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Abstract
The role of the environment in surgical site infections is surprisingly 
understudied. UV disinfection holds promise for reducing the level of con-
tamination in operating rooms and thereby lowering the risk of infection 
for patients. Issues such as the frequency, amount and locations for UV 
disinfection to have an impact on the risk of surgical site infection are 
recently emerging in the literature. As technologies and knowledge 
improve, UV disinfection will have a role to play in operating rooms in the 
future.
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21.1  Introduction

In this chapter, the role of ultraviolet light disin-
fection in preventing surgical site infections is 
presented. The root cause of surgical site infec-
tions, specifically the role of environmental con-

tamination serving as a fomite in the surgical 
theater, will be discussed. We will also address 
the safety considerations for implementing UV 
disinfection, and review the differences in the 
currently available technologies. Finally, we will 
review the emerging evidence correlating 
enhanced disinfection in the surgical theater with 
decreases in infection rates and make recommen-
dations for additional research on the topic.

21.1.1  Burden of Surgical Site 
Infections

Approximately 51.4 million inpatient surgical 
procedures are performed annually in the 
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United States alone [1=� /F THESE PATIENTS UNDER-
going inpatient procedures, approximately 
1.9% (976,000 patients) develop an infection 
afterward [2=� $EPENDING ON THE SURGICAL PROCE-
dure being performed, this infection risk can be 
higher or lower [3]. Including procedures per-
formed at outpatient and ambulatory surgery 
centers would further increase the annual num-
ber of infections in the U.S. The mortality rate 
associated with contracting a surgical site 
infection (SSI) is 3%, with 75% of associated 
deaths being directly attributed with the infec-
tion at the surgical site [4]. Table 21.1 shows 
the annual case load for select surgical proce-
dures, along with projected infections and 
deaths based on reported data. It should be 
noted that disability, morbidity and other forms 
of suffering are not presented in this table.

A prevalence study conducted in 2011 found 
that SSIs are the most common hospital associ-
ATED INFECTION �(!)	� REPRESENTING ��� OF ALL
reported cases [5]. Patients who develop a surgi-
cal site infection will spend, on average, 12.1 
additional days in the hospital [6].

These additional days in the hospital lead to 
increased costs for both the patient and the hospi-
tal providing the care. The average cost attributed 
to an SSI is estimated to range from $11,874 to 
$34,670 [7]. This estimate is an aggregate of 
costs for all surgical procedures; more invasive 
procedures such at spinal fusions and vascular 
surgeries can have substantially higher costs and 
can exceed $100,000 per case [8].

21.1.2  Causes of Surgical Site 
Infections

The proximal source of the contamination that 
results in a SSI is often impossible to identify. 
$URING THE PREPARATION FOR AND PERFORMANCE OF A
surgery, there are multiple opportunities for 
pathogenic organisms to enter the surgical wound 
and cause infection. The most commonly attrib-
uted sources of pathogenic organisms are out-
lined below:

21.1.2.1  Non-sterile Instruments
The instruments used during surgical procedures 
are reprocessed between each patient to remove 
blood, tissue, and microbiologic contamination 
to assure sterility before use on the next patient. 
Failures in these processes can lead to the intro-
duction of pathogens into the surgical wound. 
The first step in the decontamination process is to 
remove blood and tissue from the instruments. 
Any residual material left behind can impede the 
STERILIZATION PROCESS AND PROVIDE A HAVEN FOR
pathogens. After complete removal of residual 
MATERIALS� THE INSTRUMENTS ARE STERILIZED� TYPICALLY
WITH A STEAM STERILIZER� 3TEAM STERILIZERS USE
STEAM AND PRESSURE TO STERILIZE INSTRUMENTS� )F
appropriate levels of steam and pressure are not 
ACHIEVED THROUGHOUT THE STERILIZATION CYCLE�
pathogens (especially spores) can remain on the 
instruments. The final step in preventing instru-
ment contamination is to assure that they are 
stored in a manner and place that prevents recon-

