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Forced-air warming blowers: An
evaluation of filtration adequacy and
airborne contamination emissions in
the operating room
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Background: Forced-air warming (FAW) is widely used to prevent hypothermia during surgical procedures. The airflow from these
blowers is often vented near the operative site and should be free of contaminants to minimize the risk of surgical site infection.
Popular FAW blowers contain a 0.2-mm rated intake filter to reduce these risks. However, there is little evidence that the efficiency
of the intake filter is adequate to prevent airborne contamination emissions or protect the internal air path from microbial con-
tamination buildup.
Methods: Five new intake filters were obtained directly from the manufacturer (Bair Hugger 505, model 200708D; Arizant Health-
care, Eden Prairie, MN), and 5 model 200708C filters currently in hospital use were removed from FAW devices. The retention ef-
ficiency of these filters was assessed using a monodisperse sodium chloride aerosol. In the same hospitals, internal air path surface
swabs and hose outlet particle counts were performed on 52 forced-air warming devices (all with the model 200708C filter) to as-
sess internal microbial buildup and airborne contamination emissions.
Results: Intake filter retention efficiency at 0.2 mm was 93.8% for the 200708C filter and 61.3% at for the 200708D filter. The
200708D filter obtained directly from the manufacturer has a thinner filtration media than the 200708C filter in current hospital
use, suggesting that the observed differences in retention efficiency were due to design changes. Fifty-eight percent of the FAW
blowers evaluated were internally generating and emitting airborne contaminants, with microorganisms detected on the internal
air path surfaces of 92.3% of these blowers. Isolates of Staphylococcus aureus, coagulase-negative Staphylococcus, and methicillin-
resistant S aureus were detected in 13.5%, 3.9%, and 1.9% of FAW blowers, respectively.
Conclusion: The design of popular FAW devices using the 200708C filter was found to be inadequate for preventing the internal
buildup and emission of microbial contaminants into the operating room. Substandard intake filtration allowed airborne contam-
inants (both viable and nonviable) to penetrate the intake filter and reversibly attach to the internal surfaces within the FAW
blowers. The reintroduction of these contaminants into the FAW blower air stream was detected and could contribute to the
risk of cross-infection. Given the deficiencies identified with the 200708C intake filter, the introduction of a new filter (model
200708D) with substantially lower retention efficiency is of concern.
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Forced-air warming (FAW) has been widely adopted
in clinical practice to prevent inadvertent hypothermia.
This is based on the well-established benefits of nor-
mothermia during operative procedures, including re-
duced operative blood loss, improved wound healing,
reduced duration of hospital stay, improved survival,
and reduced rates of surgical site infection (SSI).1-6

The airflow from these FAW devices is often vented
into the sterile field adjacent to the operative site and
ideally should be free of contaminants to minimize
the risk of SSI. Popular FAW devices currently in wide-
spread use contain a 0.2-mm rated intake filter to re-
duce this risk.7 However, we are not aware of any
published evidence demonstrating sufficient efficiency
of the intake filter to prevent airborne contamination
emissions or to protect the internal air path from a
buildup of microbial contamination.
1
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Airborne contamination comprises all particulate
matter suspended in the operating room (OR) air. Com-
mon forms include microbial-laden dust, fibers from
theatre clothing and operative drapes, desquamated
skin, and respiratory droplets.8-10 These contaminants
are mobilized by air currents and have been shown to
settle out of the air onto the operative site, contributing
to the risk of a SSI through at least two likely mecha-
nisms. Pathogenic contaminants can directly cause an
SSI, and nonpathogenic contaminants can lead to an
SSI through the formation of a nidus for microbial at-
tachment and growth.11 A high level of airborne con-
tamination at the operative site is not necessary; the
risk of a superficial or deep SSI increases exponentially
in the presence of a foreign body, such as a hip or knee
prosthesis.12,13

To limit the associated risks of airborne contamina-
tion, OR ventilation is designed to meet a minimum fil-
tration efficiency standard of 90%.14 For many
contamination-sensitive operations, particularly in the
orthopedic and cardiovascular fields, ORs routinely
use high-efficiency particulate air (HEPA) ventilation
for added protection. By definition, HEPA filtration
meets minimum filtration efficiency standards of
99.97% at 0.3 mm. As mentioned previously, most
FAW devices use a 0.2-mm rated intake filter to prevent
the emission of airborne contamination. A filter’s mi-
cron rating conveys no information about its quality,
however. The key parameter is the ‘‘filtration effi-
ciency,’’ or ‘‘retention efficiency,’’ at the stated micron
rating. The manufacturers of FAW blowers do not dis-
close thefiltration efficiencyof their intakefilters,7mak-
ing it difficult to evaluate the adequacy of FAW intake
filters for preventing the mobilization of airborne con-
taminants in the OR. Furthermore, we recently identi-
fied a number of FAW devices that were emitting
excessive levels of airborne contamination in an OR en-
vironment, apparently related toairborne contaminants
penetrating the intake filter over a prolonged period.15

