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A A 9wk A 84 X (extracorporeal membrane oxygenation, ECMO) &S
AgHre o Al B dFRde 54 9% 8dS et @k 3

s B w4 FAEs AT 2AE AAE] A8 FaE A

2} st e, Aol 5w A A A A Al (Korean National Healthcare-associated
Infections Surveillance System, KONIS) 2020 #7494 A 7
oh 2Fm9] A2 SPSS statisticsE o83t /R A HAY 7 20

g 2 H9EAS ARstd

AN
ftlo
d
O
3

A F 578 e R EA% Ay 26W(4.7%)2] Al Al ECMO-BSI
7b dAside vpiE mA2E IR Ad, 4 dE(Odds  ratio
[OR]=2.853, 95% Confidence interval [CI]=1.025-7.940, p= .045), A2 XA E
oFslA] k2 7 -$-(OR=6.266, 95% CI=1.411-27.825, p= .016), dxjo] =#] F=
2 (OR=4.852, 95% CI=1.843-12.775, p= .001), ECMO #& €2l ¥+ &% H*#
T3 Aol BE FutdE 4 $(0R=4.996, 95% CI=1.222-20.426, p= .025),
Betafoam® (3% povidone-iodine)& ©]43 ECMO 7}HE =4 (OR=4.348,
95% CI=1.775-10.652, p= .001)c] ECMO-BSI Aol =gzl 93 glo=z
etk 289 mAEES a9 o] 91, 2 S el 124, o]l 91
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ECMO ## A= AlAolel Aol FobollA] AFA o= Fagled, o=
2ol A& AndetF oA 19759
o] ECMO #A&e°] xF Xzm=Z Ag 7] wfiEolth(Bartlett et al., 1986;
Meyer et al, 1995; Weber et al, 1986). o]oll Ao}l Ao} xlo] A ECMO
A8 A7 S7hgel wEl ECMO #d dRgde] #s Ad4Ex A=At
(Ahsman et al., 2010; Meyer et al, 1995; Steiner et al., 2001). ©]%& A<l 3z}
o AIZ ECMO A& Atell7F ol UHA] Burket 5(1999)2 19854 29 19¢ 7]
= University of Michigan Hospital W A A<l ECMO A& AdHE 19954
102 1047bA1 9] A E Eob v 174 o] Al A Ax= ECMO A& %
A uadzdddd e 534 A5 FH6

19891 ol &= Extracorporeal Life Support Organization (ELSO)o] H-m|o| A 3]
+ A"Ho] ECMO¢ #d % tfFst AxS AAstr wsS Algsty A5 A
& e 5 dANA 24z FgE ECMO 55 A MA A5 A A

ARHUY. o5 BY nA} AR £ 5L 53 ECMOE 4§ F9 2o}



2 A A AN A s @A A HIAE wotsta ns| A A
3] AAst= RaAE 24 vk 2 thH(Hines et al., 2012).

A BAAE7HY B g vdely JhiAl2dlo] Agate 2wl ¢fst
A 10417 27 2 1Y o] ECMOE A &8 =u 34 5= 2014 7787 ol A]
vd EE] Frske] 2021dd = F 24794 o2 FJAEAY. o] A3 ECMO A
& A F7F sE AwstH F7kstHA WA= ECMO A8 #4459
dRa9d #Ag oy A5l o] FoHTHKIm et al, 2016; Kim et al,
2017; Kim et al, 2021; Na et al, 2018; Yun et al, 2021). Kim 5 (2017)¥ Na

N

5 (2018)2 venoarterial (VA)-ECMO, =2 venovenous (VV)-ECMO

e
o
% ogAe Agwow ARPAe] AT BAPY 54L BASE ATE 5

ottt Kang 5(2015)2 d4A] oA F ¢ &4 1589 ECMO 48 ¥ 24
< 2I% S Tl el delstar W Ask EirE obd 339 9] ECMO

% ol ECMO A58 we 34 F A% 4739 348 dgste] A77Y
o WA w3} FRPAol WA B P wlaste] ECMO A& oAkl

==

o] F-=g AAelth Kim 5(2016)° 79k #Ze] ECMO #¢ #H3
d 99 298 BAF AFe A FrF 4782 He Hola, oA 3

48 &4 & agsdle W, 9§ B2 o

1o
e5!
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ot
_>|~l_,

O

o gatez o ALs}
Checaa 5(2018)2 =¥l Ao} IAES Ulde= ECMO A& F A
dF0d, 2709 Tol # AIE FHotHx

]
peripheral FE 2] ECMO 3t 7Y HAE ZolE EAst TA4 Fost Ao

7boglEs 2R vk dn 2016 o]F IuldlA = A4Sl #AE udow
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%+ (primary bloodstream infection)S
o5 WA A A A (KONIS) manual 20200 wE A 7] 5o w)

1 (Bloodstream infection, BSI)
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2) A 2] 94k 34 %] (Extracorporeal membrane oxygenation, ECMO)

3. golo] Ao

1

el

H 2= &3k, AT

il

o

-

ste] ECMO=

5

1 (ECMO-BSI)

=

(central) "

H

=]
1o
A

=]
7

Al
a5

o =
ds5 %3

}

R4

<

2% (peripheral) W23} &

(venoarterial, VA) ¢} A=A = (venovenous, VV)

3) ECMO A& & %

A

1

ol

0

)

ol

ECMO A7

ol
=

o]
=1

skitt. ECMO

S

327 144 o]

}

o
pal

<

S R A

S

OX1

T

o] ECMOZ

°

3}



ECMO+= AHel fAgds 712 A== 750l o3t

Aol Al A Lstel 1 V)es HEsa AWEE fASEER Fv A oth

“

| =2 A A Y

Extracorporeal Life Support (ECLS)Zt = tt & #wa2% Egv, 4 yx 247
T F e fA58A HEHELSO, 2021). Extracorporeal Life Support
Organization (ELSO)2 1¥3 57 o2 AHAE HExd F v 7sd BE
A85E Aol Zekal o] A et

g e A=7F ECMOY S 719 &dlolAlel ZA7fstal Slth. ELSO general
guideline 2017¢] wW=ZW ECMO A& EE o

ECMO #-&°] A4l w715 FelaA A A & vvt 27] oA

3]
F&Eol = ECMOE sdetes ¢atsta JTHELSO, 2017).