Table 21.1 Number of surgical procedures annually by procedure type

Procedure Surgical volume Projected infections Projected deaths
#ORONARY ARTERY BYPASS GRAFT 395,000 8578 257
Total knee replacement 719,000 7200 216
Total hip replacement 332,000 4669 140
Reduction of fracture 671,000 11,044 331
(YSTERECTOMY 498,000 8847 265
#ESAREAN SECTION 1,300,000 24,349 730
Excision of large intestine 247,000 14,356 430
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tamination. This is accomplished by assuring that 
the integrity of the instrument packaging is main-
tained. The above process can be challenging as 
more and more surgical instrumentation, such as 
endoscopes, are becoming more complex devices 
with imbedded technology, which requires spe-
CIALIZED TRAINING AND PROCESSES FOR STERILIZATION�

21.1.2.2  Patient Factors
The patient themselves can be the source of the 
ORGANISMS THAT CAUSE INFECTION� #OMMON SKIN
commensals such as Staphylococcus spp. can 
cause infections if skin integrity is compromised 
at the incision site. Patients with comorbid condi-
tions such as diabetes, obesity, and heart disease 
are at higher risk of developing an infection. 
Additionally, the patient’s compliance with post- 
operative wound care measures will impact the 
risk of developing infection.

21.1.2.3  Environmental 
Contamination

A contaminated hospital environment can con-
tribute to the transmission of pathogens to 
patients [9]. Environmental transmission can 
occur from direct contact with the environment 
(air or surface) or indirectly from hands that were 
contaminated by the environment [10]. This 
interaction of environment and transmission risk 
could be further complicated in the operating the-
ater, where constant movement of staff members 
causes air turbulence that disturbs pathogens 
PRESENT ON SURFACES� CAUSING THEM TO AEROSOLIZE�

/NCE THE PATHOGENS ARE IN THE AIR� THEY CAN RESET-
tle onto sterile surgical instruments, previously 
cleaned surfaces, or even the open surgical 
wound. See Fig. 21.1.

21.1.2.4  Responsible Pathogens
Magill and colleagues reported on the pathogens 
associated with 110 surgical site infections iden-
tified as part of a multi-state prevalence study. 
Table 21.2 shows the results of this survey [5]. 
!DDITIONALLY� +RAMER AND COLLEAGUES CONDUCTED A
systematic review which assessed how long 
pathogenic organisms could persist on inanimate 
surfaces. This data is presented in Table 21.3 
[11].

21.1.3  Effectiveness of Installed 
UVGI Devices

Ultraviolet germicidal irradiation (UVGI) is a 
technology that has been used to reduce the 
microbial contamination in operation rooms 
�/2S	� 7HEN INSTALLED IN /2S� 56') HAS PROVEN
to be effective in air disinfection. Several studies 
have shown that the use of a UV device can pro-
DUCE ULTRACLEAN ���� #&5�M3), or nearly ultra-
clean, air [12–14]. This is the same level of air 
QUALITY PRODUCED BY (%0! AIR lLTERS ;15]. 
+OWALSKI SUGGESTS THAT THE COMBINATION OF
MERV 13–15 filters and UVGI are equivalent to 
THE EFFECTIVENESS OF (%0! lLTRATION SYSTEMS WITH
less cost [16]. The same suggestion seems to hold 
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Fig. 21.1 Proposed interaction between surface contamination and airborne contamination for causing surgical site 
infections
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true for laminar air systems as well. In a compari-
son study done in 1989, the UV lighting system 
being tested not only worked just as well, if not 
better, than the laminar air system, but also cost 
34 times less [17]. This result has been replicated 
in multiple studies that have shown that UVGI 

can reduce airborne bacteria values to a greater 
degree than laminar air systems [14, 16–18].

In considering installed UVGI as an overall 
disinfection measure, the system’s effect on 
infection risk must also be taken into account. 
This subject is closely related to the reduction of 
AIRBORNE MICROBES� 'OING AS FAR BACK AS *OSEPH
Lister it has been believed that airborne bacteria 
represent a significant source of infection, espe-
CIALLY IN THE /2S� ;19]. Infection occurs when 
microbes in the air settle in the operating room, 
contaminating the wound, the patient, the hospi-
tal personnel, and vital medical equipment [16]. 
It then stands to reason that the fewer bacteria in 
the room, including in the air, the less risk of 
INFECTION THERE IS FOR A PATIENT� /NE STUDY CON-
cluded that the UVGI device was able to disinfect 
the patients’ wounds and possibly operating 
instruments [14]. The authors stated that this dis-
infection “negate[d] the argument about the rela-
tive effect on air counts. Laminar flow would 
have to provide considerably cleaner air to pro-
duce equally clean wounds.” These clean wounds 
combined with the clean air are the basis of what 
allows UVGI devices to decrease the risk of 
infection.