In terms of preventing a buildup of internal micro-
bial contamination, the FAW blower intake filter has
been deemed deficient by a number of researchers.
Previous studies have routinely found microbial colo-
nization inside the majority of sampled FAW
blowers.16-18 One study repeatedly cultured microbes
from the blower’s airstream; the authors recommen-
ded placement of a distal hose end filter to reduce
the risk of microbial emissions.16 Some other studies
assessing settle plate colonization levels have not de-
tected any significant differences with the use of FAW
in the OR, however.19-21 The results of those studies
are difficult to interpret, given that only a small number
of FAW blowers were sampled and the fact that the in-
vestigators did not take into account the possibility that
these FAW blowers might or might not have been
internally contaminated based on their hours of use
and number of environmental exposures.

Because of the perceived infection risks, many ORs
have been reluctant to use FAW tomaintain normother-
mia.22 Air-free alternatives to FAW have been devel-
oped, including conductive mattresses and blankets
that have been shown to be comparably effective in
randomized clinical trials23-29 and do not pose a similar
risk of airborne contamination. With the availability of
these clinically validated alternatives, it is important to
assess whether the design of FAW blowers is adequate
for preventing airborne contamination emissions in
the OR. Given the critical role of the intake filter in pre-
venting contamination emissions and buildup within
FAW blowers, the present study focused on (1) rating
the retention efficiency of two popular types of pleated
gas intake FAW filters, using industry filtration chal-
lenge standards; (2) assessing the performance of
FAW filters in the environment of use (the OR), by
isolating the filters from the FAW devices and challeng-
ing them on a special test fixture; (3) quantifying air-
borne contaminants in the effluent air stream that
were generated downstream of the intake filter within
the FAW blower; and (4) culturing the internal FAW
blower internal air path surfaces for buildup of micro-
bial contamination.
METHODS

Sampling Procedures

FAW blowers in the ORs of hospitals in the vicinity of
Minneapolis and St Paul were sampled after hours to
quantify the following:

1. Emission of airborne contamination from the distal
air stream, recorded using a calibrated laser particle
counter (Handilaz Mini; Particle Measuring Systems,
Boulder, CO). Particle counts were taken within the
intake and distal hose end airstreams. For the intake
sample, the probewas placed 2-5 cm from the intake
filter; for the distal sample, the probe was placed 2-5
cm inside the distal hose end. Three 1-minute 0.1-ft3

samples were taken at each location.
2. Performance of the intake filter in the OR environ-

ment, measured separately from the FAW blower us-
ing a portable test fixture that challenged the intake
filter with ambient operating room air. The fixture
consisted of a downstream vacuum (calibrated to
draw 35 ft3/min of ambient operating room air
through the filter), a mounting plate, and an internal
particle sampling pitot tube located downstream of
the filter in the center of the air channel before the
vacuum. With the intake filter affixed to the fixture
and the vacuum running, particle counts of a
0.1-ft3 sample volume were taken upstream and



Fig 1. Detection rates for nonspecific
microorganisms on FAW blower (n 5 52) internal
air path surfaces by swabbing location: (A) motor
stack, (B) elbow, (C) proximal hose end, and (D)

distal hose end.
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downstream of the intake filter. For the upstream
sample, the probe was placed 2-5 cm from the ex-
posed filter media surface; for the downstream sam-
ple, the probe was coupled to the sampling pitot
tube using a 7-cm tubing extension. Three samples
were taken at each location.

3. Microbial colonization of the internal air path sur-
faces, sampled using swabs moistened with Butter-
field’s buffer solution. Moistened swabs were
rubbed against an ;10-cm2 area of the following in-
ternal air path surfaces (Fig 1): exposed plastic sur-
faces of structure supporting the motor directly
downstream of the intake filter, injection molded el-
bow connecting the proximal hose to the unit, and
injection molded proximal (unit end) and distal (out-
put end) hose fittings. Four control swabs, represent-
ing the swab set for a complete unit, were also
obtained simultaneously and sent to the microbiol-
ogy laboratory in a blinded fashion with the active
samples. The control swabs were obtained by moist-
ening the swab with Butterfield’s buffer and placing
the swab directly into its transport container.