ECMO+= 99 +33 #7FE5 v+ 94 ¥ E(centrifugal pump), 7F2=ul g
o] o]Fo]x| = Ak3}7](oxygenator)?} sweep gas, @HNS HFst &I AT]=
3| & (circuit) & A H dom, daol wel ECMO 3z &% x4 7[AE
AAe Ao Ao] At A G 24T 4 JTHELSO, 2017).

ECMO= 3% 75 WAl wep =24 AW -F(veno-arterial, VA) ¥ e}
-4 (veno-venous, VV) FEHZ EF3h VV-ECMOE AHS Agst=

o|2tstet s AAE FAlO AT 4 A (Brodie et al., 2011; ELSO, 2017). g+

st 4= QJTHELSO, 2017; Rao et al, 2018). Ventetuolo2} Murastore (2014)%=



VA, VV @H¢ ECMO 543 §H & vlastel gestala, 2 45 449
Aats A E A BREx 2 3F BE ¥ oy #HEsY et &
3] 2009-20101 H; N; influenza W3 A17], @2 27} VV-ECMO A5 &
%3l H; N; influenzaZ5F¥ AE399 tH(Ventetuolo & Murastore, 2014).
ECMOE #48§ +¢ dA=oAes dH¥s 24S SolAY e A, Best
71 918 719 27 =3 e 3 4MA =S FUME AYerIE gtk ol &

ol AHY wele o F7AA A9SA g @ B $HS Eusty

l
|

HEE 2 AT o dHISTe MAAd 5Hocr T (hybrid) FEf

ECMOE AL3HA =W st Fo] HAE 4 drd. ECMO A8 A @As

T AeE FHIToRE =Y, A4 MU &4 7Y, A &4 HAA Fol U
t}(White & Fan, 2016). Paden 5(2013)2 ECMO ¥4 gHZo tis] 7]A
dH Sy =8 FgHIToZ BRI TiEstda, FAH 2= ECMO 3

A, HE 2k, AFE] Al T3 JHEE AY e 2, e B9 =249, A

A 201691 wEW ECMO A&

we HFS 2A 5 tH(Thiagarajan et al, 2017).

ECMO+= A4 dejol wabd @=x(peripheral) H< 23 F4] % (central)
A BAow vdth VA-ECMO®S 45 TA4WI g, &5 75
A HS B8 AFYskE peripheral ECMOO vlste] &7 o $-4w2 Aad)
o] =3 AS A= central ECMO A& A 9% 7ty dHgu

Zo]EttE A7t 9t (Rao et al, 2018). VA-ECMO®I 4] central
FEje] ECMO A8 wWalo] tEHF d# HS &3 peripheral ECMO] 1] 3
FHA4 Aoz o aHHelgt: Ayt AN, dAHOoF central
VA-ECMOE #&st= Ao s = ofz tlo]grt F=sttk(Banfi et al,
o] & digyg el VA-ECMO A€ tdzas =
AT+E F33}9 =0, peripheral ECMO$} central ECMO2]

=
=S vlwdt A7 central ECMOE A &3 iAo AN 83 &2 A4
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VV-ECMOIA 7]E¢] e -|dd, degdu-thegdde] ofd o &
Z WBZ dnow
GH= VV-ECMO 4§ < =2A5, d o4 d A, 4=Fd ARE ¢
g dEd A e F U dEgeA 18T Udx=E =94Fv(Banfi et al,
2016). = o+ 2022 €A DLB7} A9 Oh (20202 VV-ECMO < gt
el el right ventricular assist device with an oxygenator (Oxy-RVAD) & &
T 7 o2& Wyg et dE FHE YRS Oxy-RVAD= dEH A
WoZ outflow =S AYsta, = #Hs el inflow =& A= ECMO
FHl T stuteltth. VV-ECMO A& t3atse 4ol st o3y
497 21, VA-ECMOY VAV-ECMO % hybrid Je|2 H3st= AR
t Oxy-RVAD®E Hdgstd 7|98 #d ey &8 4 g4 4 A¥, A
7 o7t Ho] 7] AFol e o] 5l Ao g YEFSTHO et al, 2020).

ECMOE #-&stA wH¥ skxte] =8 deofo] 3z Bl 4h3hr] & ofF FH
ALHom HESHA HHA A Ao Evddo] TAagT o] wEo] A
My g sudAs, =€, o Yobrk V7] Fs A9bA 2dEH7IE S
(ELSO, 2014; Kato et al, 2020). ol& HAg a7l &l ECMO 48§ Fol+= 4

Aok g8 @Wo] Z sty ELSO anticoagulation guideline 2014+ 7|& 3 3

s

3} (unfractionated heparin, UFH)S Al &8 QWO g AAsta At} o|u
AHEslE v dlatd Wl H4dAdE AAISH] 98 activated clotting time
(ACT), anti-factor Xa (anti-Xa) activity levels, activated partial
thromboplastin time (APTT), thromboelastography (TEG®),
thromboelastometry (ROTEM) #HAFE o]&3 4 JATHELSO, 2014). -4, 33
4 % d437AZ(heparin-induced thrombocytopenia, HIT)o] A3}t
antithrombin 23 59 o|-F= v g S o] &g & QHE A 837
7b AHAATIE sk, oldd Af uE FEa aws adsE ¢ v
(Burstein et al., 2019). w8 33 ¢ o2& &-§31 QM-S direct thrombin
inhibitors (DTIs), new oral anticoagulants (NOACs), factor-XIla inhibitor,
nitric oxide (NO) S°o] = <7} ®t} Rouge 5(2017)& ECMO A& % HIT7}H
HEAEL skxEo) Al DTIs 5 3Fvel argatrobans 4 -€3F Zd & @33l DTIs
£ °o]&3 ECMO th7=te] a&a awjel s =93st7] %= 353l th



kA ool AdH AEi7l A E o] ECMOE 53 W Z(assist)7} 30% ©] 3}
% ZastA HW ECMO olgs Al%=gtHELSO, 2017). o] 82 VA-ECMOS}
VV-ECMO¢®] W24e] tt2th, VV-ECMO olg<2 F4itaisE(fraction of
inspired oxygen, Fi02)2} sweep gasE T WO 2H IHAsHA Al =3 £ 4 2
t}. VA-ECMO+= ECMO outflow$} inflow 3|25 FAlo 258 AAZ 3o
ECMO @R/ E& W5 1o W& 2o I3 s &Rl & oA o+
g AIFsA, dHrFA 55 Sve us olgs o Y FTHELSO
2017). VA-ECMO o]g #A A= oA AFze9E o83t s o) ol
ELSO general guidelineo| Al A%<l o]& wWeto] A A H o] QA= ol &3}
A<l ECMO olg3 #ddh d50] 3857 531tk Broman 5(2018)2
Houl ) Ve ddeR gAEFFHAeR QY VV-ECMO 4§ #xk9]
ECMO olg®el s 7AH ez =238t} Fried 5(2020)2 VA-ECMO 4
| Ao olgr Wk B Ay e RARE AAEH

