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Anesthesia Machine Use, Protection and Decontamination during

the COVID-19 Pandemic

Suwimon Tangwiwat

Department of Anesthesiology, Faculty of Medicine Siriraj Hospital, Bangkok, Thailand
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Anesthesia providers commonly cross-contaminate
their workspace and subsequently put patients at risk for
a health care-acquired infection. Controlling infection to
prevent the spread of SARS-CoV-2 is the primary public
healthcare intervention used. Anesthesiologists need to
participate in standardized infection control strategy to
contain COVID-19 viral transmission. Breathing system
filters will protect the anesthesia machine from internal
contamination and protect the environment when the
circuit is disconnected. The type of filter selected for an
anesthesia machine used is important for efficacy and
humidity concerns. Performance of filters designed to
protect against bacteria and viruses is measured using
the Bacterial or Viral Filtration Efficiency (BFE and VFE)
is reported for all commerecial filters (>99.99%). APSF/ASA
recommend that a heat and moisture exchange filter
(HMEF) should be placed at the endotracheal tube
connection to the breathing circuit, and a second HMEF
or filter should be placed on the expiratory hose where it
connects to the anesthesia machine. Not only is the
second filter a reasonable backup to protect the machine
from any particles that pass the primary filter, but it
significantly amplifies the effectiveness of the first filter.
The complications associated with HMEF may increase
the resistance to gas flow, ventilation, dead space and
blockage with liquid. The airway mounted filter will need
to be changed between every patient, whereas the
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expiratory limb filter seems like an option to leave in place
between patients 24-48 hours depend on the type of HMEF
or according with the manufacturer’s recommendations.
Keywords: Breathing system filters, HMEF, Bacterial
Filtration Efficiency, Viral Filtration Efficiency, COVID-19
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Auuztnd RN dy ) 194 mmmm@%ﬂmmw
breathing circuit 9Nse Imﬂmﬂiﬂ\mmmmmﬂﬁ
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vitro #A1 bacterial filtration efficiency (BFE) > 99.9%
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HEPA A high-efficiency particulate aerosol device
Vlls\lm ﬁltrat|on efficiency > 99. 97% LLNuﬂi’a\immﬂ
HEPA il zﬁ’mqmmmﬂ]u@”ﬂﬂ\‘ma‘@ me‘llmwmmmumm
Tunyndn 0. 31um@u1m 8 SARS-CoV-2 faunadusiny
ﬂuﬂﬂm\‘im@ﬂﬂﬂmﬂi”mm 0.12 lumsau winiula5a
Tﬂ‘iiuwum@u Faauty ToFaleanda (Rhinovirus)
mm@mg‘w 0.03 lumAsau, HIV 0.1 lumsey, Dengue virus
0.04-0.06 lumAsau, Hepatitis C virus 0.06 luAsaw, Ebola
virus 0.8-1.1 VLNM@LL, Streptococcus pneumoniae
0.5-1.25 VLumfau Mycobacterium tuberculosis 2-4
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1ls2@n5N1NN1NTeTalsANINNGNR AN AL AL
\Aei (VEF>99.99%)°
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wsuazsvaznaduiaan ALl fan1eniguTes
mucosa LAALKNALAZNNTANEURY epithelial cell finnsaa
JaNNE FANNIAAEE LanTll Laznisuanilasufiig
fneng (V/Q mismatch) azam compliance 1avlan
Tudnusnifawenindnly 1 Sdanzgumninia
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0.3 1Nﬂi@uQQQ1Lﬂummmwm@mumm@ﬂmmnwm
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Fdansasi 30 @um@mnmum 10,000 ayN"A {35
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(Figure 1A-C)

1) Pleated hydrophobic 138 mechanical filter L&
m@\‘imﬂ‘imﬂmmwm umwwmuuummmﬂﬁm Wi
Lﬂufﬁumﬂunu (pleated membrane) L‘wu‘wuwm Nﬁ‘L@ﬂ"]
mmmm@myemﬂ@mummﬂﬂummmﬂmﬂ (small
particles) laLfluatineh ndnnisineuandenuaniimly
Wi (hydrophobicity) 35n3esaza8ianE (aerosol)
wmﬁmﬂﬂimmeaummm‘mmmmammumﬂﬂ direct
interception) ﬂumﬂm@ﬂm’m mmiumu‘lﬂmmﬂmiﬂ
(inertial impaction) @umrﬂ‘mL@ﬂmiﬂ@ﬂmum@%m 7
Lﬂ@@uml,mu Brownian motion yinl#duenuAuinana
memmnmmﬂummﬂuLmﬂ,ﬂ (diffusion fitration)
ma‘mmmaimmmuﬂ’mmmqmmmmm@wumum
Banandeuiien mechanical filter