Intake FAW blower filters were acquired for further
testing both in new condition directly from the manu-
facturer (Arizant Healthcare, Eden Prairie, MN) and in
used condition from FAW devices in use in ORs for
quantification of intake filter retention efficiency, mea-
sured by challenging the filters through a range of
monodisperse particle sizes (0.025-0.5 mm). An indus-
try standard filtration test fixture used a blower and
HEPA filtration to remove all ambient particulate from
the challenge air. An atomizer (Quant Technologies,
Blaine, MN) provided a polydisperse NaCl aerosol to
an aerosol neutralizer (model 3077; TSI, Shoreview,
MN), which used a krypton-85 radiation source to neu-
tralize the particle charge distribution to Boltzmann
equilibrium levels. An electronic classifier (model
3080; TSI) then selected a portion of the polydisperse
NaCl aerosol based on its electronic mobility diameter,
thereby producing a monodisperse NaCl aerosol. This
monodisperse NaCl aerosol was injected into the chal-
lenge airstream. Upstream and downstream particle
concentrations were measured simultaneously using
two condensation particle counters (models 3772 and
3782; TSI). An air velocity meter (Dwyer Instruments,
Michigan City, IN) was used to record the challenge air-
flow (range, 30-45 ft3/min).

Assessments

Microbiological culturing and analysis were per-
formed by PACE Analytical (Oakdale, MN). Assessments
of intake filter retention efficiency were performed by
CTAssociates Inc (Eden Prairie, MN). Filter retention ef-
ficiency was calculated as the fraction of particles cap-
tured by the filter over a 5- to 10-minute challenge
period in the industry standard filtration challenge
test fixture. Retention efficiencies were measured for
each filter at 6 monodisperse particle challenge sizes:
0.025 mm, 0.05 mm, 0.1 mm, 0.2 mm, 0.3 mm, and
0.4 mm; some filters were challenged at a seventh par-
ticle size of 0.5 mm. Challenge concentrations varied
from 85,000 to 1,100,000 particles/ft3, depending on
particle size. The most penetrating particle size
(MPPS) was defined as the particle size at which the fil-
ter displayed a minimum retention efficiency.

Intake filter performance in theORenvironmentwas
assessed as the fraction of particles .0.3 mm captured
by the intake filter when challenged by ambient operat-
ing room air on the portable test fixture. A 6-minute
challenge period was used for each filter, during which
upstream and downstream measurements were per-
formed sequentially. Reported values for upstream
particleswere calculated as the averageparticle concen-
tration upstream of the intake filter. Similarly, reported
values for downstream particles were calculated as the
average particle concentration downstream of the filter.

Expected distal airstream particle emissions were
calculated for each FAW blower by (1) computing the
average concentration of .0.3-mm particles in the in-
take airstream and (2) multiplying the average intake
airstream particle concentration by the fraction of
.0.3-mm particles removed by the intake filter (as ob-
served during intake filter performance testing). Intake
airstream particle concentrations were measured over
a 3-minute sampling period.

Deviations from expected distal airstream particle
emissions were calculated for each FAW blower by
subtracting the expected distal airstream particle
concentration from the observed distal airstream
concen-tration of .0.3-mm particles. Distal airstream
particle concentrations weremeasured over a 3-minute

http://www.ajicjournal.org


Fig 2. Mean retention efficiencies for intake filter
models 200708C (n5 5) and 200708D (n5 5) with
dispersion indices (61 standard deviation). For each
filter, the efficiency rating at the most penetrating

particle size is shown.

Fig 3. Intake filter performance in the surgical
environment of use as assessed with the OR room
challenge fixture (not shown). Individual intake filter
performance values (n 5 52) are displayed, along
with a fitted no-intercept linear regression model.
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sampling period. The deviation fromexpected distal air-
stream particle emission represents the quantity of par-
ticulate emission generated inside the FAW blower
downstream of the intake filter.