ECMO A &5& F=53% °]Fo= ECMO 7HEEE AAs ok k=, o]wel=
g WS Tt 30-60%F % JHHEE A A oF dh 53] 49 =

o AA A= s717F Ao W2 FdEA fes S TF e st
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2. Aokt ad dR39

ECMO-BSIE 37 ofe] A8 %3 A4otst ok @49 A F7447)
L Ros RaHYAT, 49 BAAANE T AT R REF 44
o]}, o]o] Burket 5(1999)2 1985%
$2 wgd 4 BAE RPOoR FPY nIE ATE St ATIA

FOE, A BFAY, Q209 F FRAGY wFol g A e

B 1995Wd7b#] °F 101 Alke] ECMO %

rL
I

S-S 76.9%7F AEE wrd ECMO-BSIZF A3k 58 56.3%7F &3}
T A 3 Adold vFs Ueddoy A4 Fode YERYA] gkt
(Burket et al., 1999). Sun 5(2010) =3+ 1083 7F 3349 ¢] ECMO A& A<l gx#}



LA AFE FysYa, A7 A2y ECMO-BSI®F AFY 7H
olma WAV YEUA gkt 334 ] ECMO A& tiAaa £ A3 4571 9]

Ho

, o T 2 ¥FS AAs= AL Stenotrophomonas
maltophilia®t Pseudomonas aeruginosa= YEFTE o] % oA F=ad A
oA %E ECMO-BSIZF A A9l thd=tel Al 7Hd w2 &= $44 v
AES g8 ool AtHKim et al, 2016; Kim et al, 2020; Yun et al.,
2021).

ECMO-BSIE icol AR OFof dh= o= A AP S7F= ojojd & 37|
o]t} Oliveira 5(2013)¢] AFolA+= ECMOE A &34 &S F3A4 A
A AAREHEY VV-ECMOE A&3 T34 Aol A HWlsA o we
Fadoe] HASHI TP 001, 95% CI). s+d th& HAdA+= ECMO-BSIZH
At F7FE FAA R Fogk AAVE flvtar Bkl =l (Burket et al,
1999; Guillemette et al.,, 2017, Menaker et al., 2019; Sun et al., 2010), o]l tj
3] Menaker 5(2019)2 < sidF A #e] o] FdE L FAAY =
7] o7t AR ®ol o]Fo]xXHA ECMO-BSI9 Algo] dAatAlo]l A 71d
A 4 Aot sttt vlste] ECMO-BSIE A7 F-dol wE A S7hek 3
A7 Aok s AFelAE VV-ECMO A& Al 54 275 &4 e

s A$7F B2okEd, o] VV-ECMO A& d A3 pa7 2% day-=

il (

A sl =EHo] B Ao B olF HA AlEAe] st ECMO
A8 7|Zkol  HojAWA  ECMO-BSI Aol F713 o= F
VA-ECMO+= ECMO =3¢ A4 § @At (P &4o= Qs Ald JAago]
skl Abgo]l F7hskttar H btk (Menaker et al., 2019).

The ELSO Infectious Disease Task Force (2012)= ECMO-BSIE ##]3}aL
AP ES 7] el AAR AL Abgo]l Hadts AxFY. 535 Ags
&9 FAAE FoAst7] 9 ECMO 4tstr] 2 ECMO 3|25 i1es #x8&

42 Azl 44 FAA §3< AYSE 5 FEY #A AT} FF A%

Olr

Hojol g5 A5 tH(Hines et al., 2012).



3. Aelubabasda B Aaged B 9F 29

Bizzarro 5(2011)> 1998 dF-H 2008 7}#] ELSO°| 4&&H EE E

Be AldlE Fgdor £ha3ih dPs ECMO 44 % 24g o mpag

e
=
o
ri‘

d¥ #EE AEE BAsded, 1000 ECMOY 3 15479 79 2Ad =S
HAFRT AR, Lol AAotE 7+zF vlustglS wf 1,000 ECMOY 3 30.6,
208, 10.171 9] HALEE R 2o} oA 7 v A ES e AT

Hsu 5(2009)2 2001 € 20079 7bA] tiwke] &k F3hw oA 72A13F o]

ECMOZ #§% #4459 o775 o 243 A3, A 47, AF

Kutlesa 5(2017)2 #43FILdSTFTo= VV-ECMO A&& w2 A<l
A g RE Fad dFA AFE T 2
sk, red blood cell 1,000 mL ©o]Ae] 8o FQs3
ECMO-BSI7} &7teh o= Hasksith

ELSO°l =% 7|#olA Az 43 &5 ez ECMO 4§ < ¥
A A gy #E3 5% dAF% gl Cavayas 5(2018)2 ol A
ECMO A€ A<l tidx dale] 10.8% (2,129%)oll A 3t Heoly it 7+
o] A3 Ao 7 eyttt Aspergillus species’t 1.4% (272%)3 1 o5& 1
7)ol 35 Hx 9 JAEFF A gAY #AHo] vt Candida species=

olet HHA RIS 12% (245%)E Yetys=d, & ddFoly AA &

e o=

ule

W3t AABATE DA Aspergillus species$t Candida species B S8 A&
Menaker 5(2019)¢] Aol = ECMO =35 Addstes Al 5 oA%4 3

H
A gAAE w2 AREEHA sttt ECMO =3 A% % ECMO A& 5 <%
A FAA Folok dEsi s Wetd AFoly ZrEZ] e dAelal I A}

£o Bl = o Aol EEEHThomas et al, 2017). ELSO Infectious Disease
Task Force?] Hines 5(2012)2 o2 Ao Apgo] <3| thA|WA T2