2) Electrostatic fiter RAanduunnsivaasdulesias
ndn muwm‘lumm%mu mechanical Qﬁm@wmmmm
mumummﬂmﬂswiﬂﬁq andemdnnnsesda Wil Tisng
fuazheayniAdimiiu (electret fiter) NIPNAYNIALID

Wamclfaﬁtmmnumnmu’lm eIectrostaUc force
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n799%iA pleated, hydrophobic (mechamcal) A9AN9N
electrostatic’ mmmamumiuiummum@ma‘unu
electrostatic filter @‘]Jm‘m“lumﬁmﬂu m’mﬁ]u (heat and
moisture exchanger HME) LL@vmﬂimmfﬂiiﬂ (breathmg
system filters) W‘ﬂﬂﬂiu%ﬂ\im@’l painiiu electrostatic %38
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Figure 1 Breathing system filters; heat and moisture exchanger filter (HMEF) (A) electrostatic filter HME, small

(DAR™, Medtronic) and gas sampling port (B) pleated, hydrophobic (mechanical) fiter HME and gas sampling
port (DAR™, Medtronic) (C) pleated, hydrophobic (mechanical) filter HME, BB50T (Ultipor™, Pall) for machine side

application only
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Nﬂqwm’lumﬂﬂsﬁﬂ LW@M@WW’I@LﬂJﬂLumumqvw
Nﬂf;ﬂmﬂmfmmwm AR (hum|d|ty) ﬂ'ﬂ‘]ﬁll’]m
bLfamwaﬂ’Luﬂ?mmwmmfﬁ (g.m® viva mg.I )mwmuw
mm%mﬂmﬂwﬂa 1104 33 nfusagnUIATINAS 7
arumni 30 °C [fiatlasfunnsusiaaes mucosa ‘Lum\a
mﬂ‘lﬂmmmﬂw"l,ua‘luwmvvl,mumqm@u mmw
AN epithelium mmzmﬂ%fa@ﬂ%m AnNAYLL LT
arumnadumela inldiAnnsuanilasuaanuieu
mm%ummmqLaumﬂ%?vmwmaﬁmﬂ%Lﬁqmvmn
mﬂummm@u mqmummm\mqmmaummvmw
m'ﬂumﬁmummm‘vauLmvmmmmmmﬂumLmu
wiela navnglagurieniela FaaanniaRutaies
5 W9 H mucociliary wgaineu fraaauiuis 1
%Imﬁmmimmﬁmm epithelium SN AN RIR
faﬂnimmlumwm@u ﬂfnmul,mw,mumﬂ%miu
mqmumﬂmq 30 g.m” mmmu 30 °C gunsalld
Ao Ao NTULLILTY 2 T80

1) €A passive lsun heat and moisture
exchangers (HMEs) Las n9asgzuuvng LAy circle
(circle breathing systems) ‘17;1‘3' soda lime

2) in active AansidiATastlofuANTLAZTaNNT
IﬂWWWLﬁNVL@‘L’i’l Wil nebulizer, cold water humidifier,
heated humidifiers/hot water humidifier (NHs)
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qunal HMEs enasauifufansesidelsn Avsaniden
91 HME filter (HMEF) (Figure 2) @ﬂnmi HME a1aifly
110 hygroscopic ﬂivﬂ@ummmwmmmmmu
ﬂﬁ‘q,mq‘tm&'ﬂLé’ﬁ/uslf;mLﬂ@ﬂ‘i_lﬂQﬂ@ﬁ?LﬂﬂJﬂlﬁﬂQ’]ﬂJ‘ﬁNﬂu A4
@m@uumﬂu@ﬂﬂﬁwm Nefuargnadtd Uiy
(electrostatic) W1argnaadulutsmialasanwazgn
Uaaeludrangladn 491 HME a3a hydrophobic 11971
A&eIfU mechanical fiter Apdluramuswivlalsiin
i laiftgunsnl HME lureamannanssan & iuin
wsniAatuiindatienndn 3 Alansu®

