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Abstract. The study compares the efficacy of air disinfection in
orthopedic operating rooms by laminar supply of HEPA filtered air

against UV radiation. Qualitative and quantitative parameters of air
in two operating rooms were assessed in dynamics. One of the
operating rooms was equipped with laminar air supply with high
efficiency particulate air filters, the other with ultraviolet lamps for
air disinfection. Total bacterial count of the air in the first operating
room was nearly 60 times lower than in the second one. Unlike in the
operating room with UV light, the air in the operating room with
HEPA filtered air supply did not contain any potentially pathogenic
species able to cause surgical sight infection. HEPA filtration for air
disinfection possesses a number of significant advantages: species
spectrum of airborne bacteria is improved — no species known to
cause infections in human are found; the air is not only cleaned and
disinfected but also conditioned, providing comfortable environment
for staff and patients (prevents miscellaneous complications);
microbiological parameters of air quality are maintained at high level
throughout the working time, air filtering and conditioning is
continuous while patients and staff are in the operating room.

Introduction

Analysis of literary sources showed that studies
on reasons of surgical site infection after major
orthopedic surgeries such as joint replacement,
osteosynthesis in large segments of limbs, spine, and
pelvis often focus off such an important causal factor
of surgical wound and instrument contamination as
airborne bacteria in operating rooms [1, 3, 5, 9].
Many developed countries have developed standards
and regulations limiting biological contamination in
clean rooms, including orthopedic operating rooms
(ISO 14698-1/2) [9, 10].

Ultraviolet radiation has been traditionally used
for air and surfaces disinfection in medical facilities
for decades. However, this method has several
disadvantages: impossibility to use it in presence of
staff or patients due to possible eye and skin damage,
production of ozone in concentrations harmful for
human health unless eliminated by proper
ventilation, limited efficiency [4, 10, 11].

Laminar supply of sterile air derived by high
efficiency particulate air (HEPA) filtration has been
implemented in many surgical clinics in developed
countries [6, 9].

John Charnley pioneered in designing and imple-
menting laminar supply of clean air in operating
rooms in 1969 to reduce the infection rate after total
© S.V.Vasiuk, Y.M.Vasylchyshyn, V.L.Vasyuk, 2013

hip replacement. It was John Charnley who perfor-
med the first total replacement of an affected hip
joint with endoprosthesis using cement fixation of
components to the bone in 1963. The effect of
laminar sterile airflow was dramatic: as reported by
Charnley, Eftaknan et al., 1972, early surgical site
infection rate after hip replacement reduced ninefold
from 9% to 1% [5, 10]. In absolute numbers it meant
thousands of patients who avoided infectious
complications. Other studies published on the subject
report similar picture [2, 5, 6].

Wide spread of joint replacement, which means
implanting massive foreign body (artificial joint) into
the organism for decades, often even for a lifetime,
made infection prevention a priority issue. Number
of the procedures per year rose to tens of thousands,
then to hundreds of thousands. In the USA alone over
500000 primary hip and knee replacements were
performed in 2011. Expenses on one surgery were
estimated as 35000 US dollars; EU members spend
14.7 to 19.1 billion euro per year on treatment of
periprosthetic infections. This makes surgical site
infection prevention after major orthopedic surgeries
both an important medical and social issue [4, 5, 9].
Relevant data in Ukrainian population is missing.

Last but not least, comfortable environment in
operating rooms, including controlled temperature,
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humidity, and airflow velocity ensures that surgical
and anesthesiological team concentrates maximum
effort on their job, which improves its quality and
thus can be considered a complications prevention
measure [7].

Before 1989, laminar clean air was produced by
high impulse ventilation systems containing com-
pressor and filters. Positive pressure maintained in
the operating room provided that no contaminated air
is sucked into the room from neighbor rooms. It did
not take into account convectional airflows around
warm objects such as staff, lamps, and equipment,
and high airflow velocity caused turbulences mixing
clean air with ambient non-sterile air in the room.
These two problems were addressed in a new design
developed by Airsonett (Angelholm, Sweden) in
1989 to 1997 which combined filtering, ventilation,
and air conditioning, “Airsonett airshower”. It is a
computer controlled low impulse heat, ventilation,
and air conditioning (HVAC) system with HEPA
filters, which creates downward sterile laminar air-
flow due to temperature gradient. Low velocity
prevents turbulences; cooled air redirects upward
convectional currents from warm objects [3, 7, 8].

