ARTICLE IN PRESS
American Journal of Infection Control ■■ (2016) ■■-■■

Contents lists available at ScienceDirect

American Journal of Infection Control

American Journal of
Infection Control

j o u r n a l h o m e p a g e : w w w. a j i c j o u r n a l . o r g

Brief reports

Inﬂuence of pulsed-xenon ultraviolet light-based environmental
disinfection on surgical site infections
Angela Catalanotti BSN, RN a, Dudley Abbe BA b, Sarah Simmons MPH, DrPH c,
Mark Stibich MHS, PhD c,*
a

Lowell General Hospital, Lowell, MA
Sodexo, Gaithersburg, MD
c
Xenex Disinfection Services, San Antonio, TX
b

Key Words:
Hospital acquired infections
Noscomial infections
Environmental hygiene

This study evaluates the inﬂuence of nightly pulsed-xenon ultraviolet light disinfection and dedicated
housekeeping staff on surgical site infection (SSI) rates. SSIs in class I procedures were reduced by 46%
(P = .0496), with a potential cost savings of $478,055. SSIs in class II procedures increased by 22.9%, but
this was not signiﬁcant (P = .6973). Based on these results, it appears that the intervention reduces SSI
rates in clean (class I), but not clean-contaminated (class II) procedures.
© 2015 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier
Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Evidence exists that operating rooms (ORs) may remain contaminated after standard disinfection practices. Approximately 50%
of surfaces are not adequately disinfected during between-case or
terminal cleaning, and can harbor pathogenic organisms such as Pseudomonas spp, Acinetobacter spp, and Klebsiella spp.1,2 If these surfaces
are not appropriately disinfected, the residual pathogens can cause
the environmental surfaces to be a reservoir for pathogens.3 We sought
to determine whether increased environmental disinfection in the
OR would have an inﬂuence on surgical site infection (SSI) rates.
Recent advances in environmental disinfection have yielded “no
touch” disinfection systems that use ultraviolet (UV) light to reduce
residual microbial contamination in patient environments after
manual cleaning. We investigated the use of pulsed-xenon UV (PXUV) (Xenex Disinfection Services, San Antonio, TX). The PX-UV system
uses intense, broad-spectrum pulses of germicidal UV to disinfect
surfaces.4 The use of PX-UV disinfection has been reported to have
reduced the hospital-acquired infection rates of Clostridium diﬃcile,
methicillin-resistant Staphylococcus aureus, and multidrug-resistant
organisms within the acute care setting by 57%, 53%, and 20%,
respectively.5 Recent international OR consensus guidelines suggest
that the use of portable UV disinfection systems should be considered as an adjunct to traditional cleaning practices.6 New research
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has demonstrated that incorporating UV into a bundled approach
to preventing SSIs has been effective in reducing orthopedic SSI rates.7
The inﬂuence of UV disinfection on SSIs is likely to be correlated with the characteristics of the surgical case, primarily the prior
contamination risk associated with the procedure.8 A measure for
this contamination risk is the wound classiﬁcation assigned postoperatively. Surgical wounds are divided into 4 classes: I = clean,
II = clean-contaminated, III = contaminated, and IV = dirty-infected.
The inﬂuence of UV disinfection would be expected to decrease as
wound class increases, due to the pre-existing intrinsic contamination present during surgery. To control for the inﬂuence of wound
class, the data were stratiﬁed in this study by wound class before
analysis.
METHODS
This study was conducted at an independent, not-for-proﬁt community hospital in the northeastern United States that has more than
200 beds and 13 ORs. Institutional review board exemption was obtained. The analysis compares a baseline period that involved
standard terminal cleaning and disinfection of the ORs to an intervention period during which an enhanced disinfection method using
a PX-UV room disinfection system as well as dedicated personnel
for terminal cleaning was implemented.
During the baseline period (January 2012-March 2013), OR staff
performed thorough terminal disinfection of the ORs nightly as well
as standard between-case cleaning. The OR staff received on-thejob training regarding appropriate techniques for disinfection of the
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ORs. Staff members were responsible for cleaning all surfaces and
equipment within the OR.
During the intervention period (April 2013-December 2014), the
between-case cleaning continued to be performed by the OR staff.
However, the terminal cleaning process was performed by a dedicated housekeeper, and was augmented by the addition of PX-UV
disinfection. After standard manual chemical clean, 2 PX-UV disinfection systems were placed in proximity to high-touch surfaces,
such as the operating table, anesthesia machine, medication cart,
and electrocautery control unit. All exposed surfaces in the OR received PX-UV disinfection. The room is not occupied while systems
are operating. The 2 systems disinfected simultaneously for a 10minute cycle. This is longer than the 5-minute cycle typically
employed for PX-UV systems used in patient rooms due to the larger
square footage of an OR. All ORs were given this treatment on a
nightly basis. No PX-UV disinfection was performed between cases.
No additional programs aimed at reducing SSIs were implemented
during this intervention.
The sample included all class I and class II SSIs from January 2012
through December 2014. The preintervention sampling period was
limited to 15 months due to changes in the surveillance deﬁnitions used for SSIs before January 2012. Trained infection
preventionists tracked patients for signs and symptoms of SSI during
their hospital stay and after discharge using the National Healthcare Safety Network deﬁnitions. Procedures were stratiﬁed by wound
class into class I procedures or class II procedures. Class III and higher
wound procedures are not included in the routine surveillance at
the hospital. Wound class was documented by the surgeon after completion of the procedure. Infection rates were compared using a
1-sided Student t test.