The number of colony-forming units (CFUs) per
swab was assessed as follows. Swabs were transported
from the site in 5 mL of Butterfields’s buffer on ice. The
diluent and swab were vortexed in a transport con-
tainer for 30 seconds. In duplicate, 1 mL of the sample
was pipetted into a Petri dish, and 25 mL of molten
458C tryptic soy agar was added to form a nonselective
growth medium. After incubating for 48-72 hours at
36.0 6 0.18C, the dishes were inspected for microor-
ganism growth, with each individual colony counted
as a single CFU. The reported number of CFUs per
swab represents the average colony counts recorded
between the two Petri dishes multiplied by a conver-
sion factor of 5. The reported counts for the distal
hose, proximal hose, elbow, and motor stack are the
CFUs reported for the single swab used at each location
(Fig 1). Combined CFUs per FAW blower are the sum of
the CFUs reported at each of the 4 swabbing locations.

The presence of specific microorganisms was as-
sessed for each swab through enriching and incubating
the remaining diluent (24 hours at 36.0 6 0.18C), fol-
lowed by testing for Staphylococcus aureus and
coagulase-negative Staphylococcus (CoNS) using man-
nitol salt agar and for methicillin-resistant S aureus
(MRSA) using CHROMagar (BD, Franklin Lakes, NJ).
No other Staphylococcus species were identified.

Statistical analysis

FAW blowers with significant deviations from ex-
pected distal air stream particle emissions were
identified using a variance-weighted analysis of covari-
ance model with particle outflow concentration as the
response. Predictors included intake particle concentra-
tion as a covariate and FAW blower serial number and
treatment (filter isolated or filter onFAWblower) as fixed
effects. Significant treatment differences were identi-
fied as those with a P value ,.05 (two-tailed).

Pearson correlation coefficients were calculated to
assess the linear correlation between FAW blower par-
ticulate emissions (generated downstream of the intake
filter) and CFUs detected for each swabbing location
(distal, proximal, elbow, motor stack, and combined).
The P value represents the two-tailed probability that
the Pearson correlation coefficient is equal to 0.

RESULTS

A total of 52 FAW blowers (Bair Hugger, model 505;
Arizant Healthcare, Eden Prairie, MN) were sampled in
their surgical environment of use (ORs) from 11 hospi-
tals. Only OR-dedicated FAW blowers were sampled.
Sampling was conducted in 38 separate ORs, in which
FAW blowers were sometimes moved to a common OR
for sampling that shared the same central hospital
ventilation as the other ORs. The distribution of ambi-
ent OR air quality provided by the ventilation system
differed greatly by hospital (Figs 3 and 4), with venti-
lation quality ranging from 0 to 800,000 .0.3-mm par-
ticles/ft3 centered on a median of 8,600 .0.3-mm
particles/ft3; upper and lower quartiles were 130,000
and 3,600 .0.3-mm particles/ft3, respectively.

Intake filter retention efficiency

The retention efficiencies for the model 200708C
(n5 5) and 200708D (n5 5) filters differed significantly,



Fig 4. FAW blower distal hose airflow particulate emissions above (or below) expected levels based on the measured
efficiency of each filter and intake air particulate levels. *FAW blowers with significant particulate emissions exceeding

the expected level (P , .05).
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with mean reported retention efficiency values of
93.8% and 61.3%, respectively, at an MPPS of 0.2 mm
(Fig 2). Avisual inspection of both filters revealed a thin-
ner filtration media in the 200708D filter, a difference
that was especially apparent when both filter models
were held up to a light source.
Intake filter performance in the surgical
environment

Of the 52 model 200708C model intake filters that
were challenged with OR air, 47 appeared to have con-
sistent efficiencies within the expected range of opera-
tion (Fig 3), and 5 sampled in ‘‘dirtier’’ environments
appeared to have lowered filtration efficiencies. A lin-
ear no-intercept regression model fitted to the data
for the 47 intake filters demonstrating consistent per-
formance identified a filtration efficiency of 95% for
.0.3-mm particles as the best fit.
FAW blower-generated particles

Distal hose end air stream particle emissions were
well above what would be expected for the majority
of FAW blowers (n5 30) based on reported intake filter
performance. Deviations from expected distal particle
emissions for each FAW blower—a quantity based on
measured intake filter performance and distal particle
emissions for each individual unit—revealed that
58% of FAW blowers were generating significant levels
of .0.3-mm particles, up to 35,000 particles/ft3 down-
stream of the intake filter (Fig 4). The magnitude of
FAW blower particle generation was loosely correlated
with ambient OR air particulate concentrations.
FAW blower air path colonization

Air path swabs from FAW blowers revealed the pres-
ence of viable microorganisms in 92% of the blowers
(Fig 1), with the heaviest growth reported on the inter-
nal air path surfaces of the distal hose end (Fig 5). Iso-
lates of S aureus, CoNS, and MRSAwere detected inside
13.5%, 3.9%, and 1.9% of the FAW blowers, respec-
tively. Pearson correlation coefficients indicated a
lack of correlation between blower-generated particles
and internal levels of microbial colonization for the
combined measurement (P5 .09) as well as all individ-
ual swab locations (distal, P 5 .09; proximal, P 5 .31;
elbow, P5 .26; motor, P5 .99). Microbes were detected
on the nonspecific growth medium for a small propor-
tion of control samples (9%); all microorganism-
specific control samples were negative.