_‘IO_
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@ e b 2 HES AASE de ERadeldnt £ G A
g AEHHIGE BOMO 2§ 3 SAs: 49 A9 254 29 gow

ek

GFAA Folel AT F3FA
< o, @5 awe qud FAAE Folg I
Staphylococcus aureus (MRSA) 2 I3 &4 Alvtol drgo] e A ES
HEeto] oA FAAE g o w o] Igsid=d, ojwd s
A FAAE FoA o AN FAAE FolstA] F& o] ECMO #-

2]
e LA = FAAHSRE Fo3 AolE HolA| vt &, Wdayel FAA
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THAHoR AHHEGS w, VA-ECMO® ¥ste] VV-ECMO7} @F 7ol
ArAel s AATA HAo] =2 Ho|Arh(Fisser et al, 2018, Na et al.,
2018). Thiagarajan 5(2017)°] ¢J&tH VA Hl&] VV WAS #HEws sixs
o] ©f FAIZt ECMOE A8t Ado] =, ol & oE
3k ompel o]l o]l ATt £ dE 9¥ 247 ©uBizzaro et al, 2011;
Burket et al., 1999; Hsu et al, 2010; Kutlesa et al., 2017; Schmidt et al.,
2012). mebA 7he @k @ ol & Ald Wl ECMO olgs Al=ste] 7h54
Hs HA3 e e wgo] Fastth(Fisser et al, 2018). T3 ECMO =% 49
Fo15 vjd #A&Esta, AfHesr Wl =219 C-9-& @ procalcitonin 7

=

A BoE Fde AFE 270 astel A4 4ol d4d ATE FHHo

AslA A

&

A 7]

£y

it
e,
ol

QUL BY 11

7]

2 g4A Folg Adsol T A
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of

ok
lo

2 BeltH(Fisser et al., 2018)
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(2) Sequential Organ Failure Assessment (SOFA) A4 5 A4
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< WA= ECMO T2 L7HA] 19 oz dA5d 2dS Z3sto] Foita )
—L

H EE JAAE GRASAT. g AEdA FAE dAA= AT, IH5TAF E
Ao 2WE B3 AA ARt et Ao <bek, o] & <H(otic solution) 5
o] ZI4& A= ALstAtrr. A A= penicillinAl, cephalosporinZl,

monobactam”|, carbapenem”|, glycopeptideZ], polymyxinZl, quinoloneZ|,
aminoglycoside], trimethoprim/sulfamethoxazole, metronidazole, antifungal

agent, antiviral agent, 7|E}(extra agent)® EF3to] A5 Z +=H3st).

(1) ECMO & %W2(ECMO mode)
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g o] BT Fwtd 79 (Respiratory and Circulatory)
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2}. A1 A %] (Extracorporeal Cardio-Pulmonary-Cerebral Resuscitation, ECPR)

(5) ECMO 44 %2~ (ECMO spot)

ECMOZ A& Al#d wf ECMO =#S 4918 AAE 7507 3dth &
FA, T3, FEF HJARY, HEow PRI HAAY S Addzxy
A A7 Y s AARY 59 FAES £33 ECMO A=
o] Aoy} F7F = 49, ECMO Z=3¢] wA 55 ¢4l

oY TgHA et

(6) ECMO Ag3ts A} &5 o F(ECMO clinical nurse specialist)
2020 1¥ 1¢9%H A2 4" AFQ ECMO AHUSAE &55 A%
SEATE 20200 1955 2021 12€7+A] ECMO &85 Al#etal A 5E& T 53

WAAES BT AuzEAl $8e 77k ERa, 20189 195E 2019

9 1297HA = AR SAE SEekA] g2 7o ® EFskAth

(7) ECMO A9 #9719 WeE® =94 48 o] % (Betafoam® dressing)
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A
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(9) ECMO =39 F7F 49 o] % (Additional ECMO catheter insertion)
7% =S fX3% AME V-AV, VV-A Eg o 7o 5 wA WA =

+ venting drainage catheter 4%, ECMO 4ts}7] A, VA-ECMOO| A distal

perfusion catheter &% & MZ2F =S AAFAY wASt & N2 =HS
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(10) ECMO$} CRRTY A A8 o F-(ECMO with CRRT)
ECMOE A€ %< 3Fx7} continuous renal replacement therapy (CRRT)
A52E g7 wS v, ECMO® CRRTE A #H&3 oz v CRRTE

& TS AFESEe] A

hemodialysis cathetert} permanent catheter2} &2 24
25 AgeA Hed, FAE =8 B ofF9k d#glel ECMOE 48 o
W ECMO 3]&¢] dZAste] FA45 xdd = vk o] dAT-eA+= ECMO%
CRRTE Aol A&3 of5-nk gelstal A A& 5 AF 5 7|k A4 st
Al gkt ECMO$ CRRTE Aol 483 ddas vs3 2ol A&#F3t3d

.

7F. ECMO 3]£¢] CRRTE <14

EAg =¢o] drgtE ECMO 3]Z¢| CRRTS A23% 495 st
. ECMO 327} obd F48 =3 CRRTE 94

ATl M= ECMO 483 CRRT®] A& Aol Al2tE = ARl A <]
CRRT 172 91AE glstaitt. ECMO A& T F48& =3olA CRRTE A%
stal =Fo] ECMO 3 == WAdte] CRRTE 4§37y, w2 ECMO 3

Zo]A CRRTE A #stx F48 =802 CRRTE &4 &3 AL 1183d#
EAle=

A g WY A Al 2] 99 3] (institutional review board, IRB) %¢<!
H

(FHAME: 2022-0195) & S F 37HE Wi A 5E FHEA A gAY
Were A7 39 SRl Het oty ECMO AR EARTE Adisivh
AR e 20224 3PRE 20234 2944 AT U ML AR E 2

BE @AAN ECMO 44 77 2 @R
9917k obd @YY JEoR 7S ANSATh ECMO 4§ & dFdel ¥

AR AR A 4] e T AV, ARER @AAE dhetstal Al
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A i WdelA ECMO A& 45 2018'd 22471, 20199 2127, 2020
21871, 2021d 2507 o & F 9047dellom, o F @Y J|E 29& Z3ato]
ECMOE #-&38tdA 194 o]l 44+ 6
A ECMOE A& w9l JH= a7 Bedez Ay, Ass AEs)
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(Table 1).