The first system of the new design and, to our
knowledge, the first laminar clean air system in
operating room in Ukraine was installed in Center of
Traumatology and Orthopedics, Chernivtsi, Ukraine,
in 2007. Air quality in the operating room with the
“Airshower” system switched on complies with the

international standard ISO 5 for clean rooms by
suspended particle count [3].

Therefore, the results of implementing the new,
progressive method of air sterilization in clinical
setup, primarily in operating rooms, need further
research. This, in turn, requires further studies on
advantages and possible problems of HEPA filtered
laminar airflow in comparison with current standard
method of air disinfection in hospitals in Ukraine,
UV radiation.

Aim of study

Compare the efficiency of air disinfection in
orthopedic operating rooms by HEPA filtered
laminar air delivery and by UV radiation.

Material and Methods

Qualitative and quantitative microbiological
parameters of air and their dynamics were assessed
in two operating rooms. In the first one laminar
HEPA filtered air supply was used for air
sterilization, in the second one — UV lamps.
Aspiration samples were taken using Krotov’s
impaction air sampler, in accordance with its
operating manual. The sampler was positioned on the
operating table. Air flow rate was 30 liters per
minute, duration of sampling was 3 minutes, and
total volume of air collected per one sample was 90
liters. Every sample was doubled for more
consistency. For studying the dynamics of qualitative

Table 1

Total bacterial count of the air in operating rooms with different methods of air disinfection

o . Total bacterial count (CFU per 1m°)
Method of air disinfection Before surgeries After 1 surgery After 2 surgeries
Laminar HEPA filtered 189+ 4.15 17.8+4.77 19.9 +5.44
air n=5 n=5 n=5
_y 1309.6 = 470.14 1210.2 +343.66 977.1 +303.24
UV radiation — — —
n=5 n=6 n=4
Student’s test 2.74 3.47 3.16
Probability of error P <0.05 P <0.01 P <0.05
Table 2

Occurrence of bacteria and fungi in the air from operating rooms with different air disinfection methods (%)

Microflora O}l)eraj[ ing room With Qperating room Student’s Probability of

aminar clean air with UV radiation test t error P
Samples taken 26 28

No growth 34.6+ 16.17 0.0+ 13.1 1.67 > (.05
Micrococcus spp. 346+ 16.17 643+ 11.50 1.5 >0.05
Corynebacterium spp. 0.0 +14.00 28.6+16.27 1.33 >0.05
Bacillus spp. 7.7 £19.22 39.3+ 15.00 1.3 > (.05
»saprophytic” staphylococci 46.2 + 14.68 82.1+8.13 2.14 <0.05
S. aureus 0.0+ 14.0 3.6+ 18.90 0.15 > (.05
E. coli 0.0 +14.0 3.6+ 18.90 0.15 > (.05
Streptococcus spp. 0.0+ 14.0 3.6 +18.90 0.15 >0.05
Candida spp. 0.0 +14.0 3.6+ 18.90 0.15 > (.05
Mold fungi 11.5+ 18.81 82.1+8.13 3.45 <0.01
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and quantitative air parameters
during working day, samples
were collected before surgeries,
after the first surgery, and after
two surgeries. Total amount of
samples collected in the
operating room with laminar
clean air supply was 26, and in
the operating room where UV
radiation was used for air
disinfection — 33 samples. The
sampling lasted from
05.12.2012 to 01.03.2013.

The growth medium was
blood agar plates. Bacteria were
identified using standard
methods used in clinical
microbiology. Acquired digital
data was processed using
methods of variation statistics.

Results and their discussion

Total bacterial count of the
air in the operating room with
laminar clean air supply was 50-
70 times lower than in the
operating room with UV
radiation for air disinfection
(table 1, picture 1).

Species spectrum of airborne
bacteria in the operating room
with laminar HEPA filtered air
included saprophytic genera:
Micrococcus, Bacillus.
Staphylococci  were  only
represented by S. epidermidis
and S. saprophyticus. A few
mold fungi were encountered.