There are many reports of UVGI reducing 
INFECTION RISK IN THE /2S� !N ORTHOPEDIC STUDY
following 5980 joint replacements reported that 
the odds of infection were 3.1 times greater for 
patients who had not been operated on under any 
UV light [17]. The same study reported an infec-
TION RATE DECREASED FROM ����� TO ������ /THERS
have reported similar findings of reduced infec-
tion rate. A study focusing on infection after car-
DIAC OPERATIONS REVEALED HOW USING 56# LIGHT
during operations led to the hospital’s overall 
infection rates being significantly lower than the 
national averages in the most important risk cat-
EGORIES ;#$# .ATIONAL .OSOCOMIAL )NFECTION
3URVEILLANCE SYSTEM� ��=� )N ���� AT $UKE
5NIVERSITY (OSPITAL� (ART TRIED 56') LIGHT AFTER
AN OUTBREAK OF INFECTIONS IN THE /2� 4HE INFEC-
tion rate dropped from 11.62% to 0.24%, causing 
(ART�S COLLEAGUES TO ALSO ADOPT THE PRACTICE ;20]. 
UVGI has been recommended as an important 
tool for operating room personnel to use in order 
to reduce infection [17, 21=� (OWEVER� MUCH OF

Table 21.2 Frequency of pathogens attributed to surgi-
cal site infections

Pathogen
Number 
(percent)

Staphylococcus aureus 17 (15.5)
Enterococcus species 16 (14.5)
Klebsiella pneumoniae or K. oxytoca 15 (13.6)
Escherichia coli 14 (12.7)
Streptococcus species 8 (7.3)
Pseudomonas aeruginosa 7 (6.4)
#OAGULASENEGATIVE Staphylococcus 
species

7 (6.4

Enterobacter species 5 (4.5)
Proteus mirabilis 5 (4.5)
Bacteroides species 5 (4.5)
Candida species 3 (2.7)
Acinetobacter baumannii 2 (1.8)
Haemophilus species 2 (1.8)
Peptostreptococcus species 2 (1.8)
Clostridium species other than C. 
difficile

2 (1.8)

Citrobacter species 1 (0.9)
Prevotella species 1 (0.9)
Morganella morganii 1 (0.9)
/THER ORGANISMS 6 (5.5)
Total 110 (100)

Modified from Magill 2014 [5]

Table 21.3 Persistence of pathogenic organism on inani-
mate surfaces commonly associated with surgical site 
infections

Pathogen Persistence
Staphylococcus aureus 7 days – 7 months
Enterococcus species 5 days – 4 months
Klebsiella pneumoniae or K. 
oxytoca

2 h – >30 months

Escherichia coli 1.5 h – 16 months
Streptococcus species 1 day – 6.5 months
Pseudomonas aeruginosa 6 h – 16 months
Acinetobacter baumannii 3 days – 5 months
Haemophilus species 12 days

-ODIlED FROM +RAMER ���� ;11]
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THE DATA ON THE EFFECTIVENESS OF 56') IN /2S ARE
dated and it is not clear the impact that installed 
UVGI would have for procedures being con-
ducted under current infection control 
procedures.

21.1.3.1  Installed UVGI Safety
+RAISSL ET AL� TOOK IT A STEP FURTHER AND NOT ONLY
researched the effectiveness of UVGI on infec-
tious bacteria, but also investigated the safety of 
UVGI in regards to the patient [22]. The research-
ers concluded that there is a danger to the exposed 
visceral tissue of the patient, if a threshold inten-
SITY OF LIGHT IS EXCEEDED� (OWEVER� THEY ALSO
found that there was significant bacterial killing 
even when using light intensities well below the 
damaging threshold. This theme of radiation in 
moderation persists in all safety matters pertain-
ing to UVGI.