AT o 557 F A Fde] AT A= F 26W R e
AT ¥ ECMO A& did=te] dRzd HAES 47%= A5 2Ao ECMO
1,000d 2 @779 2 EE AT 7 F 3.99% 2 AFEEHACh Az A
AR FF4E 94 267 F 20189 77(4.9%), 20199 671(4.32%), 20201 27
(1.63%), 2021 1171(7.24%)°] AtH(Table 2). ECMO-BSI¢] € WA Fo|s}
A E WXEE Figure 1, Figure 29 2tk 7Hg w2 /0 $AES 20209

o], 20213 0] 714 =& = el
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Table 1. Characteristics of Patients with ECMO-BSI

Total (N=26)

Variables
n (%) or M+SD

Age 58.5+14.83
Organ transplant

Yes 8(30.8)

No 18(69.2)
Microorganisms

Gram positive pathogens 6(23.1)

Gram negative pathogens 9(34.6)

Fungi 7(26.9)

Mixed 4(15.4)
ECMO modes

VA 22(84.6)

VvV 4(15.4)
ECMO days 13.92£15.57
Additional ECMO catheter insertion 14(53.8)
30-day survival after ECMO termination 10(38.5)
Type of ICU

Medical 8(30.7)

Surgical 6(23.1)

Neurology 1(3.8)

Cardiology 11(42.4)
M=median; SD=standard deviation; BSI=bloodstream infection;
VA=veno—arterial; VV=veno-venous; ECMO-=extracorporeal membrane

oxygenation, ICU=intensive care unit.
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Table 2. Incidence of ECMO-BSI

) Number of Incidence Incidence density™

Periods ) BSI

Patient (%) (%o)

Total 557 26 470 3.99

2018 143 7 4.90 4.11

2019 139 6 4.32 3.73

2020 123 2 1.63 1.27

2021 152 11 7.24 6.74

BSI=bloodstream infection;, ECMO=extracorporeal membrane oxygenation.
*No. of cases per 1,000 ECMO-days.
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Figure 2. Incidence and isolated microorganisms in ECMO-BSI.
ECMO-=extracorporeal membrane oxygenation, BSI=bloodstream infection.
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A O FAdT 9711(30.0%), ¥ S 1271(40.0%), 1t 971(30.0%)
o2 F 30HolAb o] FolA FEH HEL 47102 13.3% AT

a% AT T Staphylococcus aureus®t  Staphyloccocus epidermidise
methicillin #F74 592, Enterococcus feciums- vancomycin WA
7} 471, vancomycin A w7 2712 YENY. Enterococcus feacalist
5% vancomycin 45 AT

% S A9 F Klebsiella pneumoniaer= % 47 7}2 4] Extended spectrum
B-lactamases (ESBL) v 17, carbapenemase producing s+ 27 0]t}
Carbapenemase +3d 382 X% Klebsiella pneumoniae carbapenemase (KPC)=
e T} Pseudomonas  aeruginosaw carbapenem OF A o] 9o &=
fluoroquinolone, aminoglycoside Zl'& SxtAld] 2% WS Rol= multi-drug
resistant %2  YENT.  Acinetobacter Iwoflii, Klebsiella aerogenes,
Enterobacter cloacae, Escherichia coli, Odoribacter splanchnicus= ESBL A4
o]} carbapenem WA, carbapenemase XA 59 oAl WAl o)y thA WA o] of
Y 3loh

AT 94 F 8dol Candida spp. 7ol al, 1AL Cryptococcus
neoformans$3.th. #2¥ e E5F fluconazole A7 ).

T8 9L 301 T 47102 Yetwk=d, 47 Candida albicans®t Candida
glabrata, Enterococcus fecalis®t Escherichia coli, Enterococcus fecium

(VRE)¥ Escherichia coli, Staphylococcus aureus®} Klebsiella pneumoniae®] )
=
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Table 3. Microorganisms Isolated from Patients with ECMO-BSI

Total (N=30)

Microorganisms
n (%)
Gram positive pathogens 9(30.0)
Staphylococcus aureus 1(3.3)*
Staphylococcus epidermidis 1(3.3)
Enterococcus fecium 6(20.3)"
Enterococcus feacalis 1(3.3)
Gram negative pathogens 12(40.0)
Acinetobacter Iwofiii 1(3.3)
Klebsiella pneumoniae 4(13.3)*
Klebsiella aerogenes 1(3.3)
Enterobacter cloacae 2(6.7)
Escherichia coli 2(6.7)
Odoribacter splanchnicus 1(3.3)
Pseudomonas aeruginosa 1(33)8
Fungi 9(30.0)
Candida albicans 4(13.3)
Candida glabrata 2(6.7)
Candida lusitaniae 1(3.3)
Candida parapsilosis 1(3.3)
Cryptococcus neoformans 1(3.3)

* Methicillin-susceptible Staphylococcus aureus.

¥ Vancomycin-resistant Enterococcus 4 cases.

¥ Extended spectrum [-lactamases producing pathogen 1 case, and

carbapenemase producing pathogen 2 cases.

§ Multidrug-resistant Pseudomonas aeruginosa.
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Table 4. Comparison of Characteristics between Patients with BSI and
without BSI under ECMO Support