RESULTS
Class I procedures
Six thousand four hundred thirty-nine class I procedures were
performed during the baseline period. Thirty-one SSIs occurred, for
a rate of 0.48 per 100 cases. Ten thousand eight hundred eightythree procedures were performed during the intervention period.
Twenty-nine infections occurred, for a rate of 0.26 per 100 cases.
This represents a 44.6% decrease in the infection rate (P = .0496),
see Table 1. Based on the infection rate from the baseline period, a
total of 52 class I SSIs would have been expected during the intervention period. Only 29 infections occurred, indicating that 23
potential infections were prevented. A timeline for class I infection rates is provided in Figure 1.
Class II procedures
Four thousand eight hundred eleven class II procedures were performed during the baseline period and 13 infections occurred, for
an infection rate of 0.27 per 100 cases. In the intervention period,
7,825 procedures were performed and 26 infections occurred for
an infection rate of 0.33 per 100 cases. This represents a 22.9% increase in infection rates. However, this change was not statistically
signiﬁcant (P = .6973) (see Table 1).
DISCUSSION
The results show a signiﬁcant reduction SSI rates for class I procedures during the intervention period. The success of the integration

Table 1
Comparison of baseline and intervention (nightly pulsed xenon ultraviolet light disinfection) surgical site infections (SSIs)
Baseline
Type
Class 1
Class 2

Intervention

SSIs

Procedures

Rate*

SSIs

Procedures

Rate*

% change

P value

31
13

6,439
4,811

0.48
0.26

29
26

10,883
7,825

0.26
0.33

−44.6%
+22.9%

.0496
.6973

*Rate per 100 procedures.

Fig 1. Rate of class 1 surgical site infections by quarter (Q), January 2012-December 2014.
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of PX-UV systems and dedicated staff into cleaning and disinfection protocols demonstrates there is a likely link between surface
disinfection and SSI rates for class I procedures. Using $20,785 as
the average additional cost per infection,9 and a mortality rate of
3% for SSI,10 this intervention may have saved $478,055 and 1 life.
Infection rates for class II procedures did not change during the
intervention period. The microbial load at the surgical site is greater
for class II wounds, and it would be anticipated that the inﬂuence
of environmental disinfection would be less meaningful than for
procedures with a clean incision.
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