UVGI has been proven to be safe provided the 
proper measures are taken. It is recommended 
that light intensity be limited in order to protect 
the patient and hospital personnel in the room 
[22, 23]. Lidwell stated that the intensity of 
light should be kept between 25 and 30 μW/cm2, 
but intensities up to 300 μW/cm2 did not produce 
HAZARDOUS RESULTS ;23]. The light must also be 
placed so that there is no dangerous exposure to 
the staff, while still allowing for proper irradia-
tion of the room. Some systems are placed above 
and parallel to the patient, forming a type of bar-
rier that will deactivate bacteria in the air that 
would fall on the patient. The height of the sys-
tem keeps the operation room’s personnel safe by 
preventing direct exposure of the UV light. Even 
with low intensities of light placed in safe posi-
tions, operating room staff should follow the 
safety precautions and wear protective clothing. 
Items such as disposable caps, drapes, plastic 
goggles, face masks, and surgical gloves, can 
GREATLY REDUCE THE TRANSMISSION OF 56# LIGHT TO
personnel in the room [12]. Studies on staff who 
took protective measures showed no harmful 
effects [18, 24=� (OWEVER� INCREASES IN LIGHT
intensity and noncompliance with safety precau-
tions can lead to injuries such as erythema, pho-
tosensitivity, immune system damage, and even 
cancer [25=� %YE INJURY IN PARTICULAR IS A HAZARD

when the proper face wear is not used [26]. Eye 
damage includes damage to the cornea and con-
junctiva that can lead to temporary blindness, 
photosensitivity, benign growth, and corneal 
degeneration [25].

(OSPITAL PERSONNEL HAVE CONTINUALLY CITED THE
uncomfortable nature of personal protective 
EQUIPMENT AS THE MAIN REASON THEY DO NOT UTILIZE
it [13, 14, 26, 27]. Wearing heavy protective 
clothing has proven to be too hot for personnel to 
work in regularly [14=� /THER REASONS FOR NON-
compliance included the lack of necessary sup-
plies, training, and time, as well as increased 
WORK DIFlCULTY� $UE TO THIS NONCOMPLIANCE� THERE
have been cases of basal cell carcinoma, mela-
noma, and actinic keratosis in operating room 
personnel [27]. It could be possible for greater 
compliance to be achieved if safety precautions 
were less inhibitive for staff. The future of fixed 
system UVGI may rest on this, as a lack of com-
pliance and an increase in injuries may lead to the 
abandonment of the system [26].

Beginning in the late 2000s, portable UV sys-
TEMS HAVE BEEN USED ROUTINELY IN /2S FOR NIGHTLY
and, in some situations, between cases [28–30]. 
These mobile devices allow the operator to place 
them in the room and exit before any human 
exposure can occur. This removes the need for 
heavy or difficult protective equipment as well as 
the cost of installation. These mobile devices 
may be an effective alternative to the fixed UVGI 
system.

21.1.4  Portable Room Disinfection 
UV Technologies

Portable UV technologies available for disin-
fecting operating rooms must meet the basic 
requirements of being safe to use, easy to oper-
ate, and effective at reducing the number of 
pathogens on every possible surface. Personal 
safety is not typically an issue, as (1) germicidal 
UV light cannot pass through windows or walls 
[25], and (2) all devices have a mechanism for 
automatic shutoff if a person enters the room, 
and are thus considered safe to operate under 
normal conditions.

21 Role of Ultraviolet Disinfection in the Prevention of Surgical Site Infections
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#URRENTLY� TWO TYPES OF TECHNOLOGIES THAT MEET
the aforementioned requirements are commonly 
USED IN /2S� THOSE USING LOW PRESSURE MER-
cury lamps and others which employ pulsed 
xenon lamps. Both have been shown to be effec-
tive at reducing a large number of pathogens on 
the surfaces [30–33], and the incidence of infec-
tions in the in-patient environment [34–40]. 
(OWEVER� ONLY A PULSED XENON DEVICE HAS BEEN
demonstrated to reduce SSIs [28, 29].