Variables associated with General

Characteristics
Total BSI non-BSI L )
(N=557) (n=26) (n=531) Univariate analysis
Variables
n (%) or
n (%) or M+SD OR 95% CI D
M+SD
Sex
Male 370(66.4) 16(61.5) 354(66.7) -
Female 187(33.6) 10(38.5) 177(33.3)  1.250 0.556-2.811 589
Age (yr) 60.6£13.69 58.5+14.83 60.70+13.64 0989 0.962-1.016 424
<51 120(21.5) 5(19.2) 115(21.7) -
51-65 225(40.4) 13(50.0) 212(39.9) 1.410 0.491-4.055 523
>65 212(38.1) 8(30.8) 204(38.4) 0902 0.288-2.822 .859
BMI 23.40£4.30 22.92+4.00 2343431 0972 0.883-1.069 .555
<19 67(12.0) 1(3.8) 66(12.4) -
19-23 259(46.5) 18(69.2) 241(45.4) 4929 0.646-37.608 .124
23-30 193(34.6) 5(19.2) 183(35.4)  1.755 0.201-15.301 .611
>30 38(6.8) 2(7.7) 36(6.8) 3.667 0.321-41.840 .296
Applied year
2018 143(25.7) 7(26.9) 136(25.6) -
2019 139(25.0) 6(23.1) 133(25.0)  0.876 0.287-2.676 .817
2020 123(22.1) 2(7.7) 121(22.8)  0.321 0.065-1.575 .162
2021 152(27.3) 11(42.3) 141(26.6) 1516 0571-4.024 404
2018~2020 405(72.7) 15(57.7) 390(73.4) -
2021 152(27.3) 11(42.3) 141(26.6)  2.028 0.910-4.521 .084
Sndenving and 518(93.0) 22(4.2) 496(95.8)
DM
No 392(70.4) 19(73.1) 373(70.2) -
Yes 165(29.6) 7(26.9) 158(29.8)  0.870 0.358-2.110 .758
ESRD
No 513(92.1) 23(88.5) 490(92.3) -
Yes 44(7.9) 3(11.5) 41(7.7) 1559 0.449-5412 434
Malignancy
No 445(79.9) 23(88.5) 422(79.5) -
Yes 112(20.1) 3(11.5) 109(20.5) 0505 0.149-1.713 273
Autoimmune disease
No 527(94.6) 24(92.3) 503(94.7) -
Yes 30(5.4) 2(7.7) 28(5.3) 1.497 0.337-6.655 .596
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Table 4. Continued

Total BSI non-BSI o ]
Univariate analysis
) (N=557) (n=26) (n=531)
Variables
n (%) or
n (%) or M+SD OR 95% CI D
M=+SD
Chronic lung disease
No 447(80.3) 21(80.8) 426(80.2) -
Yes 110(19.7) 5(19.2) 105(19.8) 0966 0.356-2.622 .946
Cardiovascular disease
No 220(39.5) 12(46.2) 208(39.2) -
Yes 337(60.5) 14(53.8) 323(60.8) 0.751 0.341-1.656 .478
Liver cirrhosis
No 499(89.6) 21(80.8) 478(90.0) -
Yes 58(10.4) 5(19.2) 53(10.0)  2.147 0.778-5.930 .140
M=median; SD, standard deviation; OR=odds ratio; Cl=confidence interval,

BSI=bloodstream infection, ECMO=extracorporeal membrane oxygenation, BMI=body
mass index; DM=diabetes mellitus; ESRD=end-stage renal disease.
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Table 5. Comparison of Characteristics between Patients with BSI and
without BSI under ECMO Support

Variables associated with Clinical

Characteristics
Total BSI non-BSI o .
Univariate analysis
) (N=557) (n=26) (n=531)
Variables
n (%) or
n (%) or M*SD OR 95% CI D
M+£SD
posnital days 136443510 11.12+890  1376+3590 0997 0982-1013 710
Transfusion
No 4(0.7) 0(0.0) 4(0.8) Not estimated
Yes 553(99.3) 26(100.0) 527(99.2)
RBC
No 4(0.7) 1(0.8) 3(0.6) -
Yes 549(99.3) 25(96.2) 524(99.4)  0.334 0.040-2.820 .314
Amount 16.72£16.94 15.48+16.00 16.78+17.10
PC
No 90(16.3) 4(15.4) 86(16.3) -
Yes 463(83.7) 22(84.6) 441(83.7) 1122 0.378-3.336 .835
Amount 43.09+55.30 38.91+32.32 43.30+£56.21
FFP
No 168(30.4) 6(23.1) 162(30.7) -
Yes 385(69.6) 20(76.9) 365(69.3) 1516 0.598-3.845 .381
Amount 14.89+19.32 15.45+13.74 14.86+19.60
CVC total count 1.76+0.97 2.12+1.37 1.74+£095 1373 0.989-1.906 .058
Central catheter
No 36(6.5) 3(11.5) 33(6.2) -
Yes 521(93.5) 23(88.5) 498(93.8) 0508 0.145-1.780 .290
Hemodialysis catheter
No 454(81.5) 21(80.8) 433(81.5) -
Yes 103(18.5) 5(19.2) 98(185)  1.052 0.387-2.859 .921
Permanent catheter
No 540(96.9) 25(96.2) 515(97.0) -
Yes 17(3.1) 1(3.8) 16(3.0) 1.287 0.164-10.099 .810
Swan-Ganz catheter
No 471(84.6) 21(80.8) 450(84.7) -
Yes 86(15.4) 5(19.2) 81(15.3) 1.323 0.485-3.609 .585
PICC
No 451(81.0) 19(73.1) 432(81.4) -
Yes 106(19.0) 7(26.9) 99(18.6)  1.608 0.658-3.929 .298
Chemoport
No 554(99.6) 26(100.0) 528(99.6) Not estimated
Yes 2(0.4) 0(0.0) 2(0.4)
Nutrition
None 10(1.8) 000.0) 10(1.9) Not estimated
Parenteral
No 191(34.3) 9(34.6) 182(34.3) -
Yes 366(65.7) 17(65.4) 349(65.7) 0985 0.431-2.254 972
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Table 5. Continued