DISCUSSION

Our results suggest that popular FAW devices in cur-
rent use are of questionable design with regard to pre-
venting airborne contamination emissions into the OR
and possibly the surgical field. Inadequate FAW blower
intake filtration (93.8% for the model 200708C filter
and61.3%for themodel200708Dfilter) resulted inan in-
ternal buildup of microbial contamination within the
majority of FAW blowers (92%) on inaccessible air path
surfaces. The majority of FAW blowers (58%) also were
found to be internally generating airborne contamina-
tion downstream of the protective intake filter. This
might have been related to the release of built-up con-
taminants acquired during previous periods of use in en-
vironments with elevated levels of ambient airborne
contaminants. This is the first study focusing on

http://www.ajicjournal.org


Fig 5. Number of CFUs detected by sampling location, reported as 25th, 50th, and 75th quantiles with marked
outliers.
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assessing FAW blower intake filter performance and
its relationship to FAW blower-generated airborne
contamination.

We felt that it was important to characterize the intake
filter separate from the FAW blower, given that previous
research identified elevated levels of contamination
emission from a number of FAW blowers,15 but the
source of this contamination could not be conclusively
identified as being downstream of the intake filter. By
characterizing the performance of each FAW blower in-
take filter in its environment of use (the OR), we were
able to determine the expected particle emissions from
FAW blowers and isolate emissions in excess of this ex-
pected value as being introduced downstream of the in-
take filter within the FAW blower. However, this study
was limited in its ability to identify the exact composition
of these emitted contaminants, because we identified
only selected microorganisms through swabbing and
did not collect particulate samples for assessment
throughmicroscopy. Nevertheless, previous research, re-
ported intake filter retention efficiencies, and swabbing
results provide some general information regarding the
source of such contaminants.

Previous studies of the size distribution of airborne
contaminants upstream and downstream of FAW
blowers concluded that air leaks on the intake side
were an unlikely source of contamination.15 This
leaves the wear-and-tear of moving components or
the release of built-up contaminants as the most likely
sources. The disintegration of moving components is
an unlikely source, given that the generation of con-
tamination was not uniform for blowers with similar
internal components. This trend toward nonuniformity
is apparent in Figure 4 if several relationships are con-
sidered. First, FAW blowers with similar levels of intake
particulate challenge typically belong to the same hos-
pital. Second, these FAW blowers within a single hospi-
tal generally come from the same manufacturing lot
and thus have similar internal components. Finally,
based on intake particulate challenge results, these
groups of blowers from similar lots would be expected
to exhibit uniform trends of contamination generation.
This correlation is not apparent in Figure 4, however. In
contrast, the release of built-up contaminants appears
to be a probable cause based on reported FAW blower
intake filter retention efficiencies.

All of the FAW blowers evaluated in the OR from this
sample population used themodel 200708C intake filter,
whichhada reported retentionefficiencyof93.8%when
challenged by a specific size of particulate (0.2 mm). In
addition, performance data suggest that most of the
200708C filters performed near or within specifications
in the OR when challenged with ambient air (95% at
.0.3 mm). However, this level of intake filtration implies
that approximately5%-7%ofambient airbornecontam-
inants pass through the intake filter and into the FAW
blower. These airborne particles (both viable and nonvi-
able) are likely to reversiblyattach to theFAWblower’s in-
ternal plastic air path surfaces, particularly because
plastic surfaces tend todevelop anattractive static charge
in the presence of a particulate-laden airflow.30

As such, the nature of contaminants contained in the
FAWblower is likely to depend on both the past and cur-
rent environments of use. The typical location for FAW
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blowers in the OR tends to be near the floor by the head
of the operating table. Movements of the surgical staff
and patient have been shown to generate large quanti-
ties of desquamated skin cells, asmuch as 10%ofwhich
have been shown to carry viable microorganisms.9,31