Figure 2 Heat and moisture exchanger filter: mechanical
HMEF (Ultipor™ BB25, Pall) with gas sampling port, for
patient side use only (a) transparent case: to detect
condensation or water lock (b) pleated exchange sheet
(c) 15/22 mm Luer connector, breathing system side
(d)15/22 mm Luer connector, patient side (e) capnography
port with captive cap
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gUn3al HMEF Hualinusssinumiuaesnismngla
LAY dead space AaINALNUALENIsdIangla Tag
RN LLANLAN

. g o )

Soda lime Nlflurgasszuunialawuy circle
tlsznaudag calcium hydroxide (80%) wae sodium
hydroxide (2 O%) Lﬂummm‘u carbon dioxide Anay
melaaan wsﬂummmmqm@u mmmu MARANNEL
Fadldnandunan 1 falueAnnuauiiiatszano 20
g.m”® aquld flow < 2 LPM

Nebulizers Lilun1siAnazaedtlasaa9ii NNl
aynatpandduriuguinans 19 Tuaseu dnaviade
WuruAuanaawn 1-2 luasau fiesnisgilnsniGan
Afadutig NlEuannis Venturi fia reservoir U84

_ - i X 9

nebulizer a1ananTsUuilawaalsalé

\Hafifihafinndaviassdadnfinida SARS-Cov-2
ﬂ’]%“ﬂ'ﬁ’ﬂﬂﬁiﬂmﬁ@umﬂa breathing circuit Wag
Lﬂ?mmuﬂlﬂ@u&]qsﬁﬁﬁ’aﬁw

1. AR pleated hydrophobic (mechanical)
breathing system fiter 52114919 Y connector wazviamela
22959t Lazatingtiand expiratory limb 284 breathing
circuit (14 HMEF 2 §a VFE > 99.99%) TanaiAnnis
ﬂuﬂ@umﬂ’lum‘émmummuﬁfimmn

2. mhmemummumww%mm‘a COVID-19
Wimanuiu memwmmmiﬂmﬂ@umﬂwmmmu
enaat WinN9131 AR AL TR (i
Drager WAy Mindray LLuxﬂﬂﬁmm‘l,%’l,ﬂ?"auﬂuwm

21-28 Jureuun s (ldindnguniainenmans

el u?@ﬁ’m’wﬂmﬁmﬂﬁmﬂ?mmummu ANNAN
LLuwuwmmwmmm LazLNNN3FA mechanical fiter
‘wmu |nsp|ratory ||mb paudnun 1l 2-4 dland

3. mﬂﬂmmﬂmnwﬂqmmu breathing circuit,
reservowbag patient mask, gas sampling tubing, filters
mmmmumﬂwum expiratory limb

4. Lﬂ@ﬂumﬂ sample gas WLAaT water trap °]Jml,m"m
capnography uaaldrivgiloa COVID-19 mmﬁ‘lﬁ@maﬂu
Lﬂ@um@u@amh breathmg system filter mmlLLu.,,m

5. H1ANEZEANUTRINEUENT0ILAIRIA
AL LL@me@qmLﬁﬁmmmm'}mwmm intermediate-
level disinfectant #aaldriugilae COVID-19

nsasangiluitiau (decontamination) tA3asdiavaa
ﬂﬂnimwmu’mﬂ“ﬂuu (reuse of single-use dewces)13 "

Breathing system umﬂu@ﬂmmwhm‘a LAEIILADN
(single use) waluaniunisal COVID-19 a1alnns
MaLAsuFsesiiegLnenl a1avaNgzans disinfection
wazinun v 18wn reservoir bag, plastic corrugate
tube, extension ﬁﬁi'ﬂﬁu inspiratory WA expiratory port
ﬂﬂﬂLﬂ'ﬂ?I@\mummuadaptor, Y-piece, elbow connector
WAL gas sampling port waiFeald breathing system filter
faufineana HME fiter 18m mechanical Jilss@nnw
‘rﬁm’g electrostatic N1TM1AINEZR1A (cleaning)
fogtneinAINazann (detergent) iradnsiaulasd
(enzymatic agent) NNTTNTTAN (rinsing) Lﬂuz?l\‘ia?’]ﬁr:y
mmﬁfmmﬂﬁﬂﬁﬁﬂﬂdﬁ high-level disinfection (Table 1),
circle system leddlsildnnstln snugilogls

Table 1 m@LLuo,mmmumimmmmmm (cleaning)
ﬂ’]i“’JJ’]LT@ (disinfection) LL@vﬂ’Wﬁ‘Vﬁﬂﬁ"]ﬂ'ﬂ’mL‘ﬁ’ﬂ
(sterilization) breathing circuit kazgUnsninIg
Mrycunasannldiudiloaynae

1. Noncritical items: equipments that are in contact
with unbroken skin on body include stethoscopes,
blood pressure cuffs, monitors, external surface of
anesthetic machine,gas flow control, vaporizer dials,
adjustable pressure limiting (APL) valve. These
equipments require intermediate-level disinfection.