Total BSI non-BSI o )
Univariate analysis
. (N=557) (n=26) (n=531)
Variables
n (%) or
n (%) or M+SD OR 95% CI D
M+SD
Enteral
No 483(86.7) 19(73.1) 464(87.4) -
Yes 74(13.3) 7(26.9) 67(12.6) 2551 1.034-6.298 .042
Fluid
No 357(64.1) 18(69.2) 339(63.8) -
Yes 200(35.9) 8(30.8) 192(36.2)  0.785 0.335-1.839 577
Steroid use
No 260(46.7) 7(26.9) 253(47.6) -
Yes 297(53.3) 19(73.1) 278(52.4) 2470 1.021-5974 .045
Days used 18.95+28.23 14.54+17.92 9.89+22.86
ésfggu&gg) 1023.71+1518.92 1483.42+2204.05 499.95+1135.01
SOFA score 12.99+3.26 13.69+3.21 1296326 1.075 0.947-1.219 .262
Antibiotics count 3.41+£2.20 3.96+2.68 3.3842.18 1.116 0.946-1.316 .193
No used 21(3.8) 4(15.4) 17(3.2) 3.944 1.079-14.420 .038
Used 536(96.2) 22(84.6) 514(96.8) -
Penicillin
No 147(26.4) 7(26.9) 140(26.4) -
Yes 410(73.6) 19(73.1) 391(736) 0972 0.400-2.361 .950
Cephalosporin
No 425(76.3) 17(65.4) 408(76.8) -
Yes 132(23.7) 9(34.6) 123(23.2)  1.756 0.764-4.038 .185
Monobactam
No 552(99.1) 26(4.7) 526(95.3) Not estimated
Yes 5(0.9) 0(0.0) 5(100.0)
Carbapenem
No 332(59.6) 15(57.7) 317(59.7) -
Yes 225(40.4) 11(42.3) 214(40.3)  1.086 0.490-2.411 .839
Glycopeptide
No 181(32.5) 11(42.3) 170(32.0) -
Yes 376(67.5) 15(57.7) 361(68.0) 0.642 0.289-1.428 277
Polymyxin
No 502(90.1) 23(88.5) 479(90.2) -
Yes 55(9.9) 3(11.5) 52(9.8) 1.202 0.349-4.138 771
Quinolone
No 361(64.8) 16(61.5) 345(65.0) -
Yes 196(35.2) 10(38.5) 186(35.0)  1.159 0.516-2.606 .721
Aminoglycoside
No 534(95.9) 26(100.0) 508(95.7) Not estimated
Yes 23(4.1) 0(0.0) 23(4.3)
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Table 5. Continued

Total BSI non-BSI L )
Univariate analysis
Variables (N=557) (n=26) (n=531)
n (%) or
n (%) or M£SD OR 95% CI D
M+SD
Trimethoprim/Sulfamethoxazole
No 436(78.3) 16(61.5) 420(79.1) -
Yes 121(21.7) 10(38.5) 111(20.9) 2365 1.044-5.355 .039
Metronidazole
No 512(91.9) 24(92.3) 488(91.9) -
Yes 45(8.1) 2(7.7) 43(8.1) 0946 0.216-4.137 941
Antifungal agent
No 455(81.7) 21(80.8) 434(81.7) -
Yes 102(18.3) 5(19.2) 97(18.3)  1.065 0.392-2.895 .901
Antiviral agent
No 476(85.5) 16(61.5) 460(86.6) -
Yes 81(14.5) 10(38.5) 71(13.4)  4.049 1.768-9.274 .001
Extra agent
No 463(83.1) 20(76.9) 443(83.4) -
Yes 94(16.9) 6(23.1) 88(16.6) 1510 0.590-3.868 .390
Organ transplant
No 487(87.4) 18(69.2) 469(88.3) -
Yes 70(12.6) 8(30.8) 62(11.7)  3.362 1.403-8.056 .007
Specific organ
Liver 25(35.7) 4(50.0) 21(33.9) -
Kidney 12(17.1) 1(12.5) 11177 0.477 0.047-4.806 .530
Heart 17(24.3) 3(37.5) 14(22.6) 1125 0.218-5.815 .888
Lung 8(11.4) 0(0.0) 8(12.9) Not estimated
Marrow 5(7.1) 0(0.0) 5(8.1) Not estimated
Pancreas 1(1.4) 0(0.0) 1(1.6) Not estimated
Co-transplant 2(2.9) 0(0.0) 2(3.2) Not estimated
M=median; SD=standard deviation; OR=odds ratio; Cl=confidence interval;
BSI=bloodstream infection; ECMO=extracorporeal membrane oxygenation; RBC=red

blood cell; PC=platelet concentrate; FFP=fresh frozen plasma; CVC=central venous

catheter; PICC=peripherally inserted central venous catheter; SOFA=sequential organ

failure assessment.
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Table 6. Comparison of Characteristics between Patients with BSI and
without BSI under ECMO Support : Variables associated with ECMO

Total BSI non-BSI o .
Univariate analysis
. (N=557) (n=26) (n=531)
Variables
n (%) or
n (%) or M+SD OR 95% CI D
M+SD
Mode

VA 424(76.1) 22(84.6) 402(75.7) -

\'AY% 133(23.9) 4(15.4) 129(24.3) 0567 0.192-1.675 .304
Setting

Peripheral 485(87.1) 23(88.5) 462(87.0) -

Central 72(12.9) 3(11.5) 69(13.0) 0.873 0.255-2.986 .829
ECMO days 11.71+12.28 13.92+1557 11.60+£12.10 1.013 0.986-1.040 .349
Applied cause

Respiratory 132(23.7) 4(15.4) 128(24.1) -

Circulatory 213(38.2) 11(42.3) 202(38.0) 1.743 0.543-5.590 .350

Respiratory and 6111.0) 623D  55(10.4) 3491 0.948-12.861 .060

circulatory

ECPR 151(27.1) 5(19.2) 146(27.5) 1.096 0.288-4.169 .893
Spot

ER 54(9.7) 1(3.8) 53(10.0) -

ICU 313(56.2) 16(61.5) 297(55.9) 2.855 0.371-21.987 .314

OR 106(19.0) 4(15.4) 102(19.2) 2.078 0.227-19.066 .518

Lab 36(6.5) 2(7.7) 34(6.4) 3118 0.272-35.725 .361

GW 48(8.6) 3(11.5) 45(85) 3533 0.355-35.164 .282
ECMO CNS

Before CNS 282(50.6) 13(50.0) 269(50.7) -

After CNS 275(49.4) 13(50.0) 262(49.3) 1.027 0.467-2.256 .948
Betafoam® dressing

No 474(85.1) 16(61.5) 458(86.3) -

Yes 83(14.9) 10(38.5) 73(13.7) 3921 1.714-8973 .001
ECMO physician

Staff 301(54.0) 11(42.3) 290(54.6) -

Fellow 196(35.2) 12(46.2) 184(34.7) 1.719 0.743-3.978 .205

Resident 60(10.8) 3(11.5) 57(10.7) 1.388 0.375-5.131 .624
Additional ECMO catheter insertion