These shed skin cells have a wide particle size distribu-
tion, extendingwell below5mmdue to flake fragmenta-
tion;32,33 thus, a large portion of these skin cells are
small enough to become buoyant and follow the down-
ward nature of the laminar air flow toward the FAW
blower intake. The efficiencyof the intake filter suggests
that a large number of these potentially pathogen-
carrying cells could penetrate the filter and build up
on the FAW blower’s internal air path surfaces. This
mechanismofairborne skin cell ‘‘seeding’’ is a likelyex-
planation for the 92% internal colonization rate. This is
further supported by the finding that approximately
15% of reported isolates were skin-specific organisms,
namely S aureus and CoNS. In addition, FAWblowers of-
ten aremoved between clean-air OR environments and
the recovery room, a practice that might exacerbate the
airborne contamination towhich these FAWblowers are
exposed. This relationship between environmental ex-
posure and the degree of FAW blower contamination
generation is illustrated in Figure 4, where higher de-
grees of contamination generation in ORs with higher
ambient particulate levels.

The concept of ‘‘seeding’’ also presents the possibil-
ity of microbe growth and aerosolization from internal
FAW blower surfaces. Deposited contaminants may act
as the nutrient source for sustaining microbe growth.
However, Pearson correlation coefficients demon-
strated no conclusive relationships between detected
CFU counts and emitted contaminant levels, suggesting
that a large portion of emitted contaminants were non-
viable in nature. Our results warrant future research
into this matter.

Nevertheless, relevant clinical risks are related to the
potential release of these airborne contaminants from
FAW blowers in the vicinity of the surgical site. Al-
though our findings do not establish a direct link be-
tween FAW and increased SSI rates, they do raise
awareness of the potential risks associated with FAW
use. Further, our results and those of others15-18 dem-
onstrate appreciable microbial contamination on the
internal air path surfaces of FAW blowers, consisting
of common pathogenic isolates (S aureus, CoNS,
MRSA) that are typically involved in superficial and
deep SSIs.11 These isolates, as free-floating bacteria,
are commonly found in ORs and have a particle size
range of 0.5-4 mm,34 which corresponds to the size dis-
tribution of FAW blower-borne contaminants detected
in this study. In prosthetic surgery, all of the identified
organisms are associated with appreciable morbidity
and mortality, and their presence could lead to the
need for revision or removal of an infected prosthetic
joint.35 Moreover, the potential for the mobilization
and release of built-up pathogenic contaminants sug-
gests that FAW blowers might increase the risk of
cross-contamination between operations; for example,
one study implicated FAW blowers as the causative fac-
tor in an outbreak of Acinetobacter baumannii.18

Our results point to 3 primary design inadequacies
of FAW blowers that contribute to the buildup and re-
lease of contaminants. First, the inaccessible nature
of the internal FAW blower air path surfaces prevent
regular cleaning and decontamination. This is in con-
trast to guidelines from the European Union Medical
Device Directives, US Food and Drug Administration,
and Health Canada regarding reusable medical equip-
ment that either require or recommend manufacturers
to offer a means for decontamination.36-38 Second, cur-
rent FAW blower intake filtration measures are inade-
quate to prevent the buildup of microorganisms on
internal air path surfaces. Finally, the design of current
FAW blowers does not include an outlet filter that could
prevent the emission of contaminants into the OR. FAW
device manufacturers should be encouraged to rede-
sign FAW blowers such that internal surfaces are acces-
sible for decontamination and that true HEPA filtration
(.99.97% at 0.3 mm) is offered as a protective measure
at the intake and hose outlet. In the meantime, hospi-
tals and care providers might consider periodic sterili-
zation procedures for reconnectable components of
their FAW machines. In addition, the introduction of a
new filter (model 200708D) with lower filtration effi-
ciency (61.3%) in popular FAW blower models is of
concern.

In conclusion, this study highlights the potential
risks of intraoperative surgical site contamination
when FAW devices are used in clean OR environments.
These risks may be elevated in contamination-sensitive
operations, such as prosthetic elective surgery, that de-
mand laminar HEPA airflow ORs. The need to avoid in-
advertent hypothermia is now well recognized39 and is
part of the mandatory checklist in theWorld Health Or-
ganization’s ‘‘Safe Surgery Saves Lives’’ campaign.40

Our findings suggest that it would be prudent to add
HEPA filtration to the intake and outlet of FAW blowers
to reduce the risk of emission and mobilization of con-
taminants in the OR environment. Alternatively, air-
free warming technologies, such as conductive fabric
mattresses and blankets,23-29 that can be easily decon-
taminated should be considered.
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