The main differences between low pressure 
mercury and pulsed xenon technologies lie in 
their spectral output, intensity, and operational 
modes. In the UV range, low pressure mercury 

lamps produce a narrow spectrum output that is 
centered at 253.7 nm (Fig. 21.2), while pulsed 
xenon lamps emit wavelengths covering the 
entire germicidal range of 200–320 nm 
(Fig. 21.3). Pulsed xenon produces intense pulses 
that last for microseconds while low pressure 
mercury produces lower intensity light but oper-
ates in a constant-on mode that allows for effec-
tive doses to be delivered over time (Fig. 21.4). 
The operational differences between these device 
types may account for the contrasting ways in 
WHICH THEY ARE UTILIZED� &OR EXAMPLE� PULSED
xenon devices have shorter cycle times when 
USED IN THE /2 SETTING ��n�� MIN	 COMPARED TO
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Fig. 21.2 Spectral output of mercury lamp in germicidal UV range
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Fig. 21.3 Spectral output of xenon lamp in germicidal UV range
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LOW PRESSURE MERCURY �/2 TIMES ARE NOT SPECI-
fied, but a typical patient room cycle time is 
45 min).

21.1.5  Materials Damage

In addition to deactivating microbes present on 
SURFACES IN THE /2S� 56 LIGHT ALSO INTERACTS WITH
the objects on which these microorganisms 
reside. When UV is incident upon a surface, one 
of three things happens: the light is transmitted, 
absorbed, or reflected [25]. Because UV is not 
transmitted through most solid objects and there 
is relatively little reflection, most is absorbed. 
This absorption can cause photodegradation (the 
molecular changes due to light) that result in an 
alteration to the color, texture or mechanical 
PROPERTIES OF THE OBJECT� )N THE /2�S SETTING� THIS
change is primarily evident in the yellowing of 
white plastics and fading of lighter colored fab-
rics and most metal objects remain unaffected.

While exposure to any UV device will change 
the material properties of a susceptible object to 
some extent, variables such as distance, exposure 
time, and spectral output make it difficult to pre-
dict the effect. More research is needed to fully 
understand the material’s compatibility of porta-
BLE 56 DEVICES COMMONLY USED IN THE /2S�

21.1.6  Use of Portable UV, Cycle 
Times and Positioning

The aforementioned portable UV disinfection 
devices are currently deployed in over one hun-
DRED /2 SETTINGS� 4WO CLINICAL STUDIES DEMON-
strate great success when used following nightly, 
standard terminal cleaning practices [28, 29]. 
These devices can be wheeled into a room, 
plugged into standard electrical outlets, and then 
set in a fixed position that is proximal to high- 
touch equipment within. Following completion 
of the final disinfection cycle, these devices can 
be moved around the facility to the next area 
REQUIRING DISINFECTION� $ISINFECTION IS MADE POS-
sible by onboard germicidal lamps that contain 
either mercury vapor or xenon gas. Although dif-
ferent, both technologies have been found to be 
effective at decreasing environmental bioburden 
in patient care areas [41, 42].

Regardless of what technology is used, UV 
disinfection efficacy is highly dependent on the 
distance between the lamp and the surface being 
targeted. The propagation of light intensity 
decreases exponentially with increasing distance 
from the lamp, so proximity to areas being disin-
fected will require significantly shorter cycle 
times. Put simply, doubling the distance between 
the lamp and the target will quadruple the origi-

Fig. 21.4 $IFFERENCE IN
operational intensity and 
lamp on-time between 
mercury and xenon 
lamps
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nal time required for disinfection (See Fig. 21.5). 
Therefore, if it takes 5 min to disinfect a target  
2 meters away, it should take approximately 
20 min to produce the same amount of germicidal 
ENERGY AT � METERS� ! PUBLICATION BY .ERANDZIC
and colleagues explores the impact of distance on 
UV efficacy against both methicillin resistant S. 
aureus (MRSA) and C. difficile spores in the lab-
oratory setting [41].

In addition to distance, the reliance on UV 
reflection to reach targeted areas should also be 
CONSIDERED� #OMMON HOSPITAL MATERIALS ARE POOR
at reflecting germicidal UV, with wall paint and 
linen curtain material reflecting less than 25% of 
incoming light [25]. Multiple studies have con-
firmed that reflected light is significantly less 
effective than direct light at eliminating patho-
gens when considering the same disinfection 
time [32, 43]. For these reasons, disinfection will 
always be best when surfaces are in close prox-
imity and within direct line of site of the lamp.