No 370(66.4) 12(46.2) 358(67.4) -

Yes 187(33.6) 14(53.8) 173(32.6) 2.414 1.093-5.331 .029
ECMO with CRRT

No 252(45.2) 11(42.3) 241(45.4) -

through ECMO 223(73.1) 11(73.3) 212(73.1) 1.103 0.497-2.449 .809

through HD catheter 82(26.9) 4(26.7) 78(26.9) 1.056 0.354-3.147 .922
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M=median; SD=standard deviation, OR=odds ratio; = Cl=confidence interval;
BSI=bloodstream infection; VA=veno-arterial; VV=veno-venous; ECMO=extracorporeal
membrane oxygenation;, ECPR=extracorporeal cardio—pulmonary—-cerebral resuscitation;
ER=emergency room; ICU=intensive care unit; OR=operating room; Lab=laboratory
unit;, GW-=general ward; CNS=clinical nurse specialist; CRRT=continuous renal
replacement therapy, HD=hemodialysis.
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Table 7. Multivariable Logistic Regression of Risk Factors for Patients with
BSI under ECMO Support

Variables OR 95% CI D
Enteral nutrition (Ref. No) 2.853 1.025-7.940 .045
Antibiotic usage (Ref. Yes) 6.266 1.411-27.825 016
Antiviral agent (Ref. No) 4.852 1.843-12.775 .001

Applied cause (Ref. Respiratory)
Respiratory and circulatory

Betafoam® dressing (Ref. No) 4.348 1.775-10.652 .001

4.996 1.222-20.426 025

OR=0dds ratio; Cl=confidence interval, BSI=bloodstream infection;
ECMO=extracorporeal membrane oxygenation, Ref.=reference.
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H= 2. Approximate equivalent dose (mg) and activity
between glucocorticoids (Liu et al., 2013)

Type of glucocorticoids ‘Approximate Duration of action
equivalent dose(mg) (hours)
Glucocorticoids
Short-acting
Hydrocortisone 20 8-12
Cortisone 25 8-12
Intermediate-acting
Prednisone 5 12-36
Prednisolone 5 12-36
Methylprednisolone 4 12-36
Triamcinolone 4 12-36
Long-acting
Dexamethasone 0.75 36-72
Betamathasone 0.6 36-72
Mineralocorticoids
Fludrocortisone o 12-36

**Glucocorticoid doses which provide a mineralocorticoid effect that is
approximately equivalent to 0.1 mg of fludrocortisone are: prednisone or
prednisolone 50 mg, or hydrocortisone 20 mg.
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& 3. Sequential Organ Failure Assessment (SOFA) A4 &5 A A(Singer et al., 2016)

Score
System 0 1 2 3 4
Respiration
<200 (26.7) with <100 (13.3) with
Pa02/Fi02 mmHg (kPa) >400 (53.3) <400 (53.3) <300 (40) respiratory respiratory
support support
Coagulation
Platelets, x10%/ul >150 <150 <100 <50 <20
Liver
Bilirubin, mg/dL (zmol/L) <1.2 (20) 1.2-1.9 (20-32) 2.0-5.9 (33-101) 6.0-11.9 (102-204) >12.0 (204)
Dopamine 5.1-15 Dopamine>15 or
Dopamine <5 or or Epinephrine Epinephrine
Cardiovascular MAP =70mmHg MAP<70mmHg Dobutamine <0.1 or >0.1 or
(any dose)* Norepinephrine Norepinephrine
<0.1* >0.1*
Central Nervous System
Glasgow Coma Scale’ 15 13-14 10-12 6-9 <6
Renal
Creatinine, mg/dL (gmol/L) <1.2 (110) 1.2-1.9 (110-170) 2.0-34 (171-299) 3.5-4.9 (300-440) >5.0 (440)
Urine output, mL/d <500 <200

FiO2=fraction of inspired oxygen; MAP=mean arterial pressure;, PaO2=partial pressure of oxygen

* Catecholamine doses are given as pg/kg/min for at least 1 hour.

¥ Glasgow Coma Scale scores range from 3-15; higher score indicates better neurological function.
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[] PC (platelet concentrate) :
[] FFP (fresh frozen plasma) :

(] RBC (red blood cell) :
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(3) Sequential Organ Failure Assessment (SOFA) A4 57 A A
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Abstract

Risk Factors and Clinical Characteristics of
Bloodstream Infections among Patients with

Extracorporeal Membrane Oxygenation

Jang, Yuna

Department of Clinical Nursing
The Graduate School of Industry
Directed by Professor

Jeong, Jae Sim, RN, Ph.D

Background: Extracorporeal membrane oxygenation (ECMO) patients have a
high risk of bacteremia and subsequent death due to serious underlying
diseases and the use of multiple cannulas. Results of previous studies on risk

factors of bloodstream infection (BSI) in ECMO patients are inconsistent.

Methods: From January 1, 2018 to December 31, 2021, a retrospective cohort
analysis was conducted on patients with ECMO at a 2,715-bed tertiary acute
care hospital in Seoul, Republic of Korea. To diagnose BSI, the definition of
the National Healthcare—associated Infection Surveillance System was applied.
Risk factors were identified through multivariable logistic regression analysis

on general, clinical, and ECMO-related characteristics of the subjects.

Results: The 557 patients of a total 655 people who met the inclusion criteria
were analyzed in this study. BSI occurred in 26 (4.7%) patients. As a result
of multivariable analysis, enteral nutrition (Odds ratio [OR]=2.853, 95%

Confidence interval [CI]=1.025-7.940, p= .045), in case of no systemic
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antibiotics have been administered (OR=6.266, 95% CI=1.411-27.825, p= .016),
antiviral agent usage (OR=4.852, 95% CI=1.843-12.775, p= .001), ECMO
application in case of combined respiratory and circulatory failure (OR=4.996,
95% CI=1.222-20.426, p= .025), and ECMO catheter dressing with Betafoam®
(OR=4.348, 95% CI=1.775-10.652, p= .001) were identified as significant risk
factors. There were 9 cases of Gram-positive bacteria, 12 cases of
Gram-negative bacteria, and 9 cases of fungi, of which four were

mixed-infections.

Conclusion: The incidence of BSI in ECMO patients was different to those
in recent studies. Also there were differences in independent risk factors.
Although this is a single institutional study, results of this study suggest
that it is necessary to seek clinical intervention measures for risk factors of

BSI in ECMO patients.

Key words: Extracorporeal membrane oxygenation, Bloodstream infections,

Risk factors, Cohort studies
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