Species spectrum of airborne
bacteria in the operating room
with UV radiation for air
disinfection was considerably
broader. Besides Micrococcus
spp., who are saprophytes and
are often found both in the air
and on surrounding objects,
Corynebacterium spp., and S.
epidermidis were identified,
who belong to microbiocenoses
of the skin, mucous membranes,
and intestines in human. Spore-
forming bacteria of Bacillus
genus were also registered.
They are saprophytes and are
mostly found in vegetable foods
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Pic.1. bacterial count of the air in operating rooms with
different methods of air disinfection (CFU per | m”)
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Pic. 2. Absence of growth percentage in the samples
taken from the air in the operating room with laminar
HEPA filtered air supply (%)
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Pic. 3. Dynamics of species occurrence in the air from operating room with UV
radiation for air disinfection during working day (CFU per 1 m’)
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Pic. 4. Dynamics of species occurrence in the air from operating room with UV
radiation for air disinfection during working day (relative quantity, %)
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Pic. 5. Dynamics of airborne microflora in the operating room with UV
radiation during the working day (CFU per 1 m”)
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Pic. 6. Dynamics of airborne microflora in the operating room with laminar
HEPA filtered air during the working day (CFU per 1 m®)

and in the soil, but sometimes in human intestines as
well. Microscopic fungi were represented by mold
fungi and in one occasion — yeast-like fungi

belonging to Candida genu.
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It is worth mentioning
that opportunistic pathogenic
bacteria  were  found
sporadically in the air from
the operating room where
UV radiation was used for
air  disinfection. They
included Streptococcus spp.,
E. coli, S. aureus. These
bacteria are capable of
causing purulent infections
in human, including surgical
sight infections. The isolated
strain of S. aureus was
resistant to benzylpenicillin
and azithromycin. Further-
more, it was able to produce
beta-lactamase, which is
characteristic for nosocomial
strains. Even among isolated
strains of S. epidermidis, a
saprophyte which is a normal
component in skin and
mucous membranes micro-
biocenoses, ability to
produce beta-lactamase was
confirmed in 33.3%. Resis-
tance to benzylpenicillin was
encountered in 33.3%, and to
azithromycin — in 66.6%.
That emphasizes the impor-
tance of control over their
occurrence in the air of
operating rooms as a
prevention measure against
nosocomial surgical sight
infections.

Studying the occurrence of
different genera and species of
bacteria and fungi in the air of
the operating room with
laminar HEPA filtered air
showed the absence of growth
in 35.1 % (pic. 2). That can be
interpreted as the air being
sterile.

All the samples taken
from the operating room
with UV radiation for air
disinfection had growth
(table 2). All the species

identified in the study had higher occurrence in the
samples taken from the operating room with UV
radiation than from the operating room with HEPA

filtered air. The difference was statistically
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significant for mold fungi and saprophytic
staphylococci (table 2).

Based on the data acquired, dynamics of total
bacterial count and species spectrum was analyzed
for the two operating rooms.

As shown in table 1 and pic. 1, total bacterial
count in the operating room with UV radiation had a
tendency to decline during the working day.
However, the changes were statistically insignificant.

Analysis of dynamics for every separate species
occurrence in the air of the operating room with UV
radiation revealed no distinct tendencies by absolute
or relative parameters besides elevation in
saprophytic airborne micrococci (pic. 3, 4).

The species found in the samples from the two
operating rooms can be divided into two groups. The
first one comprises saprophytes usually found in the
surrounding environment: Micrococcus spp.,
Bacillus spp., and mold fungi. The other includes
microbes typically dwelling in different locations of
human body: staphylococci, corynebacteria, Candida
fungi, streptococci, enterobacteria.

Studying the dynamics of total occurrence in each of
these groups in the air of the operating room with UV
radiation showed that the number of typical human
body inhabitants increases during the working day (pic.
5). The fact that mold fungi were encountered in
considerable amounts in 82.1 % samples taken from the
operating room with UV radiation (pic. 4) can be the
result of high relative humidity. It is well known that
high humidity is favorable for microscopic fungi
growth, including molds. This example reveals another
advantage of HVAC system supplying the clean air in
the other operating room: besides filtering away
particles and microbes, it conditions the air, providing
its stable temperature and reducing relative humidity
peaks. Comfortable environment and clean air enhance
staff performance and patient’s comfort.