When considering physical limitations alone, 
the fastest UV room disinfection would consist of 

multiple positions and minimal distances from all 
TARGET AREAS� (OWEVER� BECAUSE USER INTERVENTION
is required for every additional position imple-
mented, this can add burden for the person per-
FORMING THE TERMINAL CLEANING� #ONSIDERING THIS�
TWO STRATEGIES ARE AVAILABLE FOR THE /2� THOSE
using one position, and those using multiple 
(2–3) positions. Table 21.4 SUMMARIZES THE PROS
and cons of each strategy.

/NEPOSITION DEVICES REQUIRE MINIMAL USER
assistance, but require longer periods to disinfect. 
/NE MANUFACTURER IMPLEMENTING THIS STRATEGY
uses UV sensors on their devices to detect a set 
UV germicidal dose [44=� $URING THE DISINFECTION
cycle, UV light reflects around the room, and 
SOME RETURNS TO THE SENSORS� /NCE THE SENSORS ARE
saturated, the device will consider the room 
DISINFECTED� AND SHUT ITSELF OFF� $EPENDING ON
where the device is placed, and thus the amount 
of UV sensor activity, cycle times can vary con-
SIDERABLY� 7HILE NOT /2SPECIlC� PUBLICATIONS
report an average median cycle time of 45 min in 
acute care patient rooms [44, 45=� $ESPITE LONGER

Fig. 21.5 Visual propagation of light following the inverse square law
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cycles, housekeepers are free to perform other 
ACTIVITIES SUCH AS MANUAL CLEANING OF OTHER /2
suites while UV disinfection is taking place. A 
handheld tablet tracks the progress of the disin-
fection taking place.

Multiple position devices are more time effi-
cient, but require some user repositioning. Rather 
than measuring reflected light, multiple positions 
allow these systems to rely on direct line of site to 
disinfect. For this reason, cycle times are known 
for objects that are within specific distances of 
the devices. Several publications reporting reduc-
tions in SSIs following UV disinfection interven-
tions required only two 5-min cycle times on 
EITHER SIDE OF THE /2 TABLE TO FULLY DISINFECT HIGH
touch surfaces within the room [28, 29]. When 
considering the time to reposition this system, 
disinfection can be completed in 15 min or less 
using the multiple position strategy. In addition 
to the success as an adjunct to terminal cleaning 
practices, UV disinfection might be a consider-
ation for between case cleaning practices, in par-
ticular for quick disinfections when moving from 
dirty to clean procedures in the same suite.

21.1.7  Evidence for Benefit 
of Terminal UV Disinfection

#URRENT LITERATURE SHOWS THAT BOTH CLEANING AND
DISINFECTION OF THE /2 ENVIRONMENT MAY BE INAD-
EQUATE� !N OBSERVATIONAL STUDY EXAMINING /2
cleaning found that only 25% (237/946) of fluo-
rescent UV markers were removed from equip-
ment surfaces following terminal cleaning [46]. 
In another study, only 47% of UV markers 

(284/600) were removed during the terminal 
cleaning process [47]. When air and surface 
microbial cultures were obtained from UV 
marker sites prior to surgical cases the following 
morning, 16.6% of surfaces remained contami-
nated with potentially infectious organisms such 
as Pseudomonas spp., Acinetobacter spp., 
Klebsiella spp., and Enterococcus spp. [47].

Failure of disinfection practices leaves a 
potential risk of infection transmission from con-
taminated surfaces [48, 49]. As described earlier, 
this transmission risk is exceptionally high in the 
perioperative setting. Given the high volume of 
worker traffic, there are many opportunities for 
transmission between the susceptible patients, 
hands of healthcare workers, and environmental 
contamination in air and on surfaces. Multiple 
publications have reported substantial transfer of 
bacterial species from the anesthesia work area to 
intravenous stopcock sets [50, 51]. Furthermore, 
a recent study confirms that high touch areas of 
the operating room harbor significant bacterial 
contamination [52], suggesting greater attention 
should be paid to disinfecting these areas.

