to three times, each object
was evaluated to determine whether the target had
been removed or substantially disrupted. If the
targets were removed, the object was considered
cleaned. Conversely, if the target remained, the
object was considered not cleaned.

We then used a graphing software program
to compare continuous variables using Mann-
Whitney or unpaired ¢ tests. We also used linear
regression methods to determine whether there

was a relationship between the thoroughness of
cleaning and other variables.

RESULTS

We evaluated a total of 71 implantation ORs from
the six acute care hospitals (ie, median 12 rooms
per hospital) on the thoroughness with which 946
recommended surfaces were cleaned during termi-
nal disinfection cleaning. Results showed that the
mean overall thoroughness of cleaning (ie, ex-
pressed as a percentage of objects evaluated) was
25% (standard deviation, 14.8; 95% confidence
interval, 9.4 to 40.5) (Table 2). There was wide
variation between hospitals (ie, 9% to 50%) re-
garding thoroughness of cleaning (Figure 2) and
specifically how thoroughly each of the 10 objects
was cleaned. The variation was particularly evi-
dent with respect to the three best-cleaned
objects—main field lights, main OR doors, and
telephones—which ranged from 0% to slightly
above 70% (mean, 32%). In contrast, thorough-
ness of cleaning of the three least well-cleaned
objects—second over-field light, OR light switch,
and storage cabinet handle—ranged from 0% to
30% (mean, 13%) (Figure 3). Thoroughness of
cleaning did not correlate with the size of the
hospital expressed as patient days (ie, a standard-
ized term used in health care epidemiology to
represent the number of bed occupancy days per

TABLE 2. Thoroughness of Cleaning

Mean proportion Lowest proportion Highest proportion Standard

Object cleaned (%) cleaned (%) cleaned (%) deviation 95% CI
Main door 34.3 0 72 30.5 2.3t066
Main field light 33 0 65 23 910 56
Telephone 29.8 13 50 16 1310 46
Anesthesia machine 28 10 50 17 7.5t049
Bovie control 22 0 67 26 0to 54
Second OR door 21.7 5 65 22 1to44
Anesthesia cart 20.6 0 73 31 0to 59
Main light switch 14.5 3 20 7 7.31022
Second field light 14.2 0 27 12 1t034
Storage cabinet handle 5.6 0 17 8 11015
Mean 24.9 9 50 15 9.3t0 40

AORN Journal | 361



March 2011 Vol 93 No 3

JEFFERSON—WHELAN—DICK—CARLING

100
80
60
40

20 I I
I
ORB  ORC

ORA

Proportion of Objects Cleaned (%)

ORD ORE ORF

o

Figure 2. Thoroughness of implantation OR
terminal cleaning.

year for a given hospital) in 2006 (R [slope of
regression analysis curve] = 0.005; P = .98) or
the Medicare case mix index (ie, the most com-
mon measure of complexity of case mix used in
US hospitals), which ranged from 1.0 to 2.0 in
the hospitals evaluated (R = 0.22; P = 32).44

DISCUSSION
Despite the use of trained environmental services
personnel and policies and procedures in accor-
dance with AORN standards and recommended
practices, infection preventionists in the partici-
pating hospitals found substantial opportunity to
improve the thoroughness of terminal OR disin-
fection cleaning in the six hospitals. For example,
although results showed the thoroughness of OR
door push plate cleaning to be more than 70% in
two hospitals, two or more objects were not
cleaned at all (eg, cabinet door handles, main
over-table lights, secondary lights, anesthesia
carts) in half of the hospitals evaluated. Cleaning
of the over-table field lights, which could shed
environmental pathogens directly into the surgical
field, averaged only 25.3% (range, 0% to 40%).
Patient room cleaning in a subsequent study*’
that analyzed the effect of a structured educa-
tional intervention program to improve the thor-
oughness of terminal room cleaning in 36 hospi-
tals resulted in a 78% improvement in cleaning.
Similarly, the thoroughness of terminal patient
room cleaning improved from 53% to 80% in a
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group of 12 hospitals in a single health care sys-
tem that used internal benchmarking and the same
targeting tool used in this project.*®

LIMITATIONS

This project evaluation has several limitations.
For example, although it represents the first in-
depth analysis to identify institution-specific op-
portunities to improve OR suite environmental
cleaning and disinfecting activities, the relatively
limited number of institutions participating in the
project precludes direct generalization of these
results to other acute care hospitals, even though
the geographic diversity, wide range in size of
hospitals, and scope of the procedure mix would
suggest that similar results may be found in other
institutions. In addition, infection preventionists in
the participating hospitals who had preexisting
concerns about the thoroughness of terminal OR
cleaning in their own facility may have joined the
study group because of these internal concerns.
Limitations of the project design precluded corre-
lating the thoroughness of cleaning with either
environmental cultures or SSI rates.

CONCLUSION

The objective documentation of opportunities for
improvement related to OR environmental clean-
ing in the implantation ORs in the evaluated
hospitals may suggest that suboptimal cleaning is
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Figure 3. The three best-cleaned and three least-
cleaned OR objects.
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a more widespread issue. Based on the results of

this evaluation project, staff members in the six hos-

pitals have implemented process improvement inter-

ventions including structured educational activities

and objective performance feedback to the OR envi-

ronmental services staff members. These initiatives

have already led to improvement in the thorough-

ness of daily terminal cleaning at several sites.

Further studies will be needed to clarify the

effect of improved OR environmental hygiene

on patient and health care worker safety. “The

main challenge to prevention [of health care-

associated infections] has been not the lack of
guidelines, but rather a dearth of methods for effi-

cient and consistent implementation of recom-

mended practices”*’®5? to minimize such
infections. X
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