2. Semicritical items: devices that contact mucous
membranes or nonintact skin include breathing
circuit, reservoir bag, plastic corrugate tube,
extension of inspiratory and expiratory port of
anesthetic machine, adaptor, Y connector, elbow
connector, gas sampling port, laryngoscope blades,
laryngeal mask airway. These devices require at
least cleaning followed by high-level disinfection or
sterilization.

3.The internal components cleaning procedures of
anesthetic machine are not recommended as long
as high quality filters are used with each patient™.
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nsTANNATenaLseIANEnaal lunsdithuiiey
dalsAutu SARS-CoV-2 ﬂwﬁum’?mmummug’u‘lm
A1N90LLENAQU breathing circuit, ventilator bellow Wag
carbon dioxide absorber canister tia1in11%n19
ﬂiﬁﬂ@’ml,%ﬂ (sterilization) Aa& steam autoclaved
(135°C W1 8 W17) d9uae9 flow sensor, oxygen cell
WAL scavengmg system ”Lummm autoclaved A2991N
mmlumummmwwmmm meﬁummﬂﬂumqmm@”
i"]‘ElLL@“"&u@mu AuN LN LA RIANENAAL R0
m‘lmumﬂu gas flow control, vaporlzerdlals adJustabIe
pressure limiting (APL) valve, LATRIHD @ﬂm‘mmim
Wrszdadtyoynudn aasladuniadaninmnuazennsag
intermediate-level disinfectant'® AINIANINALRNA
ﬂi:ﬁﬁyl,l,@:ﬁﬂuﬁﬁummiﬂiﬂ vdeuiiileiuinfe
nstutlan nisldgeieuaznisvinpnuazeiaile 1y
ngﬁﬂﬁm

An3ginide high-level disinfection ﬁfmﬁﬁmmﬁﬁ
5 mumaummiﬂu 1) N3daANEzenaLAseaile
'aﬂm‘mmﬂmNmmmmmm’mmmm 38 enzymatic

cleaner &aansutlsy wardntngneneluvia 2) N
@ﬂuﬁ’lmmﬁ disinfectant \Mu glutaraldehyde,
hydrogen peroxide, ortho-phthalaldehyded chlorine
compound L sodium hypochlorite ‘1(1?‘@ payraoetic acid
9371 hydrogen peroxide 3) N7a7191NLaN18LAREeN
4) M3 1w a192AR2870% ethyl alcohol WAZBINA
el 5) naswquiunsenld n13vinAINdzena
yananldingiafAematiag1deisliaines
(pasteunzatlon) L'ﬂmﬁ high-level disinfection ABNTLT
mem‘lumiﬂuwammu 77°C et 30 W7 waau
1w mnuwmu“l@mwmmnwmﬂfﬁ
miﬂmﬂumimmm SARS-CoV-2 sendngilagiiay
nsuifeuidareastesnuenaay CDC Iuﬂﬁiﬂ{]umiu
mmﬂavmqu”mmmumimmﬁvmmmm COVID-19
Wizt ARG breathing system fiter 2 FaRAn M
1Jangl corrugate U84 expiratory limb 284 breathing
circuit WAZAN 1 FTiFuMsane Y connector 319N
viavnelaresgilaenay breathing circuit” (Figure 3)

Figure 3 A breathing circuit with reservoir bag and heat and moisture filters (HMEF) on the airway and expiratory

limb of the circuit. One filter is placed between patient’s airway and Y connector, another filter is placed between

the end of expiratory limb of the circuit and anesthetic machine.

m’azLmsnsﬁ’aumnmﬂ%’ﬁ’qnemL%yfﬁm uaz HME'™®

1) qummm’]ummjﬂ\m’]?mﬂ% reS|stance to
gas flow) @ﬂm@mm 0.7-3.8 cm.H O/L/seo L‘Wllmu*’ﬂm
n13mela mimﬂuﬁmmm@ controlled ventilation figg
sx349lun3el spontaneous ventilation Tagannzludnian
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