Total bacterial count in the operating room with
laminar HEPA filtered air showed no noticeable
dynamics and, as mentioned above, was very low.
Percentage of samples with no growth had no tendency
to decrease during the working day (pic. 2). Unlike in
the operating room with UV radiation, the occurrence
of typical human body inhabitant microbes remained
practically the same during the working day in the
operating room with laminar HEPA filtered air (pic. 6).

Somewhat lower general microbial count before
surgeries can be the result of continuous air filtering in
“standby” mode plus absence of any patient or staff
activity during the night. The amount of environmental
airborne saprophytes increased slightly during the
working day in both operating rooms (pic. 5, 6).

Conclusions

1. Total bacterial count of the air in the operating
room with laminar HEPA filtered air supply was
nearly 60 times lower than in the operating room
with UV radiation for air disinfection.

2. Unlike in the operating room with UV light, the
air in the operating room with HEPA filtered air
supply did not contain any potentially pathogenic
species able to cause surgical sight infection.

3. HEPA filtration for air disinfection in operating
room possesses a number of significant advantages
compared to UV radiation:

- Total bacterial count of the air is decreased by
tens of times;

- species spectrum of airborne bacteria is
improved — no species known to cause infections in
human are found;

- the air is not only cleaned and disinfected but
also  conditioned, providing comfortable
environment for staff and patients (prevents
miscellaneous complications);

- microbiological parameters of air quality are
maintained at high level throughout the working time;

- air filtering and conditioning is continuous
while patients and staff are in the operating room.

Literature. 1.Bakynenko B. M. Pannee nporao3upoBanue
MH(PEKINOHHBIX OCIOKHEHHUH MOCIIE TOTAIBHOTO 3H/IOIPOTE3H-
poBanus TazobenpeHHoro cycrasa / B. M. Bakynenko, A. B.
Bakyunenko // Tpasma. — 2006. — T. 7, Ne 1. — C. 61-64. 2.I'pu-
nait MLI1., Jlineako O.M., Konog I.b. [liarHocTrKa Ta J1iKyBaH-
Hsl iHpEKUiHHUX YCKIIaAHeHb MiciIs eHI0NPOTEe3yBaHHs KOJTiH-
HUX Cyr7100iB // BicHUK TpaBMaToJorii, opTomnenii Ta mporesy-
BauHs — 2007.- Ne 4 — C. 20-26. 3.HogiTHi TexHOosOTIi mpod-
1JTAKTUKHU TOBITPSIHOTO 3a0pyAHEHHs omnepamniitnoi panu / /1.
Kpicrenccon, B.JI. Bactok, SI.M. Bacunpunuiun // 30ipHUK
HaykoBHX npaip criBpoditHukiB HMATIO imeni [1.JI. HIymuxka.
— KuiB — 2007. — Bunyck 16. — Kuura 4. — C. 71-76. 4. Evans
R.P. Current concepts for clean air and total joint arthroplasty:
laminar airflow and ultraviolet radiation: a systematic review /
/ Clin Orthop Relat Res. — 2011. — Vol. 469(4). — P. 945-953.
5.Evans R.P. Laminar air flow in the operating room: how
effective is it in reducing infection? // AAOS Bull. —2006. — P.
12-14. 6.Evans R.P.; American Academy of Orthopaedic
Surgeons Patient Safety Committee. Surgical site infection
prevention and control: an emerging paradigm. J Bone Joint
Surg Am. — Vol. 2009, No. 91(Suppl. 6). — P. 2-9. 7. Kristensson
J. Local climate control and protective ventilation made
possible with ceiling mounted low impulse air delivery devices
// ASHARE conference. — Chicago, 1993. 8.Particle counting
and microbiological air sampling: Results of the simultaneous
use of both procedures in different types of hospital rooms /
Armadans-Gil L., Rodraguez-Garrido V., Campins-Marta M. et
al. // Enferm. Infec. Microbiol. Clin. —2012. — Vol. 30. — No.
4.—P.209-211. 9.Prevention of infection after knee arthroplasty
/ Gorenoi V., Schunermark M.P., Hagen A. // GMS Health
Technol. Assess. —2010. — Vol. 6, Doc. 10. 10.Rutala WA,
Weber DJ; The Healthcare Infection Control Practices Advisory
Committee (HICPAC). CDC Guideline for Disinfection and
Sterilization in Healthcare Facilities, 2008. Available at:

http://www.cdc.gov/hicpac/Disinfection_Sterilization/

20_0Oreference.html. 11.Ultraviolet lighting during
orthopaedic surgery and the rate of infection / Ritter M.A.,
Olberding E.M., Malinzak R.A. // J Bone Joint Surg. Am. —
2007. — Vol. 89. — P. 1935-1940.

43



Kniniuna ma excnepumenmanvna namonozis

Tom XII, Ne3 (45), 2013

SOPPEKTUBHOCTD JAMUHAPHOI'O IOTOKA
CTEPHUJIBHOI'O BO3AYXA N
YIABTPA®UOJETOBOI'O OBJIYYEHUSA B
OPTOINNEJUYECKHX OINEPAIMOHHBIX

C.B.Bacwok, A.H.Bacunvuuwun, B.JI. Bacrok

Pestome. Llenbio vcciienoBaHus SBISETCS CpaBHEHHE Y deK-
THBHOCTH 00€33apa)kHBaHHUs BO3/LyXa B OPTOINENYECKHX Oepa-
LIMOHHBIX METOJIOM BBICOKOA((GEKTUBHOIT PUIBTpaLy BO3ayxa
1 METOZIOM YJbTpaduonetoBoro odmyuenus. [IpoBeaeHo uzyye-
HHE Ka4eCTBEHHOTO U KOJIMYCCTBEHHOTO COCTABA BO3AyXa U JIU-
HAaMHKH 3THX [IOKa3aresei B IByX ONepalloHHbIX. B epBoit u3
HHX BO3IyX 00€33apa)KMBajicsi METOJIOM BBICOKOA()(HEKTHBHOM
(usTpalyu, BO BTOPOi — C MOMOIIBIO JIaMII YIbTpaduoneToBo-
ro obryyenus. O0mas 00CeMEHEHHOCTh BO3/IyXa B OTIEPAIOH-
HBIX C CHCTEMO ero BEICOKOd(dexTrBHOM pripTpanun B 60 pa3
HIDKE, YEM B OIIEPALlHOHHBIX, B KOTOPBIX JUIs 00e33apaKBaHuUs
Bo3yxa ucrnosbsyercs YOO. B cpaBHEHHH € ONEpaliiOHHBIMH,
B KOTOPBIX U1 00€33apakuBaHust BO3Ayxa ucroibsyercs YPO,
BO3/1yX OIEPALMOHHBIX C CHCTEMOIT ero GpuiIbTpaliu He cozep-
JKUT TIOTEHIUATIBHO ATOTCHHBIX BUJIOB, CIIOCOOHBIX BBI3BIBATH
TI0CJICONEePAIMOHHOE HATHOCHHE paHbl. MeTox (hHIIbTpaly Bo3-
JlyXa C LIeJIbIO ero 00e33apakUBaHUsI UMEET PsiJ| CYIIIECTBEHHBIX
MPEUMYILIECTB: yJTy4LIaeTCs BUIOBOH COCTaB MUKPOQIIOPHI — B
BO3/IyXEe HE ONPEEISIOTCS BUIIBI, CIIOCOOHBIC BBI3BIBATH MHOM-
HO-BOCIAJIUTENbHbBIC 3a00ICBaHMU YEIOBEKa; BO3IYX HE TOJIBKO
oduIIaeTes ¥ 06e33apakuBacTCs, HO U KOHIMLMOHUPYETCS, B
pe3yJIbTare 4ero yIy4IliarTcs YCIoBHs paboThl IepcoHana (Tak-
e IpodUIIaKTHKA Pa3IMYHOrO Poia OCI0KHEHHMIT); MUKPOOHO-
JIOTMYECKHE MOKa3aTeM KauecTBa BO3AyXa IOICPKHUBAIOTCS Ha
BBICOKOM YPOBHE B TEUEHHE BCEro paboyero BpeMeHH; 00e33a-
paXHBaHKE M OYHCTKA BO3/LyXa OCYIIECTBISETCS B IPUCY TCTBUH
nepcoHasa 1 GoIBHOTO.