Mobile UV disinfection has demonstrated effi-
cacy beyond what is possible by manual chemical 
disinfection alone, and can serve as an additional 
MEASURE TO REDUCE RESIDUAL CONTAMINATION� $ATA
on one UV device have been collected from sev-
ERAL /2S� &OR ONE FACILITY� MEAN HETEROTROPHIC
plate count for high-touch surfaces after manual 
CLEANING WAS ���� COLONY FORMING UNITS �#&5S	
per 25 cm2 [53]. Following a manual clean plus 
mobile UV disinfection, mean plate counts 
DECREASED ��� TO AN AVERAGE OF ���� #&5S PER
sample (p < 0.001). When comparing contamina-
tion levels for select surfaces, researchers deter-
mined a 64%, 87% and 94% improvement for the 
ANESTHESIA CART� /2 LIGHT AND /2 TABLE� RESPEC-
tively. In a second study, quick cleaning plus UV 
disinfection resulted in a 55% and 81% reduction 
in positive surface cultures and overall bioburden, 
respectively [54]. UV disinfection also decreased 
air contamination by 46% during surgical cases 
when used for between case cleaning, and 100% 
following terminal cleaning practices [54]. 
"EYOND THE /2 ENVIRONMENT� THE EFlCACY OF 56
disinfection has been studied in the acute care set-

Table 21.4 Assessing the pros and cons of one versus 
multiple position UV disinfection

Multiple position devices /NE POSITION DEVICES
Pros Pros
  Fast disinfection time   No repositioning 

required
+NOWN CYCLE TIME #ONS
#LINICAL OUTCOME
STUDIES IN THE /2

  Longer disinfection 
time

#ONS   Unknown cycle time
  User repositioning 

required
  No known clinical 

OUTCOMES IN THE /2
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ting [30, 32, 33, 41–44, 55–60]. Several studies 
report exceptional decreases in both MRSA and 
vancomycin resistant Enterococci (VRE) contam-
ination following terminal UV disinfection prac-
tices [59, 60]. Although the recovery of specific 
PATHOGENS ON /2 SURFACES IS DIFlCULT� THE LABORA-
tory efficacy of UV disinfection against common 
pathogens has been evaluated, with exceptional 
efficacy at 1 meter in as short as 5 min for select 
species [61].

Improvements in SSI rates following terminal 
UV disinfection interventions have now been 
published, providing additional evidence that 
enhanced cleaning with UV is thorough enough 
to remove exogenous sources of infection from 
the inadequately cleaned environment. In these 
studies, a baseline period that involves only man-
ual disinfection for nightly terminal cleans is 
compared to interventions in which nightly UV 
disinfection is added in addition to the baseline 
procedure. Following this disinfection procedure, 
and as part of a bundled approach including other 
interventions, one facility reduced the incidence 
of total-hip and total-knee infections from 7 out 
of 544 procedures down to 0 out of 585 proce-
dures [29]. In a second study evaluating terminal 
56 DISINFECTION� 33)S FOLLOWING #LASS ) �CLEAN	
procedures were reduced by 46%, contributing to 
23 fewer infections over the 21 month interven-
tion period [28]. Infections associated with clean- 
CONTAMINATED #LASS )) PROCEDURES DID NOT
DECREASE DURING THE INTERVENTION� #LASS ) PROCE-
dures involve clean incisions, so the wound site 
has minimal contamination prior to operation. 
These infections are more likely to be due to 
environmental transmission routes than infec-
TIONS ASSOCIATED WITH CLEANCONTAMINATED #LASS ))
procedures, since contamination of the surgical 
site is already present at the time of the incision 
in these cases.

Evidence suggests that the risk of surgical site 
INFECTIONS CAUSED FROM THE /2 ENVIRONMENT CAN
BE MINIMIZED BY USING TERMINAL 56 DISINFECTION�
Substantial evidence exists showing the role of 
environment in SSIs, and the ability of UV disin-
fection to provide an improvement beyond the 
capabilities of standard manual cleaning/disin-
fection. While quasi-experimental studies attri-

bute reductions in SSIs following this application, 
future research into molecular epidemiology that 
maps the clonal spread of pathogens from sur-
faces to patients could provide additional insight 
into specific transmission dynamics [62].

21.2  Conclusion

UV disinfection holds great promise for improv-
ing the safety of the operating room environment. 
Additional research and improvements in avail-
able UV technologies should provide practical, 
OPERATIONAL SOLUTIONS FOR /2S� !S REIMBURSEMENT
CHANGES FURTHER INCENTIVIZE REDUCTIONS IN SURGICAL
site infection rates, investments in UV technolo-
gies should not only make financial sense, but 
also provide improved outcomes to patients.
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