KuiroueBble ciioBa: 00e33apaxuBaHHE BO3JyXa, yIbTpa-
(ubTpanus, yneTpagroieToBoe 00IydeHHE.

E®EKTUBHICTH YJIbTPA®LIBTPAIIIT TA
YIABTPA®IOJIETOBOI'O OITPOMIHEHHS ITOBITPA
B OPTOIIEJAYHUX ONEPAIIIMHUX

C.B.Bacirok, A.M.Bacunvuuwun, B.JI. Baciok

Pe3tome. MeToro oCImiKeHHS € TOPIBHAHHS €(DEeKTHBHOCTL
3HE3apa)KCHHsI MOBITPs B OPTOIECAMYHHX ONEPALIHIX METOOM
BHCOKOC(PEKTUBHOI (ibTpaIlii MOBITPS Ta METOIOM YIIBTPa-
(hioneroBoro BurpoMiHoBaHHs. [IpoBeeHO BUBUCHHS SIKICHOTO
Ta KUTBKICHOTO CKJIQy MOBITPSI Ta AMHAMIKY LIUX ITOKa3HHUKIB Y
JIBOX oIlepauiiHux. B nepiuiit 3 HUX MOBITPs 3HE3apaKyBaJIOCh
METOJ0M BUCOKOe(peKTUBHOI QinbTpamii, B ApyTii — 3a
JIOTIOMOTOFO JIaMIT YABTPagioIeTOBOTO OMPOMiHEHHS. 3arajibHa
3aCisHICTh MOBITPS OMEpAifHUX 13 CUCTEMOIO HOTO BUCOKO-
edexTuBHOI Qinbrpamii y 60 pa3iB HIKYa, HIXK B ONEpaIliiiHUX,
y SIKMX JUIsL 3HE3apa)KCHHsI TOBITPs BUKOPUCTOBY€EThCsl YOO, Y
TOPIBHSHHI 3 OTIEpAIliiHAMH, Y SKHUX JUT 3HE3apayKCHHS TIOBITPS
BHKOPUCTOBYEThC YDO, MOBITps onepaniiHuX i3 CHCTEMOIO
oro ¢inpTpalii He MiCTUTh MMOTEHLIHHO MaTOTEHHUX BHUIIB,
3[aTHUX BUKJIMKATH MicisonepaliiHe HarHoeHHs paH. Metox
¢inpTpanii mOBITPS 3 METOI HOTO 3HE3apaKEHHS Ma€ P
CYTTEBHX IIEpeBar: IOKpPaIlyeThCs BUIOBHIA CKIag MiKpohIopu —
y TOBITpi HE BUSBISIOTHCS BUJIH, SIKi 31aTHI BUKJIMKATH THIHHO-
3ariajibHi 3aXBOPIOBAHHS JTFOAMHH; TTOBITPS HE TUIBKU OYUIILYETHCS
i 3HE3apaXyeThCs, aje i KOHIUIIOHY€ETHCS, BHACIIIOK 40T0
TTOKPAIIYIOThCS YMOBH POOOTH ITEPCOHATY (TaKOX MpodinakTuka
PI3HOTO POy YCKIIaIHEHB); MIKpOOIOIIOTiYHI MOKa3HUKHU SKOCTI
MOBITPSl yTPUMYIOTBCSI HA BUCOKOMY PiBHI HPOTSTOM YChOTO
pobouoro wyacy; 3He3apaxeHHS 1 OYHMIIEHHS MOBITPS
BUKOHYETHCS B IIPUCYTHOCTI MIEPCOHAIY 1 XBOPOTO.

Kuro4yoBi ciaoBa: 3He3apakeHHs MOBITps, ylIbTpa-
(hinpTparis, ynerpadioneToBe ONMPOMiHEHHS.

BykoBUHCHKHIA Aep:KaBHUIT MeTU4HMIA yHiBepceuTeT, M. UepHiBii
Clin. and experim. pathol.- 2013.- Vol.12, Ne3 (45).-P.39-44.
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